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Abstract—The problem-based learning (PBL) approach has
been successfully applied to teaching software engineering thanks
to its principles of group work, learning by solving real prob-
lems, and learning environments that match the market realities.
However, the lack of well-defined methodologies and processes for
implementing the PBL approach represents a major challenge.
The approach requires great flexibility and dynamism from all
involved, whether in mapping content, in teacher performance,
or laying out the process of how learners should go about solving
problems. This paper suggests that management processes can
help in implementing PBL throughout its life cycle (planning,
implementation, monitoring, and enhancement), and proposes an
assessment model called PBL-SEE for use in software engineer-
ing education (SEE). Two examples of its use are provided. The
results show how the model can be applied and how the resulting
information can be used to make the PBL initiatives ‘“authentic,”’
in that they bring the reality of the labor market to the learning
environment, while keeping to PBL principles.

Index Terms—Bloom’s taxonomy, case study, problem-based
learning (PBL), problem solving, professional skills, student
assessment, teaching evaluations.

I. INTRODUCTION

HE STUDY and practice of software engineering is

influenced both by its roots in computer science and by
engineering disciplines with their focus on professional skills.
According to [1], certain broad characteristics are expected
of computing graduates that go beyond technical knowledge;
in particular, they must have project experience and problem-
solving skills and an appreciation of the interplay between
theory and practice. From an engineering perspective, the cur-
riculum in [2] reinforces the importance of problem-solving
skills in the statement, “Engineers proceed by making a series
of decisions, carefully evaluating options, and choosing an
approach at each decision point that is appropriate for the
current task in the current context.” However, to develop such
competences, applied learning is necessary, as distinct from
traditional lecture-oriented classes that focus on delivering
subject-matter knowledge and have little time for practi-
cal activities. Such classes are generally very different from
real-life situations. In a real environment, the client has a prob-
lem that requires a software solution within time and cost
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constraints; that problem can be poorly structured and sub-
ject to change, and often has aspects that the client does
not understand. To respond, software engineers often work
in teams, communicating and sharing their knowledge with
colleagues, using tools and adaptive processes, and being
oriented to common goals. In traditional learning, students
tend to work individually, are often forbidden to cooperate
and share their knowledge with peers (for evaluation pur-
poses), and are encouraged to simply memorize knowledge
and then reproduce it in summative tests. When they are
given a project-based practical, its learning complexity is min-
imized by carefully structuring the projects and providing
stable conditions within the boundaries of the discipline being
taught. A learning environment, though, should not only be
practical but also true to market reality. Problem-based learn-
ing (PBL) is an appropriate way of doing this, being focused
on putting students at the center of the learning process and
involving them in real situations. This method, based on con-
structivist theories of learning [3], has been used in education
where students work in teams to solve problems, fostering the
development of skills such as self-initiative, cooperation, and
learning to take a critical viewpoint.

According to [3], a systematic literature review that ana-
lyzed 52 studies of PBL applied to computing education, the
adoption of PBL is not an easy task. The main challenges
are related to the way in which it is applied. In practice,
if the principles of PBL are to be adhered to, there must
be a high investment in managing it, requiring additional
time, and additional people taking certain roles and over-
seeing certain processes; as a result, these principles are not
always closely followed. Managing processes, such as assess-
ment processes, is indispensable to obtaining positive results
from PBL.

Some studies have shown effective results. Following an
experiment in which teachers were trained in PBL, Tuohi [5]
discussed some important points in the definition of the evalua-
tion process in PBL, highlighting the best approach (formative
or summative), the need to define who assesses what, the best
assessment tools (oral or written), and the type of indicators to
be used, emphasizing the importance of having all parties par-
ticipate in the evaluation process, and of continuous feedback
throughout the process. Yin [6] highlighted the importance of
formative assessments in the PBL approach, both in the assess-
ment of student groups and of in individuals. Additionally,
Elizondo-Montemayor [7] highlighted the need for alignment
between the educational objectives (EOs) and the evaluation
process: “Assessment of PBL needs to focus on the objectives
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that PBL fosters in conjunction with the educational course
objectives.” These studies discuss issues relevant to the PBL
assessment process, but none proposes a model that supports
its implementation.

This paper, prompted by this need, describes an assess-
ment model for the PBL approach in software engineering
education (SEE), called PBL-SEE. The underpinning for
PBL-SEE comes from the models of evaluation processes
used by software industry professionals and theory-based aca-
demic assessment models. The proposed evaluation model has
three levels: 1) student assessment; 2) PBL evaluation; and
3) teaching assessment.

One of the main tenets for level 1 is the concept of “authen-
tic assessment” presented by Herrington and Herrington [8],
who emphasized that the context and the problem need to
be real, to provide conditions for assessing student perfor-
mance, with intense student collaboration and participation.
Additionally, the assessment needs to be integrated with
students’ activities, including multiple and well-defined perfor-
mance indicators. In the software industry itself, this learning
environment can be created through “software factories,”
defined as structured and integrated units of development, with
clear roles and responsibilities, supported by well-defined tools
and processes, as described in [9]. Level 2 considers the results
presented in [10], focusing on assessing the maturity of the
PBL approach. Finally, level 3 focuses on teachers’ perfor-
mance and their planning of the teaching program. Section IV
presents a discussion of the application of PBL-SEE in two
real cases, in both professional and academic contexts.

II. THEORETICAL AND METHODOLOGICAL
FRAMEWORKS

Four major theoretical and methodological bases are used
in this paper.

The first deals with the management of the teaching and
learning cycle. Dos Santos et al. [11] showed that PBL can
be adopted effectively when guided by a well-defined pro-
cess of planning, implementation, monitoring, and evaluation,
so as to implement continuous improvements. These process
steps refer to plan, do, check, and act (PDCA), a method-
ology whose basic function is to aid the diagnosis, analysis,
and resolution of organizational problems. The PDCA cycle
is divided into four well-defined steps:

1) Plan consists of establishing the objectives, goals, and
processes to be controlled so as to achieve the desired
results.

2) Do consists of performing the planned activities, imple-
menting the processes and collecting data for evaluation.

3) Check consists of monitoring and periodically evaluating
the processes and results obtained as compliance with
the set goals and objectives.

4) Action consists of acting according to the evaluation,
taking corrective action to avoid possible failures and to
improve the quality, efficiency, and effectiveness of the
processes involved.

A second theoretical basis advocates the use of clas-

sification schemes to facilitate the definition of EOs,

IEEE TRANSACTIONS ON EDUCATION

more specifically, the Revised Bloom’s Taxonomy by
Anderson and Krathwohl [12]. They altered the cognitive
domain of Bloom’s Taxonomy (Knowledge, Understanding,
Application, Analysis, Synthesis, and Evaluation), calling it
the Revised Bloom’s Taxonomy (RBT), keeping the six levels
in verbs:

1) to remember or reproduce ideas (verbs: recognizing and
playing);

2) to understand, explaining an idea/concept in one’s own
words (verbs: interpreting and summarizing);

3) to apply knowledge to a new and concrete situation
(verbs: implementing and carrying out);

4) to analyze, dividing information into parts, being able
to understand the interrelationship between them (verbs:
organizing and differentiating);

5) to evaluate based on criteria, standards, and norms
(verbs: checking and criticizing);

6) to create a new vision or solution based on the knowl-
edge and skills previously acquired (verbs: producing
and planning).

A third basis is a PBL methodology presented in [13]. Given
that the model proposed in this paper is focused on computing
education, specifically, software engineering, “xPBL,” a PBL
methodology created for that field was used. Its purpose is to
align methods and tools used to manage the PBL approach,
so that PBL principles can be guaranteed when it is adopted
to teach computing. To guarantee PBL principles beyond their
educational goals, xPBL is based on five elements:

1) Problem, selecting actual problems, whose complexity

is treated as a significant aspect;

2) Environment, creating an actual real-world work envi-
ronment;

3) Human Capital, having professional experts as teachers
and tutors, with the students as actors and real clients
involved in the teaching process;

4) Content, compiling an innovative syllabus whose content
closely reflects actual problems;

5) Process, implementing an authentic assessment process
based on the teams’ results and the students’ knowledge,
and, from a technical and market perspective, a tight
control enforced by monitors.

This last Dbasis refers to the term ‘“authen-
tic assessment,” which was originally defined by
Herrington and Herrington [8]. Tai and Yuen [14] emphasized
that “in authentic assessment, students are involved in learn-
ing environments in which activities are focused on applying
their knowledge, stimulating their thinking and critical
insight into solving real problems and exercising different
ways to solve them.” Although this model is fully aligned
to the PBL approach, it gives no indication of how to apply
this approach in a real learning environment, nor suggests
the assessment approaches to be used. Tai and Yuen [14]
defined authentic assessment strategies in the PBL context
from three perspectives: 1) Content, related to the knowledge
acquired by students; 2) Process, related to the ability to
apply that knowledge to solve problems; and 3) Output,
related to the products and artifacts generated as a result.
Dos Santos and Soares [15] enhanced this proposal and added
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TABLE I
ASSOCIATION BETWEEN THE BASES OF THE MODEL

xPBL Assessment Educational EO 1d
Elements Perspectives Objectives (EO)
Problem Output Apply EO-2
Environment/ Client Evaluate (external EO-3
Context Satisfaction view)
Human Performance Evaluate (internal EO-4
Capital view)
Content Content Remember/ EO-1
Understand
Process Process Analyze/ Create EO-5

two dimensions to the assessment process: 1) Performance,
which refers to a subjective analysis of the student’s inter-
personal characteristics, developed in the PBL approach; and
2) Client Satisfaction, based on assessment criteria in the
client’s perspective of the solution.

From this, Table I shows an association between these
three elements: 1) xPBL methodology; 2) authentic assessment
strategies and procedures for teaching software engineering;
and 3) the development of cognitive processes according to
the RBT. In analyzing Table I, the “problem” element of PBL
recommends that its use in the learning process be real and
of relevant complexity so that the solutions developed by the
learner are also relevant. At this point, the focus on the solu-
tion to a problem indicates a greater emphasis on the level
of application of knowledge, guided by the associated verbs
“implement” and “carry out” of the RBT. From the point of
view of the assessment procedure, this will be related to the
output element, which represents the result generated by the
solution of the problem.

As for the second element, XPBL highlights the need for
a learning environment that reflects the context and real con-
ditions of the work environment. This element reinforces the
need to bring the external environment (outside the academic
environment) into the learning environment. To do this, actors
from that external environment are brought into the evaluation
procedure, thus assessing the satisfaction of the person need-
ing the solution, the real client. The third XPBL element deals
with the roles involved in the learning process, with emphasis
on the central members in the proposed solutions, the learners.
At this point, the assessment process is focused on assessing
the interpersonal characteristics associated with the level of
knowledge of the learner and of his/her team collaborators.
Evaluation of knowledge and understanding of concepts, fun-
damentals, methods and techniques, and so forth, is made in
the fourth element of XPBL, and examines the content that will
support problem solving. Finally, the last element reinforces
the need for a learner assessment process compatible with the
problem-solving process, evaluating the combination of com-
petences used to analyze how the problem will be solved,
to analyze alternative solutions and to adapt the resolution
process to the problem situation.

III. PBL-SEE MODEL

The objective of the PBL-SEE model is to indicate assess-
ment strategies that guarantee the effectiveness of the PBL

1. Problem(s) at the core of
the educational proposal.

2. Leamer as the
owner of the problem.

3. Authenticity of the
problem or task

4. Authenticity of the

10. Continuous
Assessment.

= B learning environment.
Principles
9. Collaborative and 5. Leamer drives the
multidirectional learning. Of PBL problem-solving

process.

8. Reflection on the
content leamed and the
learning process.

7. Assessment of how the
problem was solved.

6. Complexity of the
problem or task

Fig. 1. Ten principles of PBL.

approach throughout its management cycle (in accordance with
Deming’s PDCA cycle). Since the first step is to define EOs,
the PBL-SEE model is defined as a guideline for the devel-
opment of competences based on the association shown in
Table L.

(EO-1) To know and understand concepts and fundamen-
tals applicable to problem solving.

To apply acquired knowledge to solve problems.
To evaluate proposed solutions against the actual
client’s criteria.

To assess one’s own interpersonal skills and those
of one’s team.

To analyze and create (or adapt) resolution pro-
cesses that best apply to the problem situation.
Note that the EOs were written with Bloom’s verbs, associ-
ated with the aspects of authentic assessment aligned to the
elements of xPBL.

Based on these objectives, the authentic assessment ele-
ments applied to the teaching of software engineering pro-
posed in [15] are taken as a model for “student assessment,”
within the five dimensions of assessment: 1) content; 2) pro-
cess; 3) output; 4) performance; and 5) client satisfaction. In
addition, two new levels of assessment are considered: 1) “PBL
evaluation,” and 2) “teaching assessment.”

For PBL evaluation, dos Santos et al. [10] put forward
a ten-question test, “PBL-test,” based on ten PBL principles,
as shown in Fig. 1.

Each participant’s evaluation is defined by their score on the
test, for which the maximum score is 10. For simplicity, the
result of the PBL-test in a class of 20 students, for example,
is calculated from the arithmetic mean of the each student’s
score on the test. Moreover, the PBL-test associates the final
score to PBL maturity levels: level O or insufficient (overall
average < 7); level 1 or initial (7 < overall average < 8);
level 2 or satisfactory (8 < overall average < 9); level 3 or
good (9 < overall average < 10); level 4 or excellent (overall
average = 10). Thus, a PBL approach embodying the method’s
principles, and its benefits, will have a maturity level between
2 and 4. Level O is not characteristic of the PBL approach,
and level 1 indicates that few of the principles are followed
and many improvements need to be made.

At the teaching assessment level, the objective is to assess
two aspects: 1) the teacher’s performance, and 2) the planning
of the educational or training unit. The teacher’s perfor-
mance assessment considers characteristics of the teacher’s
professional and interpersonal competences, such as oral and
written communication ability, manner and ethics when deal-
ing with students, and stimulating students to solve problems.

(EO-2)
(EO-3)

(EO-4)

(EO-5)
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Further aspects are management skills and business vision,
such as planning of teaching, setting challenging tasks, and
the teacher’s professional experience. This aspect is defined
with respect to the profile of an ICT expert whose compe-
tences are as demanded by the labor market, as set out in the
ICT profession body of knowledge [16]. The second aspect
refers to the planning of the teaching process and is associ-
ated with setting EOs, the transparency of these goals and their
achievement throughout the course. Finally, a subjective eval-
uation is made of the student’s perception of the outcome of
the learning process for his/her CV and professional training.

IV. CASES STUDIES

The PBL-SEE model has been applied since 2007 in vari-
ous courses with a professional emphasis, such as ten years of
a Software Engineering Master’s program [11], a professional
training course in software testing [17], and a software resi-
dency for developing a mobile platform [18]. In this section,
two case studies are given: 1) the software residency (SR)
study, and 2) the project management (PM) study.

In the SR study [15], the goal was to train software pro-
fessionals in the skills needed to work in companies of
telecom sector infrastructure products. The program consisted
of a group of 18 residents, organized into two groups of
nine residents as software factories: 1) group A, focusing
on the development of embedded software for the products;
and 2) group B, which focused on software development for
network management in Java. The human capital comprised
a coordinator, 11 teachers, two technical tutors, and two real
clients, one for each team.

In the PM study [19], xPBL methodology was applied to the
project management course on an undergraduate Information
Systems Degree Program. The educational goal was to train
students in good practices in systems project management.
The environment consisted of 33 students, divided into six
teams, organized in six software factories. The main guide-
lines for content were the PMBOK Guide v5 and agile
management approaches for software projects (Scrum and
Kanban). The human capital comprised a teacher, two techni-
cal tutors, two PBL tutors, six teams with five/six students,
and six real clients, one for each team, mostly freelance
professionals (entrepreneurs).

A. Plan and Do

For the SR case study, the student assessment was planned
for five months of training, with the following assessments:
1) eight on content; 2) four on process; 3) four on output;
4) two on performance; and 5) two on client satisfaction. In
the period when the courses were given (the first four months),
content assessments were made in each course. Therefore,
there were eight content assessments for teams A and B, con-
sidering a group of five courses common to both teams and
three courses specific to each group with a total of 11 short
courses. These evaluations were carried out by the course
teacher, with emphasis on the first EO of the PBL-SEE (EO-
1). For objectives EO-2 and EO-3, and considering that the
teams used an agile management approach in the projects
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Fig. 2. Process and result assessment data for team B.

focusing on a larger number of short iterations (e.g., Scrum),
the process and output assessments were applied to each iter-
ation such that the teams were evaluated at the end of each
of them. These evaluations were conducted by the technical
tutors and the project manager. Moreover, two performance
assessments were planned, one at the beginning of the project
and one before the month dedicated to the practicals in order
to correct possible interpersonal conflicts, as guided by OE-4.
However, only one assessment was carried out because of time
constraints. Finally, for objective EO-5, there were two assess-
ments of the client aspect, one conducted midway through the
program and the other at the end. Unfortunately, the PBL-Test
was not administered because it was still being prepared when
the program was run. The assessments of the level of teaching
assessment were made at the end of each course.

In the PM case study, the student assessment was made
throughout the course (four months), with the following
assessments distributed in three modules: three on content;
four on process; four on output; two on performance; and
four on client satisfaction. For the first module, understanding
the concepts and basics of project management was required
(EO-1), and only one content assessment was planned in the
simulated format (objective tests of about 25 issues), a for-
mat used in the real Project Management Institute certification
tests. During the second and third modules, two content assess-
ments were planned (for OE-1) using the same simulated
format, and four groups of assessments of process, output
and client satisfaction, conducted during the follow-up or sta-
tus report meetings (in accordance with the objectives EO-2,
EO-3, and EO-5). The assessments under the aspect of perfor-
mance (EO-4) were applied at two points in the course: after
the first and third status report meetings. The PBL-test was
applied after the second status report meeting, with focus on
PBL principles. Teaching assessment evaluations were planned
at the end of the course, such as the SR Study.

B. Check and Act

In the SR case study, simple content aspect graphics
were built that assigned colors (here shown with numbers)
to the value scale for to this aspect (O—unsatisfactory;
l—satisfactory; 2—good; 3—very good; 4—excellent) as
shown in Fig. 2, with reference to team B.

This graph allowed the course project manager to monitor
the evolution of the two teams, with focus on EO-1, and to
identify subjects giving students greatest difficulty, thus pro-
viding assistance such as extra classes and technical tutors,
when necessary.
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Fig. 3. Individual student performance in two modules of the PM case study
(x-axis: individual students, and y-axis: score).
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Fig. 4. Evolution of process aspect in the PM case study. SR = status report
meeting, and T = team.

In the PM case study, scatter plots were generated at the
end of each of the three modules, Fig. 3, thus allowing an
analysis of the groups by individual performance, this being
an undergraduate degree, not a professional training course
qualification offering hiring possibilities, as in the SR case.
An improvement is seen comparing the two graphs, consid-
ering that the first was focused on the content aspect (from
arithmetic average of individual tests), and the second was
focused on the five aspects of authentic assessment (from the
arithmetic average of all evaluations).

For the process, results, and client satisfaction aspects,
data were collected for each team from evaluation spreadsheets
(each one with respective criteria) shared with teachers, tutors,
and all students on the courses on a cloud platform. For exam-
ple, some criteria used in the evaluation under the process
aspect were “clarity of the process,” “completeness of presen-
tation,” and “planning strategy.” Once again, after the status
meetings, graphs were generated showing the teams’ evolu-
tion, with a focus in the objectives EO-2, EO-3, and EO-5.
One such graph, generated for the process aspect for the PM
course, Fig. 4, shows the teams’ improvement throughout the
case study, from a mainly low initial performance. At each
evaluation, all the teams (T1-T6) were given feedback and
recommendations.

100% —
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-+ Process

Sprint1 Sprint2 Sprint3 Sprint4 SprintS Sprint 6

Fig. 5. Process and result assessments for one team after each sprint in the
SR case study.

PBL-Test

1. Problem (s) at the core.

2. Learner as the problem owner.

3. Authenticity of the problem.

4. Authenticity of the environment.

5. Learner drives the solving-problem process.
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Fig. 6. Results of the PBL-test for each principle.

In the SR case study, the teams had to use a development
process compatible with continuous delivery of products (out-
put). This was assessed by using graphics that related EO-2
(applying acquired knowledge to solve problems) to EO-5
(evaluating proposed solutions against the actual client’s cri-
teria). The objectives of a professional education can thus
be made consistent with the needs of the client company
(EO-3). Fig. 5 shows a graph plotting the process and result
aspect evaluations generated after each project sprint for one
of the teams. Students can use this feedback to decide to, for
example, simplify parts of the process, to focus on delivering
a quality product rather than a quality process. This kind of
decision falls within the project manager’s role.

Client satisfaction assessments were made through a spread-
sheet sent to the client at two points during the study. This
spreadsheet listed criteria, their descriptions, and gave fields to
assign a value for each criterion. Team A achieved an excellent
rating in this aspect for both assessments. In their first assess-
ment, team B was rated as needing improvement in the two
areas of product quality and innovation. The team then worked
on these points, with adjustments in the development process,
and achieved a better performance in the second assessment.
Feedback from real clients is very important, in accordance
with EO-5, and has a direct impact on the authenticity of the
learning environment and the problem to be solved. Without
involving those who are experiencing the problem, it is very
difficult to achieve good solutions.

To assess performance, students, tutors, and the project
manager completed online research tool forms, similar to the
graph of Fig. 1, that had columns for each evaluation criterion
(initiative, commitment, collaboration, leadership, etc.) where
a value was entered according to that particular value scale.
Sophisticated reports could then be obtained for each student,
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Fig. 7. Student assessment under the five aspects.

showing their own assessment, and that of their teammates,
in a consolidated graphic for each assessment criterion, along
with subjective comments. After these assessments, face-to-
face meetings are often held to discuss any team conflicts,
for example, in personal relationships or in common inter-
ests. Students’ interpersonal skills are thus emphasized, in
accordance with EO-4.

In the PM case study, the PBL-Test gave an overall average
of 8.8 (level 2 or Satisfactory), Fig. 6. Note that the maximum
value for each principle is 1, thus the maximum value for
PBL-Test is 10.

These results show that most of the PBL principles were
met, but also point out potential for improvement, such as
the unsuitability of the traditional classrooms available in
the academic environment. Should departures from the prin-
ciples of PBL be identified that can be tackled during the
course, the PBL-test should be used more frequently to assess
improvement.

To assess the teacher in the SR case study, evaluations were
made at the end of each of the 11 short courses to see if con-
tent changes were necessary, or if other actions were required.
Most of the results were “excellent” and “very good” and
showed a high degree of satisfaction with the teachers and
teaching approach, except in one course at the beginning of
the program, not uncommon in an adjustment period. In this
case, a new teacher was hired and the course repeated, with
a significant improvement in student performance.

Finally, exploring specific levels of the PBL-SEE, such as
student assessment, graphics can be designed to provide con-
solidated student performance information. The 5-D graphic
of Fig. 7, for example, shows the performance of a team on
the PM course, for the five dimensions. This chart could be
generated for each student on a course and used to provide
feedback on overall performance.

Using information technology, including artificial intelli-
gence and statistical techniques, to process information allows
the PBL-SEE model to make highly sophisticated and compre-
hensive analyses. If consistent data are collected, the decision
support reports can be generated that allow self-regulation and
the implementation of improvements.

V. CONCLUSION

The PBL-SEE evaluation model described here supports
the PBL approach to the teaching and learning process with
a management cycle that offers the pedagogical coordinator
a full view of the planning, implementation, monitoring, and
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continuous improvement stages. The concern with the man-
agerial aspects of the proposed model is relevant because the
PBL literature is more descriptive than prescriptive; that is,
clear normative instructions are lacking on how to imple-
ment and, subsequently, check that an educational proposal
under the PBL approach has met its objectives. The assess-
ment strategies proposed in the PBL-SEE model seek to
ensure the effectiveness of the PBL approach, taking into
account the planning of the educational unit, teacher’s per-
formance (teaching assessment), the degree of maturity of the
PBL approach (PBL evaluation), and the learner’s experience
within the five evaluation dimensions: 1) content; 2) process;
3) results; 4) performance; and 5) client satisfaction (student
assessment). Based on the case studies, the PBL-SEE model
has demonstrated its positive contribution in supporting the
teaching of software engineering with PBL, whether in the
academic or professional context, in a learning environment
created by setting up practical software factories. Its charac-
teristics of continuous evaluation and feedback guide students
in their studies so as to reach their educational goals.

Finally, despite the complexities of real software devel-
opment scenarios, it is believed that the application of this
assessment model is suitable for any project environment
aimed at solving problems in which groups of people col-
laborate and cooperate with clear goals to serve and meet the
needs of real clients.
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