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Abstract

Example-Based Learning (EBL) has been adopted in Software En-
gineering Education (SEE) to support conceptual understanding,
knowledge transfer, and the connection between theory and prac-
tice. However, its adoption remains challenging because educators
must design meaningful examples, select materials with adequate
complexity, and align activities with learning objectives and feed-
back strategies. To address this challenge, we propose an approach
that frames EBL adoption as a pedagogical planning process guided
by instructional decisions. This paper presents an enhanced version
of the web-based portal that operationalizes our approach as a digi-
tal pedagogical artifact. The portal supports educators through in-
structional planning workflows, resources for creating and reusing
EBL-based lesson plans, an expanded repository of examples, and
mechanisms for evaluating examples according to their pedagogical
adequacy. We evaluated the portal through an exploratory study
with Software Engineering educators. The study combined quantita-
tive data from a questionnaire based on the Technology Acceptance
Model (TAM) with qualitative data from semi-structured interviews
analyzed through coding procedures. The quantitative results indi-
cate positive perceptions regarding perceived usefulness, perceived
ease of use, and intention to use. The qualitative findings comple-
ment these results by showing that educators valued the portal’s
support for organizing lesson planning, clarifying instructional
workflows, and reducing the effort required to prepare EBL-based
activities. Participants also identified limitations and improvement
opportunities, including the need to expand the example reposi-
tory and increase workflow flexibility. Overall, our findings suggest
that the portal can support a more structured, sustainable, and
pedagogically grounded adoption of EBL in SEE.
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1 Introduction

Software Engineering (SE) is dedicated to the application of system-
atic, disciplined, and quantifiable approaches to the development,
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operation, maintenance, and evolution of software [29], which
makes it a field intrinsically connected to the practical demands of
professional development [22]. Given this context, Software Engi-
neering Education (SEE) plays a central role in preparing profession-
als capable of transferring theoretical concepts to real development
contexts, articulating technical knowledge, analytical skills, and
practical competencies [1, 11].

In this direction, restricting the educational process to approaches
centered solely on content delivery becomes insufficient, especially
in a field in which learning depends on understanding complex
problems and making decisions in applied scenarios [12, 18]. This
challenge has motivated the adoption of active methodologies in
SEE, since such methodologies promote student participation in
the learning process and contribute to the development of critical
thinking, problem-solving, and decision-making skills [10, 17].

Among the active methodologies with potential for this scenario,
Example-Based Learning (EBL) stands out. EBL supports learning
through the observation of how a task can be performed, allowing
students to understand not only the expected outcome but also the
reasoning underlying the solution presented [31]. Previous studies
have shown that EBL can strengthen conceptual understanding, fos-
ter knowledge transfer, and increase students’ self-efficacy [2, 7, 13].
These results have motivated its use in areas that require articu-
lation between theoretical foundations and practical application,
including SE, where examples can support the understanding of
abstract concepts, the analysis of solutions, and the development
of skills relevant to the professional context [24, 25, 28, 33].

Despite this potential, the adoption of EBL in SEE still faces
important limitations. Educators often use examples in an ad hoc
manner, without sufficient methodological support to guide peda-
gogical planning and the selection of appropriate materials. Barriers
reported in the literature include the effort required to design and
adapt examples with appropriate complexity [8, 15, 35], the time
required to construct erroneous examples [27], and the absence
of structured support to integrate this methodology into teaching
practices [25]. These challenges highlight the need for systematic
approaches and support artifacts that assist educators in opera-
tionalizing EBL in SE courses.
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In this direction, the EXEMPLIFY-SEE approach was proposed
to support the systematic adoption of EBL in SEE [4]. In that previ-
ous work, the approach was initially instantiated as a web-based
prototype structured around pedagogical planning axes, providing
workflows to guide educators in aligning conceptual exposition,
example-based activities, and feedback strategies [4]. In addition,
that initial version incorporated a repository of examples aimed at
supporting the construction and reuse of EBL-based lesson plans [4].
Initial empirical evidence indicated positive educator perceptions
of the approach’s usefulness, clarity, and ease of use, especially for
organizing lesson planning, structuring instructional decisions, and
supporting less experienced educators in the design of EBL-oriented
teaching activities [4].

As a continuation of this work, a web-based portal was devel-
oped to operationalize the approach and supports educators in
planning EBL-oriented teaching activities. The portal integrates
pedagogical planning workflows, structured sequences of instruc-
tional decisions for conceptual exposition, example-based activities,
and feedback, together with a repository of examples designed to
support the selection, adaptation, and reuse of teaching materi-
als. In addition to these pedagogical resources, the portal provides
functional mechanisms to enable practical adoption in educational
settings, including user authentication, persistence of planning
decisions, PDF export of lesson plans, interface translation, and
mechanisms for evaluating repository examples. This combination
of pedagogical and technical functionalities characterizes the portal
presented and empirically evaluated in this article.

Thus, this study aims to evaluate the EXEMPLIFY-SEE portal
and to provide additional empirical evidence on how educators can
be supported in adopting EBL in SEE. To guide this investigation,
we defined the following research questions:

e RQ1) To what extent do educators perceive the EXEMPLIFY-
SEE portal as effective in supporting EBL-based lesson plan-
ning in SE education?, and

e RQ2) What contributions, limitations, and improvement op-
portunities do educators identify when using the EXEMPLIFY-
SEE portal?

To answer these questions, we conducted an exploratory empiri-
cal study with educators, combining quantitative data from a ques-
tionnaire based on the Technology Acceptance Model (TAM) with
qualitative data from semi-structured interviews analyzed through
coding procedures. The quantitative results indicate positive per-
ceptions regarding the portal’s perceived usefulness, perceived ease
of use, and intention to use. The qualitative findings complement
these results by showing that educators valued the portal’s support
for organizing lesson planning, clarifying pedagogical workflows,
and reducing the effort required to prepare EBL-based activities.
At the same time, participants identified limitations and oppor-
tunities for improvement, including aspects related to workflow
flexibility and the expansion of the example repository. Overall,
the findings suggest that the portal can support a more structured,
sustainable, and pedagogically grounded adoption of EBL in SE
education. Therefore, the main contribution of this article is an
empirical evaluation of the EXEMPLIFY-SEE portal from the per-
spective of educators, offering evidence of its potential to support
the practical adoption of EBL in SE courses.
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2 Example-Based Learning in Software
Engineering Education

In the educational context, the relevance of EBL is associated with
the possibility of making learning more practical by demonstrating
how a given task can be performed, favoring conceptual under-
standing, the application of knowledge, and the observation of the
reasoning involved in the solution presented [13, 31]. In addition,
by offering a structured path for problem solving, this methodology
can reduce extraneous cognitive load and support the construction
of more robust knowledge schemas [23, 32].

In SEE, this potential is particularly relevant, since the field re-
quires students not only to know concepts, methods, and notations,
but also to be able to apply them in the analysis, construction, and
evaluation of software artifacts [11, 19]. The results of a system-
atic mapping study [6] on the use of EBL in Software Engineering
indicate benefits such as improved interpretation and application
of concepts [25, 28], increased motivation [24], strengthened stu-
dent confidence [33], and the development of skills relevant to
professional practice [16].

Despite this potential, the mapping study also revealed important
difficulties for the systematic adoption of EBL in SE. These include
the additional effort required from educators [8], the difficulty of
developing examples with adequate complexity [35], the need for
more structured pedagogical support [15], and, in some cases, stu-
dents’ difficulty in understanding the context of examples or iden-
tifying errors in modeled artifacts [25, 28]. These results reinforce
that progress in using EBL in SE depends not only on recognizing
its pedagogical value, but also on the existence of approaches and
artifacts that support its operationalization in educator planning.

2.1 The EXEMPLIFY-SEE Approach

In response to the difficulties of adopting EBL in SE education, the
EXEMPLIFY-SEE approach was proposed, conceived to support
educators in planning example-based classes [3, 4]. Its formula-
tion was grounded in evidence on the use of EBL in SE, including
benefits, difficulties, types of examples, and pedagogical practices
reported in the literature [6]. Based on this body of evidence, peda-
gogical requirements were established to guide the structuring of
the approach and its subsequent operationalization in a web portal.

In general, the approach organizes educator planning into stages
that articulate theory teaching, definition of the activity format,
selection of the type of example, and feedback strategies. This or-
ganization seeks to offer educators a more structured workflow
for adopting EBL, reducing dependence on ad hoc decisions and
fostering greater coherence among teaching objectives, the class
profile, and the available pedagogical resources [4]. In addition, the
approach does not lead to a single fixed plan, but rather guides
different planning possibilities based on the choices made by educa-
tors throughout the process, such as students’ level of knowledge,
the intended type of activity, and the pedagogical resources to
be employed. Thus, the sequence of steps and the elements that
compose the planning may vary according to the didactic context
considered. The approach is not tied to a specific curriculum or to
a predefined sequence of Software Engineering topics. In its initial
conception, the approach prioritized the cognitive perspective of
EBL, especially through the use of Worked Examples and Erroneous
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Worked Examples, with a focus on supporting lesson planning in
Software Engineering [4].

To enable the initial evaluation of the EXEMPLIFY-SEE approach,
a functional prototype was created to instantiate the process of plan-
ning example-based classes proposed in the approach [4]. In this
initial instantiation, the prototype was organized to support edu-
cators in defining strategies for theoretical classes, activities, and
feedback, in addition to providing a repository populated with some
examples to assist in preparing SE classes. The prototype’s main
objective was to illustrate that it is possible to reduce practical bar-
riers to the adoption of EBL by offering more systematic guidance
for educator planning.

The preliminary evidence associated with this instantiation indi-
cated positive perceptions regarding the potential of the portal pro-
totype to support lesson planning. Among the aspects highlighted
were the usefulness of the proposal, the clarity of the workflows,
ease of use, and the support offered to educators in organizing
strategies for adopting EBL in SE [4]. These results suggest that
the initial instantiation of the portal contributed to making the ap-
proach more accessible to teaching practice, especially by offering
an explicit structure for planning classes supported by examples.

Although the initial instantiation of the EXEMPLIFY-SEE ap-
proach through the prototype made it possible to identify positive
preliminary evidence, it still did not offer sufficient support for
the complete adoption of the approach in situations of continuous
use. Its main limitation lay in the incompleteness of its computa-
tional support, since functionalities planned to support the use of
the approach were not available in the prototype, restricting the
operationalization of the approach and the user experience.

Among the aspects that required improvement, usability en-
hancements and the incorporation of mechanisms that would favor
continuity of use stood out, such as user authentication, persis-
tence of the choices made during the construction of the lesson
plan, export of lesson plans in PDF format, and availability of an
English version of the portal. The need for additional resources
for the example repository also became evident, including evalu-
ation mechanisms and better support for organizing and reusing
materials. Together, these elements indicated that the advancement
of the approach depended mainly on improving its computational
instantiation, which motivated the development of the portal aimed
at strengthening support for planning example-based classes in SE
education, which is the core of the present work.

3 The EXEMPLIFY-SEE Portal

The portal for supporting educator planning with EBL ! was de-
veloped to expand support for planning classes with EBL in SE
education, preserving the pedagogical basis of the approach and
concentrating the modifications on its computational instantiation.
In this sense, the portal aims to offer better conditions for educators
to organize didactic planning, revisit previously made decisions,
and continuously use the resources associated with the approach.
To this end, the environment brings together organized planning
workflows for theoretical classes, activities, and feedback, as well
as a repository of examples intended to support the selection and

The EXEMPLIFY-SEE portal can be accessed at: «omitted for blind review».
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reuse of materials during class preparation. The repository orga-
nizes examples gathered from previous studies, books, repositories,
and online SEE materials to support EBL-based lesson planning.
Figure ?? presents the tutorial screen of the portal, in which these
workflows are operationalized through the axes of the approach,
customization questions, and step suggestions. The interface il-
lustrates how the choices made by educators are converted into
guidance for constructing activities with EBL. In addition to the
workflow guided by the tutorial, the sidebar menu allows direct
access to the steps of the approach, the repository of examples, and
the English version of the portal.

Menu | ACTIVITIES

Axes

A Home Select the options.
Tutorial Do you want to work with correct or incorrect examples?

@ Correct O Incorrect

¢ ©

Teaching Theory

Select the students level.
Activities

Questions

o

Beginner: Student who has not completed exercises on the content.

Intermediate: Student has already completed exercises on the content.
Feedbacks

O Beginner & Intermediate
Repository

Do you want to combine this activity with another using incorrect examples?

[ ]

Versio em Portugués
O Yes @ No

Recommended steps.
® Choose the example

The teacher selects positive examples of a specific model. If there are no
examples available, perform a search in the Example Repository,

Suggestions

® Teaching of examples

The teacher explains the positive example to the students

Figure 1: Annotated screen of the EXEMPLIFY-SEE portal

In this context, the portal offers user authentication resources,
with support for login, registration, and access through a Google
account, as well as mechanisms for the persistence of choices
made during planning. As a result, the portal began to allow
continuous and individualized use, enabling educators to later re-
sume the decisions recorded in the environment. Associated with
this process, the portal allows the export of the lesson plan in
PDF format, enabling the planning constructed in the portal to be
converted into an artifact directly usable in teaching practice. These
functionalities respond to limitations of the prototype, which still
offered only partial support for recurrent use of the environment
and for consolidating the planning prepared by educators.

The portal also offers an English version, expanding the pos-
sibilities of access to the environment and reducing a restriction
present in the prototype, whose interface was limited to Portuguese.
In addition, the repository now includes a larger number of exam-
ples, strengthening support for educators in selecting and reusing
materials for planning classes with EBL. This aspect is particularly
relevant because the availability of appropriate examples consti-
tutes one of the central elements for sustaining the operationaliza-
tion of the approach in the context of didactic planning.

Finally, the repository offers a mechanism for the star-based
evaluation of examples available in the repository. This func-
tionality offers an additional form of interaction between educators
and the cataloged materials, allowing them to assign evaluations
to the examples consulted during planning. Thus, in addition to
making materials available, the repository includes a resource that
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can assist educators in identifying examples that are potentially
more useful for planning classes with EBL. Together, these modifi-
cations contribute to expanding the conditions for operationalizing
the approach through the portal, reinforcing its role as support for
educator planning in SE.

To make the type of support offered by the portal more con-
crete, Table 1 presents an excerpt from a lesson plan prepared by
one of the study participants, focusing on the elements structured
with support from the portal. In the case presented, the portal was
used to define the sequence of class steps and to select, from the
repository available in the environment, an example of a hospital
management system to be used during the activity. The complete
link to this example is available in the study’s supplementary mate-
rial [5]. The table shows how the portal supports the organization
of planning with EBL by presenting a predefined sequence of steps,
whose composition is shaped by the choices made by the educator
throughout the planning workflow, such as the type of activity, the
use of examples, and feedback strategies.

Table 1: Excerpt of the planning elements structured with
support from the EXEMPLIFY-SEE portal

Lesson plan characterization: Class on Class Diagram, planned for the Soft-
ware Engineering I course, in an undergraduate Information Systems program,
with a workload of 4 class hours.

Sequence of steps defined with support from the portal:

(1) Lecture: presentation of the fundamental concepts of object-oriented soft-
ware modeling and the importance of the class diagram in UML, with prior
sharing of supporting material.

(2) Explain examples of the concepts taught: use of practical examples
to illustrate the application of the concepts discussed, relating the content to
concrete situations.

(3) Choose the example: selection of a practical example to be demonstrated
to students.

(4) Demonstration: demonstration of how to construct the class diagram for
the chosen example, showing how to identify classes, attributes, methods, and
relationships.

(5) Present a domain: presentation of a specific domain for modeling, with a
description of the system’s operation and the entities involved.

(6) Perform the modeling: students perform the modeling of the class diagram
for the domain provided.

(7) Demonstration of the correct modeling: presentation of the correct
modeling for the proposed domain, after the activity performed by the students.
(8) Diagram correction: correction of the diagrams by students based on the
demonstration performed.

(9) Feedback: submission of the corrected diagrams and provision of individu-
alized feedback.

4 Research Methodology

This study aimed to analyze educators’ perceptions of the EXEMPLI-
FY-SEE portal as support for planning classes with EBL in SE edu-
cation. To this end, the following research questions were defined:
¢ RQ1 - To what extent do educators perceive the EXEM-
PLIFY-SEE portal as effective in supporting EBL-based
lesson planning in SE education? This question seeks
to investigate whether educators consider that the portal
provides effective support for organizing didactic planning
with EBL.
¢ RQ2 - What contributions, limitations, and improve-
ment opportunities do educators identify when using
the EXEMPLIFY-SEE portal? This question seeks to iden-
tify positive and negative perceptions of the portal, as well
as improvement suggestions related to its use as support for
planning classes with EBL.

Bonetti et al.

To answer these questions, an exploratory study was conducted in
which educators used the portal to prepare a lesson plan and then
answered a questionnaire based on the Technology Acceptance
Model (TAM) and participated in a feedback interview. This design
made it possible to gather quantitative and qualitative evidence on
the support offered by the new version of the portal for planning
classes with EBL.

4.1 Participants

The participants in this study were educators invited by email and
selected by convenience, according to their availability to partic-
ipate in the proposed activities. The evaluation was conducted
remotely, and participants received instructions for carrying out
each stage of the study. The sample did not require prior experience
with EBL, since the proposal also seeks to support educators with
less familiarity with this active methodology. On the other hand,
participants were required to work in higher education courses in
the Computing area, especially in contexts related to SE education
and software modeling.

In total, eight educators participated, affiliated with seven public
universities located in six Brazilian states. The complete charac-
terization of the participants is presented in the supplementary
material [5]. Regarding experience teaching software modeling,
most participants had a consolidated trajectory in the area, with
62.5% (5/8) having ten or more years of experience. Participants
were also characterized in terms of their previous use of active
methodologies and EBL. In this respect, the sample was observed to
be composed mostly of educators with experience in active method-
ologies, corresponding to 87.5% (7/8) of the participants. On the
other hand, only 12.5% (1/8) reported prior experience with EBL,
which is particularly relevant given the portal’s objective of sup-
porting lesson planning with this methodology.

4.2 Study Protocol

After accepting the consent form and completing the characteriza-
tion form, the educators proceeded to the execution of the study.
The adopted protocol comprised the stages presented in Figure ??:
instructional video, lesson plan construction, TAM questionnaire,
feedback interview, and analysis of the results. All stages were
conducted remotely.

O \
Bessuo ‘ e
[©) [ g all
‘ | . g [ C{TAM)
| Instructlonul Lesson Plan TAM
| video | | Construction Questionnaire InterVIe 3

Q J

Analysis

Figure 2: Sequence of Activities in the Exploratory Study

Instructional video: In the first stage, participants watched a
video with guidance on the approach and on the use of the portal.
This material aimed to present the main elements necessary for
educators to use the environment in planning classes with EBL.

Lesson plan construction: Next, the educators used the portal
to prepare a lesson plan focused on teaching software modeling.
In this stage, participants went through the workflows available
in the portal and selected the options most appropriate to their
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didactic context. During this activity, there was no direct interaction
between the researchers and the participants.

TAM Evaluation Questionnaire: After constructing the les-
son plan, participants answered a questionnaire based on the TAM,
proposed by Davis et al. [9]. The instrument was organized into
three indicators. The first, Perceived Usefulness (PU), consisted of
four statements aimed at analyzing the extent to which participants
perceived that the portal could improve their performance in plan-
ning classes with EBL. The second, Perceived Ease of Use (PEU),
also with four statements, sought to analyze educators’ perceptions
of the effort required to use the technology. The third, Perceived
Intention to Use (IU), consisted of three statements related to the
future intention to use the portal. Responses were recorded on a
five-point Likert scale, ranging from “Strongly agree” to “Strongly
disagree” The complete set of statements used in the questionnaire
is available as supplementary material in [5].

Feedback Interview: After completing the evaluation question-
naire, the educators participated in a semi-structured interview, con-
ducted remotely via Google Meet, recorded, and later transcribed
for analysis. The interview addressed participants’ perceptions of
the use of EBL in teaching software modeling, as well as positive
and negative aspects observed in the use of the portal, difficulties
encountered, and suggestions for improvement. The complete inter-
view script and the anonymized interview transcripts are available
in the supplementary material in [5].

Results Analysis: The qualitative data from the interviews
were analyzed based on the coding procedures proposed by Strauss
and Corbin [30]. The objective of this stage was to code, catego-
rize, and synthesize the data in order to identify positive aspects,
limitations, and suggestions perceived by educators after using the
portal. Initially, the interview recordings were fully transcribed.
Then, the Taguette tool was used to support the organization and
synthesis of the data. The analysis began with the application of
open coding to the transcripts. The coding process was conducted
by one researcher and later discussed in meetings with the research
team, with the objective of reducing possible interpretive biases.
An illustrative example of the coding procedure is also available in
the supplementary material in [5].

5 Results
5.1 Quantitative Results

Figure ?? presents the educators’ perceptions obtained from the
responses to the TAM questionnaire. Items PU1 to PU4 of the ques-
tionnaire are related to the Perceived Usefulness of the portal. All
items associated with this indicator showed 75% or more agreement
(“Strongly agree” and “Agree”). This indicates that participants per-
ceived the portal as a useful resource to support lesson planning
with EBL in the context of SE education. The item with the highest
level of agreement was PU2, with 100% agreement (“Strongly agree”
and “Agree”). This item assesses the extent to which educators per-
ceive that the portal can increase their productivity in adopting
EBL. This result suggests that the portal was perceived as a resource
capable of making the preparation of classes with this methodology
more efficient. Items PU1, PU3, and PU4 showed 75% agreement, in-
dicating that most educators also perceived the portal as useful for
improving planning performance, understanding aspects of their
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own teaching experience with EBL, and supporting the reporting
of this experience. Taken together, these results suggest that the
portal was perceived as useful for supporting different dimensions

of educator planning with EBL.

PU1, 12%

" o _ 100%

P o i _ 7%

'

e o b _ oo
PEU1 0% 100%
PEU2 0% 100%
PEU3 0% 100%
PEU4 0% 100%
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'
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100 50 0 50 100
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Figure 3: Educators’ perceptions of the portal

Items PEU1 to PEU4 of the questionnaire are related to the Per-
ceived Ease of Use of the portal. All these items showed 100%
agreement (“Strongly agree” and “Agree”), indicating that partici-
pants perceived the portal as easy to use. The item with the highest
percentage of “Strongly agree” responses was PEU2, related to the
mental effort required to use the portal, with 88% of responses in
this category. Items PEU1, PEU3, and PEU4 also showed high levels
of agreement, suggesting that educators perceived the portal as
clear, understandable, and intuitive to use. These results indicate
that the portal was perceived as accessible in terms of interaction,
which is particularly relevant in a proposal aimed at supporting
educators with different levels of familiarity with EBL.

Items IU1 to IU3 of the questionnaire assess the Perceived In-
tention to Use of the portal. All items in this category showed 62%
or more agreement, indicating that most participants expressed an
intention to use the portal to plan classes with EBL. Items IU1 and
IU2, which address the intention and likelihood of use assuming
that educators have access to the portal, reached 75% agreement.
This suggests that most participants consider using the portal in fu-
ture didactic planning situations. Item IU3, related to the intention
to use it in the next month, showed the lowest level of agreement,
with 62%. This result suggests that, although most educators demon-
strated a favorable predisposition toward using the portal, some of
them may have restrictions or uncertainties regarding the immedi-
ate use of the tool, possibly due to contextual factors related to the
academic calendar, course planning, or time availability.

5.2 Qualitative Results

The categories presented in this section were derived from the
codes identified during the interview coding process. Figure ?? sum-
marizes the main positive aspects, limitations, and improvement
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suggestions mentioned by the educators. Although these findings
were initially coded according to their positive, negative, or sugges-
tive polarity, their presentation in this section was reorganized into
two analytical dimensions. The first brings together perceptions
related to usability and the interaction experience with the portal.
The second groups perceptions related to the pedagogical support
offered to educators in planning classes with EBL. This reorgani-
zation makes it possible to show more clearly how the portal was
perceived both as a computational artifact and as a resource to
support educator planning.

POSITIVE ASPECTS s NEGATIVE ASPECTS
« Intuitive usability (7) « Issues accessing the

« Example repository (6) example repository (4)

« Intuitive and clear workflows (5) « Few examples in the repository (3)

« Optimizes planning time (4) « Rigid workflows (3)

« Helps structure lesson plans (3) « Fragmented navigation (3)

« Supports beginner teachers (3) « Insufficient pedagogical detail (3)

« Methodological rigor (2) « Unclear terminology (2)

QUALITATIVE
RESULTS
!

SUGGESTIONS
« Greater flexibility of choices (4) =

« Collaborative example repository (3)

+ Database of validated lesson plans (3)
« Include contextual help (3)

« Include time estimates (1)

- Include objectives field (1)

« More direct links (1)

Figure 4: Summary of positive aspects, negative aspects, and
suggestions based on educators’ perceptions.

5.2.1 Usability and interaction experience with the portal.
A first dimension of the qualitative results refers to usability and
the interaction experience with the portal. The portal’s intuitive
usability was the most recurring positive aspect. Participants re-
ported that the environment is simple to use, pleasant, and easy to
navigate, which contributed to an interaction experience without
significant difficulties. In one statement, the tool was described as
“simple to use, super pleasant” — P01; in another, the navigation flow
was characterized as “very smooth” — P08. These results converge
with the quantitative findings related to perceived ease of use and
reinforce the positive evaluation of the portal in terms of interac-
tion. In addition to general usability, another frequently mentioned
positive aspect was the presence of intuitive and clear work-
flows. Participants reported that the step-by-step process is easy to
follow and makes sense for preparing classes with EBL. One educa-
tor stated that “the flow of questions that lead you to the plan is very
straightforward” — P1. Similarly, another participant highlighted: 7T
liked the flow that is here” and added that “this guide that guides us
with these questions is very interesting” — P4. It was also reported
that “the workflows help organize ideas” — P6 and that they “consti-
tute a step-by-step process that is intuitive for classroom application™
— P7. These reports suggest that the clarity of the workflows was
perceived as an important contribution, both for guiding planning
and for making the proposal more understandable to educators.
Despite this positive evaluation, the educators also identified
limitations related to the interaction experience. Among the re-
ported limitations, problems accessing the example repository
appeared recurrently. In the portal, the repository made materi-
als available through external links, and participants mentioned
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difficulties in accessing some of these resources, mainly due to
broken links or incorrect redirects. In one statement, an educator
reported that “there was a diagram that did not open” and that, in
another case, “the link was wrong” — P1. These reports indicate that,
although the repository was perceived as a relevant component, its
use was still hindered by failures in external access to part of the
materials made available.

Problems related to unclear terms were also reported, espe-
cially in items of the workflow and in concepts presented in the
environment. Participants indicated that some names used in the
portal made it difficult to immediately understand what was be-
ing requested or explained. One educator, for example, stated that
they found the use of the term “tutorial” strange in that context
- P5, while another reported difficulty understanding expressions
such as “socio-cognitive perspective” — P4, indicating that certain
concepts were not immediately clear at first contact. These reports
indicate that part of the difficulties in use was associated less with
the general logic of the proposal and more with the way certain
elements were named and presented. This perception is connected
to an aspect also mentioned in the interviews, described here as
fragmented navigation. In this case, participants reported dif-
ficulties in better understanding the sequencing between stages
and in following, in a more integrated way, the construction of the
lesson plan throughout navigation. One educator observed that, at
certain moments, “this sequencing is not very good” and questioned
the excessive division into tabs, stating that they could not clearly
perceive “how my plan as a whole is changing” — P01. These re-
ports suggest that, for some educators, interaction with the portal
still presented points of discontinuity that affected the fluidity of
planning.

The educators’ suggestions reinforce this interpretation. Im-
provements were proposed, such as the inclusion of contex-
tual help and explanation of terms. In this case, participants
suggested mechanisms that would make some concepts and ques-
tions presented in the portal workflow clearer. One participant
reported initial difficulty in understanding expressions such as
socio-cognitive perspective, noting that the meaning only became
clearer when additional information about this point was presented
- P4. Based on this experience, the same participant suggested in-
cluding “a help item or icon just explaining the question better” — P4.
Similarly, another educator indicated that, “although complemen-
tary readings may be useful, it would be important for the portal itself
to provide a little more beyond this text that you placed there” — P6.
These reports suggest that the inclusion of contextual help and addi-
tional explanations within the environment itself can make the use
of the portal clearer and more accessible to educators. Another sug-
gestion was the inclusion of more direct links throughout the
navigation flow. In this case, participants proposed that materials,
examples, and resources mentioned in the step-by-step process
could be accessed without requiring additional searches in other
parts of the portal or outside it. One educator stated that “it would
be better to place the links in the middle of the step-by-step process so
that the teacher could follow the planning more directly” — P5. This
suggestion indicates that punctual improvements in the integration
between the workflow and support resources can make the user
experience more fluid.
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5.2.2 Pedagogical support for educator planning with EBL.
The second dimension of the qualitative results refers to the peda-
gogical support offered by the portal for educator planning with
EBL. This dimension brings together the findings most directly
associated with the objective of the portal, that is, supporting edu-
cators in organizing example-based classes in SE education. Among
the positive aspects perceived by educators, helps script the class
was one of the most recurrent. Participants associated the portal
with the possibility of better organizing ideas, structuring the plan-
ning stages, and making more explicit the elements that need to
be considered when preparing classes with EBL. In one statement,
an educator highlighted that the proposal “allows us to outline a
script... it facilitates the teacher’s work” — P02, while another stated
that the portal “already brings you an organization of ideas, of how
you should do it”. - P06. This perception also appeared linked to
the idea of methodological rigor, although less frequently. For
one participant, the step-by-step process provided by the portal
contributes to keeping class preparation more aligned with the
principles of EBL, reducing uncertainties about how to apply the
methodology consistently. One educator stated that this was “the
main point of the approach”, because it represented “a guarantee
that I am following the example-based learning process in the formal
way” — P05. This result suggests that the portal was perceived not
only as a resource to support the organization of educators’ work,
but also as support for methodologically oriented planning.
Educators also reported that the portal optimizes planning
time. This aspect was associated with the fact that the portal offers
a more direct path for class preparation, preventing educators from
having to search on their own, across different sources, for how
to apply the methodology. One participant stated that having “a
well-defined step-by-step process made it faster” — P05, while another
highlighted that, without this support, they would have to “spend
time, search, investigate” — P08. This result suggests that the portal
was perceived as a resource capable of making planning more
agile, without giving up methodological support. The usefulness
of the portal was also associated with the fact that it supports
novice educators. Participants emphasized that the portal can
be particularly useful for teachers with little experience, whether
in teaching in general or in preparing lesson plans with EBL. In
different statements, the tool was associated with more explicit
guidance on how to structure the class. One participant observed
that it is “very useful especially for those who are starting to teach” -
P01, while another highlighted that it “helps a lot, especially for those
who do not have much experience creating lesson plans” — P07. The
portal was perceived as a support resource that can reduce initial
insecurity and provide greater direction in the class preparation.
In this same dimension, participants emphasized the presence of
a repository of examples as an important positive aspect. This
resource was associated with the possibility of accessing examples
more immediately during planning, reducing the need for external
searches for materials. One educator observed that “many times we

end up looking for other examples, but they are not so readily available”

- P06, while another highlighted as a positive point the fact that
the portal already provides a repository in which it is possible to
“go directly there to check the example” — P08. These reports indicate
that the repository was perceived as a relevant component of the

SBES 2026, September 8-11, 2026, Sao Paulo, SP, Brazil

pedagogical support offered by the portal, supporting the selection
of materials consistent with the EBL proposal.

Despite these positive aspects, educators also pointed out limi-
tations directly related to pedagogical support. One of them was
the presence of few examples in the repository. Participants
reported that the number of available materials was still limited,
which restricted the possibilities for consulting and selecting ex-
amples during the planning of classes with EBL. One educator
highlighted as a negative point that “the environment is still lacking
several other examples” — P5. Similarly, another participant observed
that “it would be important to have more examples”, although she also
recognized the difficulty of populating this type of database — P7.
These reports suggest that, although the repository is perceived as
useful, its coverage was still considered insufficient to broadly meet
educators’ needs. The presence of rigid workflows was also re-
ported, associated with the perception that the portal offers limited
possibilities for combining pedagogical choices. Participants re-
ported that, at certain moments, planning decisions were restricted
to binary answers or to only one option per stage, which reduced
educators’ flexibility to compose the class according to their needs.
In one statement, an educator observed that some questions could
“have more options that were not simply yes or no” — P1. Reports such
as this indicate that the portal still presents limitations regarding
the flexibility offered to educators during class preparation.

Another negative aspect identified was the insufficient peda-
gogical detailing in some points of the planning process. Partici-
pants reported the absence of elements that could make the lesson
plan more specific from a pedagogical point of view, such as fields
for specifying objectives or more concrete support for defining the
workload. One educator observed that “there is no plan without
objectives” — P1. Another highlighted that, for early-career teachers,
‘estimating the appropriate duration of each stage can be difficult”
— P5. These reports indicate that, although the portal organizes
planning, there is still room to expand the pedagogical detailing
offered to educators.

The improvement suggestions reinforce this reading. Among the
suggestions, one of the most recurrent was the need for greater
flexibility of choices throughout planning. Participants suggested
that the portal should allow alternatives to be combined within the
same stage, as well as allow certain elements of the workflow to
be reorganized according to educators’ needs. In one statement, an
educator proposed “giving the teacher the chance to reorder the steps’
- P1. Similarly, another participant suggested “allowing more than
one choice in situations in which the teacher wishes to combine strate-
gies such as individual presentation and seminar” — P5. Together,
these reports indicate that expanding the flexibility of the workflow
can make planning more adherent to different didactic contexts.

Another important suggestion was the inclusion of time es-
timates and objectives in the lesson plan. Participants indicated
that these elements could make planning more complete and more
usable in teaching practice. One educator suggested the “inclusion
of a specific field to record the objectives of the class” — P1. In the
same direction, another participant proposed “implementing this
issue of workload for the example and presenting, at the end, a sum
of the expected time for the activities” — P5. These reports suggest
that making objectives explicit and supporting the temporal distri-
bution of stages can make the lesson plan more concrete and more

2]
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useful for educators. Participants also suggested the creation of a
collaborative repository of examples. This proposal appeared
associated with the possibility of increasing the amount of avail-
able materials and reducing dependencies on access to external
links. One educator suggested “opening this repository so that people
can submit examples used in the classroom” — P8. In addition, there
was the suggestion to “make the materials available in spaces such
as Drive or GitHub, to make it easier for us to access them and not
run the risk of them going offline” — P7. These statements indicate
that participants envision a more dynamic repository, expanded
collaboratively and with more stable forms of access.

Finally, another relevant suggestion was the availability of a
repository of validated lesson plans. Participants indicated that
examples of already completed plans, produced by other educators,
could serve as concrete references to support the use of the portal
and the preparation of classes with EBL. One educator suggested
“an example of a template of a lesson plan from a real case already
completed in the system” — P2. Another participant proposed that
the plans should remain in an internal repository, accompanied
by comments from the educators themselves about their use — P6.
Similarly, it was also suggested to “make an example lesson plan
available within your platform” — P8. Together, these statements
suggest that making already prepared plans available can offer
additional support to educators, especially in situations of lower
familiarity with the methodology or with the portal itself.

6 Discussion

6.1 Educators’ perceptions of support for lesson
planning with EBL (RQ1)
The results for Perceived Usefulness indicate that educators con-
sidered the portal useful for planning classes with EBL. All items
associated with this indicator showed 75% or more agreement, with
emphasis on PU2, which reached 100% agreement and refers to in-
creased productivity in using the portal. These results suggest that
the EXEMPLIFY-SEE portal was perceived as a resource capable
of supporting different dimensions of didactic planning, including
class organization, understanding one’s own experience with the
methodology, and more efficient preparation of activities with EBL.
The qualitative results complement this interpretation by show-
ing how this support was perceived in practice. In the dimension
of pedagogical support for educator planning, participants high-
lighted that the portal helps script the class, optimizes planning
time, supports novice educators, and contributes to greater
methodological rigor. Taken together, these findings suggest
that the portal was perceived as a relevant pedagogical support
for transforming planning into a more structured process that is
less dependent on improvised decisions. This point is particularly
important because it suggests that the approach remained stable as
the pedagogical core, while the portal strengthened its operational-
ization by offering greater clarity, continuity, and direction to the
planning process.

The results suggest that the portal supports planning with
EBL by offering structure, methodological guidance, and
support for organizing educators’ pedagogical decisions.
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The repository of examples also contributes to this perception
of effectiveness. Although it can be seen as a functionality of the
portal, the qualitative reports indicate that educators understood it
as a pedagogical support resource for planning, as it reduces the
need for external searches for materials and favors the selection of
examples during class preparation. Thus, the repository acts as a
relevant component of the support offered by the portal, especially
because the availability of appropriate examples is an important
condition for adopting EBL in SE education.

The dimension of usability and interaction experience reinforces
this interpretation, but in a complementary role. The results for
Perceived Ease of Use show that all items in this category reached
100% agreement, indicating that participants perceived the portal
as clear, understandable, and intuitive. The qualitative results also
indicate that the workflows were perceived as intuitive and clear,
favoring an initial understanding of how the portal works. Thus,
positive usability contributed to enabling educators to focus on
pedagogical planning, rather than facing operational difficulties in
using the environment.

The results indicate that the portal’s positive usability favors
its adoption by reducing interaction barriers during educator
planning.

Regarding Perceived Intention to Use, the results showed a
favorable, although more moderate, predisposition toward future
use of the portal. Items IU1 and IU2, related to the intention and
likelihood of using the portal, reached 75% agreement, while IU3,
which assesses the intention to use the portal in the short term,
showed 62%. This result suggests that, although educators recog-
nized value in the portal and considered its use plausible in future
planning situations, the more immediate incorporation of the por-
tal was not yet equally consolidated. The qualitative results help
explain this difference. Aspects such as rigid workflows, unclear
terms, problems accessing the repository, and insufficient pedagog-
ical detailing indicate that the user experience, although generally
positive, still presents points that may restrict the prompt and con-
tinuous adoption of the environment. Thus, the lower agreement
in IU3 suggests that the portal, despite its advances, still requires
refinements to become more fluid, flexible, and complete as support
for planning with EBL.

The results suggest that educators perceived the portal as
offering relevant support for planning with EBL, although its
immediate adoption may still depend on greater flexibility,
pedagogical detailing, and stability of the available resources.

Answer to RQ1: Educators perceived the EXEMPLIFY-SEE por-
tal as effective in supporting lesson planning with EBL in SE. The
quantitative evidence shows positive perceptions of usefulness, ease
of use, and a favorable predisposition toward future use, while the
qualitative results indicate that the portal contributes to structuring
planning, guiding educators, and especially supporting educators
with less experience. At the same time, the lower intention to use it
in the short term and the negative aspects identified show that there
are still opportunities for refinement to strengthen this support.
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6.2 Contributions, limitations, and
opportunities for improving the
EXEMPLIFY-SEE portal (RQ2)

The results indicate that the portal was perceived positively, espe-
cially in two complementary dimensions. The first refers to usability
and the interaction experience with the environment. The second
refers to the pedagogical support offered to educators during lesson
planning with EBL. This distinction makes it possible to understand
that the portal was evaluated both as a computational artifact and
as a resource to support educator planning. In the dimension of
usability and interaction experience, educators perceived the
portal predominantly positively. This interpretation is supported
both by the quantitative results, which indicated positive evalua-
tions of perceived ease of use, and by the qualitative results, in
which categories such as intuitive usability and intuitive and
clear workflows stood out. Taken together, these findings suggest
that the portal was perceived as a clear, accessible, and understand-
able environment, capable of supporting educators in navigating
the planning workflows.

At the same time, the results also show that this dimension still
presents limitations. Perceptions of unclear terms, fragmented
navigation, and problems accessing the repository indicate
that strengthening the computational support did not eliminate
all points of friction in the user experience. These results suggest
that the portal expanded the conditions for operationalizing the
approach, but that there is still room to make the interaction more
fluid, clear, and integrated.

The results suggest that the portal was perceived as clear and
intuitive, although adjustments to navigation, terminology,
and access to resources could still improve the user
experience.

In the dimension of pedagogical support, the results appeared
less as a change in the basis of the approach and more as a strength-
ening of the support offered to educators during planning. Cate-
gories such as helps script the class, optimizes planning time,
supports novice educators, and methodological rigor indicate
that participants perceived the portal as a resource that makes
stages explicit, guides decisions, and reduces the initial effort re-
quired to adopt EBL, especially in contexts in which educators do
not yet have a consolidated repertoire for this type of planning.
Thus, the results suggest that the portal contributed to making the
operationalization of the approach clearer, more directed, and more
sustainable in teaching practice.

The results suggest that the portal offers structured support
for planning with EBL, strengthening the pedagogical
support offered to educators and reducing the initial effort
required to adopt the methodology.

The repository of examples also composes this pedagogical
dimension, as it was perceived by educators as a resource to support
the selection and reuse of materials during planning. Participants
valued the possibility of accessing examples more directly, which

SBES 2026, September 8-11, 2026, Sao Paulo, SP, Brazil

may reduce part of the effort required to prepare activities with
EBL. This is particularly relevant because one of the fronts of por-
tal evolution focused on the repository, with the inclusion of new
examples and evaluation mechanisms. The qualitative reports there-
fore show that this advancement was perceived, but that it was still
not sufficient to fully resolve issues of access, stability, and diversity
of the materials made available.

This same pattern appears in other dimensions of planning. Al-
though the portal advanced by incorporating mechanisms for per-
sistence and export of the lesson plan, reports on insufficient
pedagogical detailing show that the consolidation of the plan can
still be improved, especially with regard to making objectives ex-
plicit and distributing the time of activities. Similarly, perceptions of
rigid workflows indicate that the portal can still offer greater flex-
ibility so that educators can combine strategies, reorganize stages,
and adapt planning to different didactic contexts.

The improvement suggestions detail more clearly how educators
envision this next stage of evolution. The proposals for greater
flexibility of choices, inclusion of time estimates and objectives,
contextual help and explanation of terms, a collaborative repository
of examples, and a repository of validated lesson plans indicate that
participants do not see the portal as a finished artifact, but as a
promising basis for future development. This point is important
because it reinforces the interpretation that the approach remained
stable as the pedagogical core, while the portal is configured as
a means of expanding its applicability and adherence to the real
needs of educator planning.

The limitations and suggestions identified show that the
portal expanded the support offered for planning with EBL,
but that components such as the repository, workflow
flexibility, plan consolidation, and contextual help can still be
improved in future versions.

Answer to RQ2: Educators perceived the second version of the
EXEMPLIFY-SEE portal positively, especially regarding support for
planning, the clarity of the workflows, and the usability of the en-
vironment. Considering the limitations identified in the prototype,
the results suggest that the portal strengthened the operationaliza-
tion of the approach, especially by expanding the support offered to
educators during the preparation of classes with EBL. At the same
time, participants identified limitations related to the repository,
workflow flexibility, clarity of terms, and pedagogical detailing, in
addition to suggesting concrete improvements for future versions.
Taken together, these results indicate that the portal expanded the
computational and pedagogical support for the approach, although
important opportunities for refinement remain to strengthen its
flexibility, its integration with the repository, and its adherence to
the real needs of educator planning.

7 Threats to Validity

Regarding internal validity, participants knew they were eval-
uating a portal developed by the researchers, which may have
influenced their responses. To mitigate this threat, the study fol-
lowed standardized instructions, confidentiality was assured, and
the interviews used open-ended questions. Moreover, participants
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reported limitations, difficulties, and improvement suggestions, in-
dicating that they were able to critically evaluate the portal.

Regarding external validity, the study involved eight educators
selected by convenience, affiliated with Brazilian public universi-
ties, and the evaluation focused on planning software modeling
classes. Although the participants had different levels of teaching
experience and most had no prior experience with EBL, the results
should not be generalized to all SE educators, institutions, countries,
or SE topics.

Regarding construct validity, the study relied on a TAM ques-
tionnaire and semi-structured interviews to capture educators’ per-
ceptions of usefulness, ease of use, intention to use, contributions,
and limitations. Thus, the results should not be interpreted as ev-
idence of objective pedagogical effectiveness, learning gains, or
measured improvement in the quality of lesson plans.

Regarding conclusion validity, the small sample and the use
of descriptive quantitative analysis limit the strength of the con-
clusions. In addition, qualitative analysis involves researcher inter-
pretation. interpretation. This threat was mitigated by the use of
systematic coding procedures, based on [30], and by discussions
among the researchers throughout the analytical process. There-
fore, the findings should be interpreted as exploratory evidence of
educators’ perceptions of the portal.

8 Related Work

The literature on EBL in SE still presents few tools directly aimed at
supporting educators in preparing classes. There are different com-
putational artifacts that support teaching with EBL, such as portals,
repositories, web applications, and integrated environments [6].
However, when specifically considering support for educators, the
number of initiatives is more limited.

Within this scope, one of the closest works is that of Tonhao
et al. [34], which proposes a portal to catalog and structure Worked
Examples extracted from open-source projects. This portal was
designed to provide instructors with resources and references to
incorporate examples into their classes, serving as a centralized
platform through which SE educators can consult, access, and reuse
the cataloged examples. Another relevant initiative is OpenSMALS,
a repository that offers strategies and scenarios for teaching UML,
seeking to guide educators in preparing activities in this specific
context [26]. DEPTHS (Design Patterns Teaching Help System)
[14], in turn, integrates modeling resources, feedback, collaborative
annotation, and an online repository of patterns, offering a more
comprehensive environment to support teaching.

Other platforms support active learning methodologies from
broader perspectives. OpenPBL supports Problem-Based Learning
by helping educators organize PBL activities in a web-based envi-
ronment [21]. OpenMAIC, in turn, uses LLM-driven agents to create
interactive learning experiences, including classes, quizzes, simula-
tions, discussions, and project-based activities [20]. Although these
platforms provide relevant support for active learning, they differ
from EXEMPLIFY-SEE in scope and pedagogical focus. OpenPBL
focuses on organizing PBL activities, and OpenMAIC focuses on Al-
generated interactive learning experiences, whereas EXEMPLIFY-
SEE specifically supports the adoption of EBL in SEE through struc-
tured pedagogical workflows, lesson-planning support, and a repos-
itory of SE examples.
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Together, these works show relevant contributions to the provi-
sion, organization, and reuse of examples in SE education, as well
as to the broader support of active learning methodologies. Even
so, support for the pedagogical planning of EBL remains limited. In
this sense, the EXEMPLIFY-SEE approach and its portal differ by
supporting educators both in accessing examples and in the struc-
tured definition of steps for the class, integrating these different
elements into an educator-oriented workflow.

9 Conclusion

In this paper, we discussed the EXEMPLIFY-SEE portal, based on the
previously proposed approach to support EBL in SE education [4].
This portal was developed to expand the support offered to edu-
cators in planning classes with EBL. To evaluate it, we conducted
an exploratory study with eight educators from different Brazilian
universities, who used the portal to prepare a lesson plan and then
evaluated it through a TAM questionnaire and a feedback interview.
The results showed positive perceptions regarding usefulness, ease
of use, and potential support for educator planning, especially with
regard to class organization, clarity of the workflows, optimiza-
tion of preparation time, and support for educators with less prior
experience with EBL.

On the other hand, the results also showed that there is still room
for improvement in the portal. Among the main points identified
are limitations related to the repository of examples, workflow
flexibility, clarity of some terms, and pedagogical detailing of the
lesson plan. The suggestions raised by the participants include
greater flexibility of choices, inclusion of contextual help, expansion
and strengthening of the repository, as well as the availability of
validated lesson plans. As future work, we intend to incorporate
these improvements into new versions of the portal, as well as
to advance mechanisms that expand the sustainability of use of
the environment and the support offered to educator planning,
as well as to investigate the use of large language models (LLMs)
as complementary support for educator planning, especially in
generating drafts of lesson plans and in recommending and creating
examples aligned with the didactic objectives defined by educators.
We also consider as a future direction investigating the use of the
portal in other SE education contexts and analyzing, in a more
objective way, its effects on the quality of the lesson plans produced
and on students’ learning.

Artifact Availability

The artifacts are available in an anonymized repository [5]. The
material includes the data collection instruments, the TAM question-
naire, the interview script, the anonymized interview transcripts,
an example lesson plan, and an example of the coding procedure.
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