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Abstract. Teaching models are a very interesting area of study that can be applied to any
science. Finding the best way to transfer knowledge to students, so that they internalize
it and can successfully transfer it to the field, is key to the country building. This article
measures the quality of a teaching model that can be applied in physics or engineering, which
requires a correct theoretical foundation before addressing practical elements. Blended learning
is an approach to education that combines online educational materials and opportunities for
interaction online with traditional place-based classroom methods. This model was applied in
agile software architectures course and measured through an anonymous survey of students in
software architecture, who were enrolled for the periods 2015-2018. The results showed that
39.7% of the respondents considered that they learned better compared to face-to-face courses.

1. Introduction

Software architecture is a key component of education. However, teaching it is a difficult task
that requires overcoming challenges such as teamwork, technical and social skills, and realistic
contexts [1-5]. This is why his teaching has received much attention in both academia and
industry.

Several strategies have been suggested to improve the learning of software architecture, such
as: inclusion of agile methodologies [6-8], inverted classroom [8-10], capstone projects [11-13],
communication skills [3], comparison of data mining techniques [14], and architecturally savvy
personas [8]. However, despite the attention surrounding technical debt (TD) by both the
industry and academia, there is still a lack of empirical evidence about the effectiveness of these
practices.

In the agile software architectures master course, the blended learning methodology was used.
The course consists of six face-to-face classes, and nine virtual classes, focused on the design of a
software architecture for a real industry problem, through the application of agile methodologies.
But, it is also required to evaluate if this strategy was suitable for this course, and in general,
for software architecture courses.

Given the aforementioned requirement, the goal of this study is to find out if the skills taught
in class manage to stay with the students long after they have finished the course through
a blended learning methodology. With this learning methodology, we seek to reinforce a set
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of skills that we believe a student of this course should develop: self-learning, self-criticism,
teamwork, problem solving and professional development. The motivation behind this research
is twofold: (1) to evaluate the student’s perception of whether the course, in blended learning
mode, supports the development of the skills we believe a software architect should have; and
(2) to evaluate whether this model allows students to better learn the concepts taught in the
agile software architecture course. For this, a survey was applied to all students who have taken
the course. A total of 63 students responded to the survey. The results showed that 39.7% of the
respondents considered that they learned better compared to face-to-face courses. Additionally,
the most valued aspect of respondents was the use of industry problems.

Results showed that students agreed on the importance and satisfaction of using this blended
teaching technique to learn about software architecture. However, its effectiveness could not be
demonstrated. This could be caused by the few face-to-face classes of the course. These results
could help software architecture instructors in selecting the best possible strategy to improve
the teaching process. This way, on a bigger scale, this could be traduced to better future
professionals to deal with current challenges in the software industry. Companies increasingly
need qualified professionals, including software architects.

Following we describe the course design in section 2. We present the followed methodology
for the survey in section 3. Our results are presented in section 4. Discussion and conclusions
are presented in section 5.

2. Course design

In this section, we describe the context of the agile software architectures course using the
following situational factors: general context, specific context, nature of the subject and
characteristics of the learners.

e General context of the learning situation. The training of software architects is usually the
result of several years of work experience and participation in information technology (IT)
projects. To meet industry requirements, our university initiated a master’s degree in IT
architecture, and with it, the agile software architectures course. By the end of 2017, more
than 180 students had graduated as I'T architects.

e Specific context of the learning situation. This course in software architecture was designed
with two main objectives: (i), following an agile approach and, (ii), implementing a blended
learning methodology. The course is focused on designing the architecture of a software
system as proposed by an actual company and with real stakeholders. Students implement
five sprints during the semester, performing an incremental design of their architecture.

e Nature of the subject. During each sprint, students design for a particular quality attribute.
This implies that they must read and investigate the different aspects necessary to solve a
particular challenge. Once they have a design, critical decisions are tested, implementing
and deploying prototypes to measure whether or not quality requirements are met.

e Characteristics of the learners. The objective public for this course is postgraduate 1T
students from both masters programs (IT architecture and software engineering), usually
in their middle twenties with 4 years of experience as developers or software architects.

3. Methodology

According to Easterbrook, et al. [15], selecting a research method will depend of the research
questions. Having selected them and considering the objectives of our study, we decided to use
a survey research instrument.
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3.1. Research questions
The paper aims to uncover if our blended teaching technique could be useful to improve the
learning process of software architecture. This work is guided by the following research questions

(RQ):

e RQ1: What is the students’ perception of the agile software architecture master’s course
regarding the blended learning methodology?

e RQ2: How does the blended learning methodology allow students to better learn the
concepts taught in the course?

3.2. Survey design

This survey collects individual opinions and preferences, and demographic information. It
is classified as exploratory and descriptive research because it focuses on the discovery of
perspectives, it was previously planned and structured, and the information collected can be
inferred statistically about a population. In this survey, the target population was limited to
professionals who took the agile software architecture course at our university. This survey
employed a non-probability sampling method because the population was selected based on the
subjective judgment of the researcher rather than random selection. Respondents were easily
accessible to the researchers in this survey. Snowball sampling was not considered.

3.8. Creating the questionnaire

Survey questions were based on our two research questions (see section 3.1). This survey
instrument was made up of 23 questions using Google forms: five closed-ended demographic
questions and eighteen specific questions; where sixteen are closed-ended questions related
to perception on blended learning methodology and two open-ended questions on general
perception.

The protocol of this survey was first refined iteratively by two authors. Then, the
questionnaire was reviewed externally by one professor in charge of the course, as well as two
practitioners on software architecture. We refine the survey instrument by having a pilot study
with five participants.

We conducted the survey in the period from August 28th, 2018 to September 12th, 2018.
The survey was sent by email including a welcome message explaining the purpose of the survey,
our affiliation and contact information. To keep the survey as simple as possible, we presented
all the questions on a single page.

3.4. Data analysis

For closed-ended questions (quantitative answers) we used descriptive statistics. Answers for
open-ended questions were analyzed using a code schema and extracting the main points to a
Excel sheet.

4. Results
In this section we present the student perception related to our blended teaching technique based
on the survey answers. The main survey findings are presented in Figures 1 to Figure 3.

4.1. Demographic data
We sent the survey to 227 students of the current and previous editions of the agile software
architectures course. In total 63 responses were received. This represents 27.7% of response
rate.

Related to their demographic information, most respondents (20 out of 63, 32%) were between
31 and 36 years old, followed by respondents between 26 an 30 years old (19 out of 63, 30%).
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Related to their gender, vast majority of respondents were male (57 out of 63, 90.5%). With
respect to their educational background, almost half of the respondents (31 out of 63, 49.2%)
hold a bachelor of science degree. About their role in their companies, most respondents selected
“development” (28 out of 63, 44.4%) as their main task, and “software architecture” follows
behind with 12 (19%) respondents. Finally, related to the domain of the companies where
respondents work, the vast majority of respondents reported working in “IT” or “technology”
(24 out of 63, 38.1%). “Government” (7 out of 63, 11.1%) and “finance” (6 out of 63, 9.5%)
were in second and third place respectively.

4.2. Students’ perception through closed-ended questions

In general terms, students agreed on the importance and satisfaction of using this methodology
to learn about software architecture (Figure 1). This agreement is evidenced by 46 positive
responses (strongly agree: 23; agree: 23). The effectiveness of this blended learning methodology
was the only question with a lower median than the other answers. Students prefer to be in
constant interaction with the professor in order to clarify issues or have a better understanding
of the concepts.

General course satisfaction f | |

A strategy based on sprints . | [ [
boosted your learning ! 1

This technique boosts your
problem-solving ability

This technique fosters your | | |
ability to deepen your learning l 1

This technique fosters your i [ |
teamwork skills I |

This technique encourages your | |
participation in class f | |

This technigue encourages | [ |
out-of-class material review

This technique was appropriate . [ |
for your professicnal development l 1

This course is best taught using | [
the mixed technique used f |

This technique fostered your
capacity for self-criticism.

Completed the course, you are still 5 " L [ |
learning about software architecture . 1

This technique fostered your | [
self-learning ability. f |

Strongly Disagree Neither Agree Strongly
Disagree Agree

Figure 1. Post-course level of agreement with the blended learning methodology.

This survey was looking to understand if the methodology used was useful to improve skills
such as self-criticism, self-learning, teamwork, problem-solving and professional development.
Below are presented the results for these skills.

e Self-learning. Almost 75% (39.7% agree and 34.9% strongly agree) of the respondents
were positive about this blended learning methodology supporting this skill. Only one (1)
respondent was strongly disagree with this question, however, this same respondent stated
that what he liked most about the course was precisely autonomous learning. This means
the student was curious enough to explore the topics by himself. In that sense, the course
did promote self-learning.
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e Self-criticism. Almost 75% of the respondents were positive about this blended teaching
technique supporting this skill. However, asking them what they liked most about the
course, most of the responses were focused on the teaching technique, the content of the
course and the industrial experience of the teacher. This means that the support of this
skill was a benefit derived from the teaching technique that was not consciously present in
students’ minds.

e Teamwork. In this skill, 36.5% of the respondents were agree (23 out of 63) and 30.2%
were strongly agree (19 out of 63). Teamwork is the collaborative effort of interdependent
individuals working together to achieve a common goal. This skill requires dealing with
others’ knowledge, attitude, and personality.

e Problem-solving. Problem-solving requires effective and continuous communication with
other peers. If this communication fails or becomes slow, there is a risk of losing the
continuity of the problem to be solved and failing to find the optimal solution. Almost 50%
(31 out of 63) of respondents were Agree that this blended teaching technique supports
this skill. Disagree and strongly disagree were 6.3% (4 out of 63) and 3.2% (2 out of 63)
respectively. Respondents in this group of negative perception criticized the small number
of face-to-face classes of the course.

e Professional development. Analysis of this skill is important because we want to know if the
knowledge taught in the class had an impact on their professional lives. In this question,
respondents strongly agree were 34.9% (22 out of 63) and respondents agree were 31.7%
(20 out of 63). Strongly disagree had 7.9% of respondents (5 out of 63).

4.8. Students’ perception through open-ended questions

Open-ended questions allow discovering responses spontaneously; avoiding the bias that may
result from suggesting responses to the interviewee. However, open-ended questions require a
coding system to organize the answers and allow their analysis.

In this survey, we used two open-ended perception questions (PQ): PQ1 (what do you think
could be improved from the course?) and PQ2 (what didn’t you like about the course?); the first
question had 34 valid answers, and the second question had 30 valid answers. It is important to
note that an answer could be codified into two or more categories because of its content.

4.3.1. PQ1 (what do you think could be improved from the course?). Answers where codified
into seven categories such as: more industry case studies, more communication with the
professor, more working material, more in-place classes, more homework, better organization
of class time and others (Figure 2).

More industry case studies
More communication
More working material
More in-place classes

More homework 3 answers

Organization of class time

Figure 2. Codification of answers for PQ1.

Based on the categories identified, we could establish that students request more real industry
case examples to be included in the course. Industry case studies allow students to understand
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the contexts under which architectural decisions were made. Sometimes, architects make sub-
optimal decisions but under certain conditions, they can result in successful decisions. Moreover,
it is clear that theory and practice do not always come together. Respondents also expressed their
need for better and more fluid communication with the professor. The formulation of questions
is part of the learning process, and many times, the answer to these questions is a fundamental
piece in the consolidation of knowledge. Therefore, a quick answer or communication with the
teacher will greatly benefit this learning process.

4.3.2. PQ2 (what didn’t you like about the course?). Answers where codified into six categories
such as: blended aspect, little interaction with the teacher, teacher’s assistant failures,
methodology, evaluation and others. Results of the codification can be seen in Figure 3.

Blended 9 answers
Little interaction
with professor
Teacher’'s assistant _
fEl"UI'ES 4 answers
Methodology
Evaluation

Figure 3. Codification of answers for PQ2.

The blended feature is a central aspect of our teaching technique. It is interesting to note
that this was the most criticized aspect. Unfortunately, a lot of respondents didn’t explain it, so
the answer keeps at the half. This uncertainty creates an opportunity to deepen understand why
students are uncomfortable with this aspect. “Teacher’s assistant failures” was an unexpected
category. We were expecting answers about the blended teaching technique and respondents
expressed their disapproval of the work done by the teacher’s assistant. This is evidence that
students evaluate a course from all perspectives. In addition, this category reinforces the concept
that open-ended questions allow the interviewer to find more than he/she anticipated.

5. Conclusions

This paper reported on the students’ perceptions of learning outcomes of the agile software
architectures course using a blended learning methodology. We measured students’ perceptions
by surveying all students who are taking the course from 2015 to the first semester of 2018. A
total of 63 students out of 227 answered the survey.

Respondents agreed that this approach support self-learning and self-criticism. Self-criticism
was a benefit derived from the teaching approach that was not consciously present in the
students’ minds. Teamwork and professional development were also agreed on by most
respondents.

Students demand more real industry cases to be included in the course. This is an important
request because the problems of software architecture are only visible at scale, and disappear
once small projects as examples are used [1]. Respondents also demanded more and better
communication with the professor. For this, the course included a forum to help students with
any issue or problem they were facing. However, respondents said that this solution is not fast
enough and sometimes it led to more questions.

In general terms, students agreed on the importance and satisfaction of using this blended
teaching technique to learn about software architecture. However, its effectiveness could not
be demonstrated. This could be caused by the few face-to-face classes of the course. Students
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stated that they preferred to be in constant interaction with the professor in order to clarify
issues or have a better understanding of the concepts.

This study leaves interesting open questions that require further research. Particularly, what
aspects of the blended aspect of our teaching technique can be improved? What techniques can
be applied to improve communication between students and professors? How can self-learning be
fostered in students with little knowledge of a particular subject? For future work, we encourage
other researchers and professors to study how a combination of teaching techniques can improve
the learning process in software architecture.
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