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Abstract. Nowadays, SPOCs (Small Private Online Courses) have been used as complementary
methods to support classroom teaching. SPOCs are courses that apply the usage of MOOCs (Mas-
sive Open Online Courses), combining classroom with online education, making them an exciting
alternative for contexts such as emergency remote teaching. Although SPOCs have been contin-
uously proposed in the software engineering teaching area, it is crucial to assess their practical
applicability via measuring the effectiveness of this resource in the teaching-learning process. In
this context, this paper aims to present an experimental evaluation to investigate the applicability
of a SPOC in a Verification, Validation, and Software Testing course taught during the period of
emergency remote education during the COVID-19 pandemic in Brazil. Therefore, we conducted
a controlled experiment comparing alternative teaching through the application of a SPOC with
teaching carried out via lectures. The comparison between the teaching methods is made by ana-
lyzing the students’ performance during the solving of practical activities and essay questions on
the content covered. In addition, we used questionnaires to analyze students’ motivation during
the course. Study results indicate an improvement in both motivation and performance of students
participating in SPOC, which corroborates its applicability to the software testing teaching area.

Keywords: small private online courses, SPOCs, software testing, computing education.

1. Introduction

In 2020, the world was affected by the COVID-19 pandemic. According to UNESCO,
over 100 countries have adopted sanitary measures, impacting a significant number
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of students UNESCO (2020). Measures against the spread of COVID-19 included the
temporary closure of universities and the implementation of emergency remote teach-
ing, changing the traditional teaching methods. In addition, during this period, online
learning services had to be used to meet the needs of universities.

Discussions were held to find methods and means to adapt the current education
system during the emergency period. Furthermore, this system’s impact on learning
was also evaluated by universities all over the world, mainly because most students
were not familiar with the use of online platforms and their resources Wang et al.
(2021). During the pandemic, the Brazilian authorities, respecting the biosafety guide-
lines and the determinations of the local health authorities, took isolation measures
and suspended classroom teaching in all schools and universities. The alternative was
to apply online teaching on a large scale through remote classes using video confer-
encing tools.

Among the alternatives, the SPOC (Small Private Online Courses) teaching and
learning method has been adopted by colleges and universities worldwide Dong et al.
(2021). SPOCs use the resources of MOOCs in private courses as supplementary ma-
terial for classroom teaching Fox (2013). These courses are designed to serve a small
number of students Muifioz-Merino et al. (2017), which makes the interactions among
the participants and instructors easier.

This study presents an experimental study investigating the application of a SPOC
in the teaching of software testing during emergency remote teaching due to the
COVID-19 pandemic. We conducted a controlled experiment to compare alternative
teaching through the application of the SPOC with teaching carried out through online
lectures. The comparison was performed on teaching methods, motivation, and student
performance, while students accomplished Verification, Validation, and Software Test-
ing activities. The results obtained indicate better motivation and performance results
of students participating in the SPOC.

This article is organized as follows. The following section provides an overview
of teaching computing and software testing with SPOCs. In section 3, the research
method through a controlled experiment is described. The results of the controlled
experiment are presented and discussed in section 4. We conclude this article in the
last section.

2. Small Private Online Courses

A MOOC (Massive Open Online Course) is a web-based distance course available to
many geographically distributed students. From the MOOCs, variations of courses
offered to students emerged, such as the SPOCs, made available in most cases by
universities to internal and external audiences. Unlike MOOCs, SPOCs are private
courses offered to few people. Their use integrates online teaching with the traditional
small-scale classroom to support classroom or applied classes in conjunction with
methodologies such as flipped classroom Mutawa (2016); Wang (2017). In addition,
students can access video lessons and other materials before they meet to discuss and
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solve problems under the guidance of teachers or instructors Fox (2013); Kaplan and
Haenlein (2016).

SPOC resources include online lectures, readings, forums, and assessment activities
Cheng and Zhang (2014). Online lectures can be delivered via video lessons, lasting
between 5 and 10 minutes. During the week, students watch approximately one hour of
video lessons, which they can watch at their own pace. In addition, there are two types
of readings, the materials that are part of the course and the additional readings, both
available on the online learning platform An et al. (2017).

In the forums, discussions related to the learning contents of each week are provided,
which are evaluated by activities. Assessment activities are usually applied as weekly
quizzes but can also be online and offline, such as hands-on assignments. Students can
ask questions during the learning process by sending messages to their teachers and in-
structors, who must be prepared to answer the questions and interact with students Zhou
et al. (2016); Filius et al. (2018). SPOCs are also applied with teaching methodologies
such as the flipped classroom or blended learning Martinez-Muiioz and Pulido (2015);
Jong (2016); Chen and Zheng (2017); Alario-Hoyos ef al. (2017).

SPOCs have been applied in computing teaching, especially in studies about program-
ming language and computer principles teaching Piccioni et al. (2014); Chu et al. (2015);
Prates et al. (2019). The work of Li and Gu (2020) adopted a blended teaching method
applying SPOCs in programming teaching. Classroom and online teaching were com-
bined: students accessed the course content on the course website before the classroom.
A mixed teaching method was designed by Zhou ef al. (2019), which combined class-
room with online teaching, claiming to impact students’ performance and programming
ability. In the study presented by Lui ef al. (2017), the use of a SPOC and animated
videos were used for project management teaching. The results show that learning moti-
vation positively influenced students’ performance in learning through a SPOC.

Teaching software testing with SPOC:s is applied using blended learning and flipped
classrooms. For example, the work of Liu (2020) combined online and traditional teach-
ing using a blending teaching mode for software testing courses in three aspects: teach-
ing method, teaching content, and teaching evaluation. Students used platform resources
such as online lessons, tests, homework, and other offline resources to complete classes
while communicating and discussing their content.

3. Experimental Study

An experiment is an experimental investigation that manipulates a factor or variable in
the study environment. Experiments are conducted when it is essential to control a situ-
ation and manage behavior directly, precisely, and systematically. Besides, experiments
involve more than one treatment to compare results, and they can allow the generaliza-
tion of these results to a larger population Wohlin et al. (2012). In this study, an experi-
ment was conducted to check the application of SPOCs in Software Testing Education.
Additionally, it provides means for replicating the experiment in other domains of soft-
ware engineering teaching.
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This experimental study aims to evaluate the efficiency of applying SPOCs during
the period of an emergency remote teaching in Software Testing education. For this,
the alternative education through the application of SPOC is compared with tradition-
al education (online lectures), applied to students in Software Testing education. The
comparison is carried out by analyzing their performance and motivation.

The definition of which data is collected was based on the method GQM (Goal/Ques-
tion/Metric) Basili et al. (1994), as presented as follows:

e Study entity: The object of study is the application of a SPOC.

e Focus: Efficiency and motivation.

e Context: The study was applied with a group of students from the Computer
Engineering course at the Federal University of Grande Dourados. The partici-
pants are students who were freshmen until senior.

e Specific objectives:

Analyze application of a SPOC

for the purpose of evaluate it

with respect to performance and motivation

from the point of view of the undergraduate students

in the context of undergraduate courses in the computing field.

To conduct the experiment, research questions and the metrics used were defined as
shown below.

e Research Questions:

o RQ1: Does the application of SPOC provide greater motivation during student
learning compared to traditional education?

o RQa2: Is there a difference in students’ performance who participated in edu-
cation using SPOC concerning students who participate in traditional educa-
tion?

e Metrics:

o Performance: the activities and multiple-choice tests applied to both courses
(SPOC and traditional) are analyzed.

o Motivation: the answers to the CIS and the IMMS questionnaires are ana-
lyzed to assess students’ motivation that received the classes with SPOC and
who received the traditional classes.

The CIS (Course Interest Survey) and IMMS (Instructional Materials Motivation
Survey) questionnaire are measurement tools integrated in the ARCS model proposed
by Keller Keller (2010). According to the ARCS model, four components affect motiva-
tion in the learning process: attention, relevance, confidence, and satisfaction. The CIS
and IMMS questionnaires were designed to support the measurement of these motiva-
tional components.

The CIS questionnaire is designed to measure student reactions in a specific learn-
ing environment facilitated by instructors. There are 34 statements in this questionnaire
distributed in four concepts: attention, relevance, confidence, and satisfaction. The sur-
vey can be composed of the average score on each of the four concepts or calculating
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Table 1
Guide of CIS and IMMS Score

Dimension  CIS — Questions IMMS — Questions
Attention 1,4, 10, 15,21, 24,26 (R), 29 2,8, 11,12 (R), 15 (R), 17, 20, 22 (R), 24, 28, 29 (R),
31 (R)

Relevance 2,5, 8 (R), 13,20,22,23,25(R),28 6,9, 10, 16, 18, 23, 26 (R), 30, 33
Confidence 3,6 (R),9, 11 (R), 17 (R), 27,30,34 1,3 (R), 4,7 (R), 13, 19, 25, 34 (R), 35
Satisfaction 7 (R), 12, 14, 16, 18, 19,31 (R), 32,33 5, 14, 21, 27, 32, 36

the total score. The response scale ranges from 1 to 5, the minimum survey score is 34,
and the maximum is 170.

However, each concept’s minimum, medium, and maximum points vary because
not all have the same number of items. Besides, some questions have a negative scor-
ing scale, as shown in Table 1. Therefore, response values must be reversed before
adding to the response total. That is, for these items, 5 —> 1,4 —>2,3 —> 3,2 —>4
and 1 — 5.

The IMMS questionnaire was designed to measure students’ motivation regarding
instructional materials. There are 36 statements in this questionnaire distributed in 4
concepts: attention, relevance, confidence, and satisfaction. The survey can be scored
by finding the average score on each of the four concepts or calculating the total score.
The response scale ranges from 1 to 5, the minimum survey score is 36, and the maxi-
mum is 180. The minimum, medium, and maximum points for each concept can vary
in the CIS questionnaire. Besides, some questions have a negative scoring scale. Thus,
answers must be reversed before being added to the total of answers: 5 =1, 4 = 2,
3=3,2=4and 1=>5.

3.1. Planning

Hypotheses are essential tools for experimentation. A hypothesis is formally defined,
and data collected during the experiment can reject the hypothesis when possible. Con-
clusions can be made based on the hypothesis testing whether the hypothesis was reject-
ed Wohlin et al. (2012). Three hypotheses were formulated: (i) null hypothesis — Ho;
(i1) alternative hypotheses — H1 and H2. A null hypothesis represents no trends or dif-
ferences among the phenomena measured in the experiment environment. On the other
hand, an alternative hypothesis represents the hypothesis in which the null hypothesis is
rejected. In this context, the hypotheses established for the experiment were:

e RQ1: Does the application of SPOC provide greater motivation during student
learning when compared to traditional education?
o Null Hypothesis (Hop): Motivation (SPOC) = motivation (traditional educa-
tion). In other words, there was no significant difference in motivation among
students participating in SPOCs and in the traditional classes.



126 J.M. Prates et al.

o Alternative Hypothesis (H1): Motivation (SPOC) > Motivation (traditional
education). In other words, the student’s motivation to participate in SPOCs is
significantly greater than that of students participating in traditional classes.

o Alternative Hypothesis (H2): Motivation (SPOC) < Motivation (traditional
education), in other words, the student’s motivation to participate in SPOCs is
significantly worse than that of students participating in traditional classes.

e RQ2: Is there a difference in students’ performance who participated in education
using SPOC concerning students who participate in traditional education?

o Null Hypothesis (Ho): Performance (SPOC) = performance (traditional edu-
cation). In other words, there was no significant difference in performance
among students in the classes with SPOC and in the traditional classes.

o Alternative Hypothesis (H1): Performance (SPOC) > Performance (traditional
education), in other words, the student’s performance in classes with SPOC is
significantly greater than that of students participating in traditional classes.

o Alternative Hypothesis (H2): Performance (SPOC) < performance (traditional
education), in other words, the student’s performance in classes with SPOC is
significantly worse than that of students participating in traditional classes.

Independent and dependent variables were selected to evaluate which of the defined
hypotheses were confirmed. Independent variables can be controlled and changed in the
experiment, while the dependent variables represent the effects of the treatments applied
during the experiment. Fig. 1 shows the dependent and independent variables defined
for this experiment.

The software testing education is the independent variable investigated, and it must
be manipulated during the experiment. The dependent variables are related to the re-
sults obtained in the experiment. In this context, students’ motivation is measured
through the scores obtained in the CIS and IMMS questionnaires, while students’ per-
formance is evaluated through tests carried out at the end of each course module. Care-
ful selection of experiment participants is essential because it is essential for general-
izing the results. Therefore, undergraduate students from the Computer Engineering
undergraduate course at the Federal University of Grande Dourados were invited to
perform this study.

It is worth highlighting that all students participated in the experiment voluntarily
and confirmed their interest in participating in the study by signing a consent form. In
addition, the students also fill out a profile characterization form to verify their knowl-
edge level in Software Testing and the Python language.

Independent Variables Dependent Variables
» Motivation
» Traditional Teaching Method Measures the Impact on = Score of CIS Questionnaire

= Score of IMMS Questionnaire
» Performance
= Score of Assessments Tests

» Teaching Method with SPOC

Fig. 1. Selection of experiment variables.
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Fig. 2. Participants’ level of experience.

Fig. 2 summarizes the participants’ level of experience regarding the areas of knowl-
edge that involve the study. Few students have applied programming concepts in real
projects, while most know the programming from studies and projects developed in the
classes. However, all students know some programming language.

Regarding participants’ experience in software testing, most of them do not know
software testing, and few have applied their knowledge in industrial projects. Finally,
about the participants’ experiences in the Python language, most of them have no lan-
guage experience. A small part of the participants applied their knowledge to industrial
projects. The other ones presented an experience in Python language through studies
performed in the classes.

3.2. Design

The experiment design describes how tests are organized and performed. This experi-
ment is defined with a factor and two treatments. In particular, the education with SPOC
was compared with traditional education regarding the software testing education
fundamentals. Participants were distributed balanced, and the division of groups was
defined based on the analysis of responses obtained in the profile characterization form.
The distribution of participants was organized as shown in Table 2.

Fig. 3 shows the plan followed to experiment. In the first step, the profile charac-
terization form was applied to divide the participants into the control and experimental

Table 2
Distribution of participants

Groups Traditional Education Education with SPOC

Group 1 X
Group 2 X
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Fig. 3. Process to perform the study.

groups. Then, the groups of students were divided. The experimental group partici-
pated in the education with SPOC using the content addressed in the course “Introduc-
tion to Software Testing in Python Language”. On the other hand, the control group
had access to the same content through traditional classes with the support of material
posted on the Moodle platform, simulating an education environment in the class but
virtually.

After conduced the previous steps, the participants answered the CIS and IMMS
questionnaires, evaluating the course’s interest criteria. Additionally, assessments at the
end of each module were made available to both groups with questions and practical
activities that address the content considered in the two courses.

4. Results and Discussion

The collected data from the experimental study are used in the analysis and interpreta-
tion stage to conclude the investigation. The conclusions of each study research question
are presented below.

Q1. Did SPOC application provide greater motivation during student learning
when compared to traditional teaching?

The first research question aims to investigate the participant’s motivation. The results
of the CIS questionnaire application which assess motivation related to the course can
be seen in Tables 3, 4, 5 and 6.

Attention was the first dimension evaluated, in which the experimental group achieved
better results in all aspects compared to the control group. The results suggest that the
participants of the SPOC were moderately attentive to the course and more motivated by
the topics and problems presented in the course.

The experimental group achieved equal or superior results in all evaluated items in
the relevance dimension. The results indicate that SPOC participants consider the course
to be relevant. However, the interaction between the participants through the forums and
tools did not reach a good evaluation.
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Table 3

The CIS Questionnaire: Attention Dimension

Dimension: Attention Mean: Mean:
Experimental Control
Group Group

1. The instructor knows how to make us feel enthusiastic about the subject matter ~ 2.83 2.33

of this course.

4. This class has very little in it that captures my attention. (reverse). 2.33 3.50
10. The instructor makes the subject matter of this course seem important. 2.50 2.33
15. The students in this class seem curious about the subject matter. 2.83 2.17
21. The instructor does unusual or surprising things that are interesting. 2.50 1.67
24. The instructor uses an interesting variety of teaching techniques. 2.83 1.67
26. 1 often daydream while in this class. (reverse) 2.00 3.83
29. My curiosity is often stimulated by the questions asked or the problems given on 3.00 1.83

the subject matter in this class.

Table 4

The CIS Questionnaire: Relevance Dimension

Dimension: Relevance Mean: Mean:
Experimental Control
Group Group
The personal benefits of this course are clear to me. 4.17 4.17
The instructor makes the subject matter of this course seem important. 3.17 2.67
I do NOT see how the content of this course relates to anything I already know.  1.33 1.33
(reverse)
13. In this class, I try to set and achieve high standards of excellence. 3.83 2.67
20. The content of this course relates to my expectations and goals. 3.33 3.33
22. The students actively participate in this class through forums and other means of 1.83 1.83
interaction.
23. To accomplish my goals, it is important that I do well in this course. 4.00 3.67
25. Tdo NOT think I will benefit much from this course. (reverse) 1.83 1.83
28. The personal benefits of this course are clear to me. 3.33 2.83

The experimental group also achieved equal or superior results in all evaluated
items regarding the satisfaction dimension. The results indicate that SPOC partici-
pants expressed satisfaction in taking the course, mainly supported by questions 16
and 31. However, the low evaluation of the criterion related to comments and feed-
back indicates that it is something that must be improved in the course. In addition,
it can be noted that it is a factor that is related to the low adherence to the discussion
forums.

Confidence is the last dimension evaluated, in which the experimental group achieved
superior results in most of the evaluated items. The results indicate that the SPOC partic-
ipants were confident when taking the course, especially if they expended enough effort.
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Table 5

The CIS Questionnaire: Satisfaction Dimension

Dimension: Satisfaction Mean: Mean:
Experimental Control
Group Group
7. Thave to work too hard to succeed in this course. (reverse) 2.50 3.17
12. 1 feel that this course gives me a lot of satisfaction. 3.50 2.83
14. 1 feel that the grades or other recognition I receive are fair compared to other 3.67 3.00
students.
16. I enjoy working on this course. 3.67 3.67
18. I get enough feedback to know how well I am doing. 333 2.83
19. 1 feel that this course gives me a lot of satisfaction. 3.50 2.83
31. I feel rather disappointed with this course. (reverse) 2.33 2.67
32. I feel that I get enough recognition for my work in this course by means of 2.67 1.50
grades, comments, or other feedback.
33. The amount of work I have to do is appropriate for this type of course. 3.50 3.67
Table 6
The CIS Questionnaire: Confidence Dimension
Dimension: Confidence Mean: Mean:
Experimental Control
Group Group
3. Ifeel confident that I will do well in this course. 3.50 3.33
6. You have to be lucky to get good grades in this course. (reverse) 2.17 2.66
9. Whether or not I succeed in this course is up to me. 3.83 4.00
11.  The subject matter of this course is just too difficult for me. (reverse) 3.16 2.33
17. Tt is difficult to predict what grade the instructor will give my assignments. 3.83 3.50
(reverse)
27. AsIam taking this class, I believe that I can succeed if I try hard enough. 4.17 3.67
30. I find the challenge level in this course to be about right: neither too easy not too 3.17 3.50
hard.
34. 1 get enough feedback to know how well I am doing. 1.83 1.33

Table 7

The CIS Questionnaire: score of 4 dimensions

Evaluation Item Mean: Experimental ~ Mean: Control
Group Group
Attention 2.98 2.02
Relevance 3.59 3.33
Confidence 3.21 3.04

Satisfaction 3.18 291
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However, the results suggest that the criterion related to feedback also needs to be
improved in the course.

The comparison between the four dimensions of the two groups is shown in Table 7.
One may note that, in general, the SPOC participants showed greater motivation at all
levels, especially in the attention dimension.

Participants’ motivation was also assessed using the IMMS questionnaire. The
results, which assess motivation in relation to the course materials, are presented in
Tables 8,9, 10 and 11.

The experimental group achieved better results in almost all aspects of the attention
dimension than the control group. The results suggest that the SPOC participants were
attentive to the material used in the course. The approach adopted and the quality of the
writing of the didactic and instructional materials used in the SPOC.

In the relevance dimension, the experimental group achieved superior results in most
evaluated items. The results indicate that SPOC participants consider the course material
and content relevant. Furthermore, it is possible to observe that the feeling of importance
upon completing the course is highlighted in the evaluation.

The experimental group also achieved superior results in all the evaluated items in
the satisfaction dimension. The results indicate that SPOC participants were satisfied
with the course content, especially when completing the proposed activities and the
course as a whole.

Finally, the experimental group achieved equal or superior results in the evaluated
items in the confidence dimension. The results suggest that SPOC demonstrated confi-
dence in the course content and material. Participants were confident that they could
learn the content covered, as shown in the results of question 13.

Table 8

The IMMS Questionnaire: Attention Dimension

Dimension: Attention Mean: Mean:
Experimental Control
Group Group

2. There was something interesting at the beginning of this course that got my 3.83 2.83

attention.

8. These materials are eye-catching. 3.67 2.5
11.  The quality of the writing helped to hold my attention. 4.00 2.00
12.  This course is so abstract that it was hard to keep my attention. (Reverse) 1.67 3.83
15.  The style of course is boring. (Reverse) 1.83 4.00
17.  The way the course information is arranged helped keep my attention. 3.67 2.33
20. This course has things that stimulated my curiosity. 3.33 3.00
22. The amount of repetition in this course caused me to get bored sometimes. 2.00 3.33

(Reverse)
24. Tlearned some things that were surprising or unexpected. 3.67 3.67
28. The variety of reading passages, exercises, illustrations, etc., helped keep my 3.67 2.17

attention on the course.
29. The style of teaching materials writing is boring. (Reverse) 1.83 3.50
31. There are so many words on each slide that it is irritating. (Reverse) 1.67 2.17
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Table 9

The IMMS Questionnaire: Relevance Dimension

Dimension: Relevance Mean: Mean:
Experimental Control
Group Group
6. Itis clear to me how the content of this material is related to things I already 3.50 3.33
know.
9. There were a lot of examples that showed me how this material could be 3.50 2.67
important for people that are learning about Software Testing.
10. Completing this course successfully was important to me. 4.17 3.67
16. The content of this material is relevant to my interests. 3.50 4.00
18. There are explanations or examples of how people use the knowledge in this 3.5 2.17
course.
23.  The content and style of writing in this course convey the impression that its 3.83 2.83
content is worth knowing.
26. This course was not relevant to my needs because I already knew most of its 1.50 2.17
content. (Reverse)
30. Icould relate the content of this course to things I have seen, done, or thought 3.33 2.50
about in my professional career.
33. The content of this course will be useful to me. 433 3.50
Table 10
The IMMS Questionnaire: Satisfaction Dimension
Dimension: Satisfaction Mean: Mean:
Experimental Control
Group Group
5. Completing the exercises in this course gave me a satisfying feeling of 3.67 3.00
accomplishment.
14. 1 enjoyed this course so much that I would like to know more about this topic. ~ 3.33 2.33
21. Ireally enjoyed studying this course. 3.50 2.67
27. The feedback after the exercises or other comments in this course helped me 3.50 2.33
feel rewarded for my effort.
32. I felt good about completing this course successfully. 4.00 3.33
36. It was a pleasure to work on such a well-designed course. 3.83 3.00

The comparison of the IMMS questionnaire’s four dimensions between the two

groups is presented in Table 12. It is possible to observe that the SPOC participants had
greater motivation in all dimensions, mainly in the attention dimension.

The purpose of the hypothesis test is to verify if it is possible to reject a particular

null hypothesis based on a sample of some statistical distribution Wohlin et al. (2012).
The t-test is a parametric test used to compare two independent samples, i.e., the design
of the experiment must be one-factor with two treatments.

To check samples normality and, consequently, the z-test applicability, Shapiro—

Wilks test was performed. For the control group sample, p-value = 0.666514 was ob-
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Table 11
The IMMS Questionnaire: Confidence Dimension
Dimension: Confidence Mean: Mean:
Experimental Control
Group Group
1. When I first looked at this course, I had the impression that it would be easy for 3.33 3.33
me.
3. This course was more difficult to understand than I would like for it to be. 2.5 3.17
(Reverse)
4. After reading the introductory information, I felt confident that I knew what I 3.17 2.67
was supposed to learn from this course.
7. Many of the pages had so much information that it was hard to pick out and 2.00 3.50
remember the important points. (Reverse)
13.  As I worked on this course, I was confident that I could learn the content. 3.83 2.67
19. The exercises in this course were too difficult. (Reverse) 2.83 3.50
25.  After working on this course for a while, I was confident that I would be able to  3.50 2.17
pass a test about Software Testing.
34. 1 could not really understand quite a bit of the material in this course. (Reverse) 3.33 3.67
35. The good organization of the content helped me be confident that I would learn ~ 3.50 3.00
this course.
Table 12
The IMMS Questionnaire: score of 4 dimensions
Evaluation Item Mean: Experimental Mean: Control
Group Group
Attention 3.90 2.64
Relevance 3.79 3.17
Confidence 3.64 2.78
Satisfaction 3.41 2.67

tained, while for the experimental group sample, p-value = 0.899189. In both cases the
p-value > 0.05 is obtained, so it is possible to consider that the samples are normal.

Assuming the significance value of a = 0.01, the values obtained by applying ¢-test

are: t-value = 3.52433 and p = 0.003368. Thus, is possible to reject the null hypothesis
with a two-tailed test at p < 0.01.

Q2. Were there differences in the students’ performance who participated in the
SPOC concerning students who participated in a traditional class?

Fig. 4 shows the students’ performance belonging to control and experimental groups
in each of the course modules. It is noted that the students performance of SPOC par-
ticipants, measured through tests and performance in hands-on activities, was better in
all topics of the course.
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Fig. 5 shows a boxplot (box diagram), used in exploratory analysis of quantitative
variables. Through the diagram, which represents the control group’s performance in
the experimental study, it is possible to observe that the data dispersion (difference be-
tween the first and quartiles) is small in the first three topics of the course. However, on
the topic of “Defect-Based Testing,” there was a greater discrepancy in the participants’

performance.
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Fig. 5. Boxplot: performance of control group.



Integrating SPOCs in Software Testing Education: Evidence in ... 135

10 I i l I
0

Introduction Functional Structural Fault-Based

©o

-]

~N

)}

(%]

=Y

w

N

[=Y

Fig. 6. Boxplot: performance of experimental group

The performance of the experimental group is illustrated in Fig. 6. Note that the data
dispersion is smaller than represented in the previous graph. It is possible to observe
that participants’ performance is more homogeneous in all course topics. As observed
in the control group, there are no outliers in the experimental group.

To check the samples normality, Shapiro—Wilks test is also applied. For the control
group sample, the p-value = 0.822731 was obtained, while for the experimental group
sample the p-value = 0.136106. In both cases the p-value > 0.05 is obtained, so it is
possible to consider that the samples are normal.

Assuming the significance value of a = 0.01, the values obtained by applying the
t-test are: t-value = 5.01579 and p = 0.000525. In this way it is possible to reject the
null hypothesis with a two-tailed test at textit p < 0.01.

4.1. Threats to Validity

Some threats to validity were identified in this study. We categorized these threats into
four categories as proposed by Cook and Campbell (1979). Threats and strategies ad-
opted to mitigate them are discussed below:

e Conclusion validity: Conclusions reached through study results were obtained
based on statistical test analysis. These tests, if incorrectly conducted, can produce
incorrect conclusions. Therefore, the conclusions were based on hypothesis tests
and data normalization analysis to mitigate this possible threat.

e Internal validity: The conclusions on the causes and their effects can be influ-
enced by other factors that were not considered in the study. Thus, the student’s
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performance and motivation could be influenced by other factors such as the test-
ing technique covered. We consider the exact topics (four different testing tech-
niques) for both groups to mitigate this threat. In addition, the participants’ previ-
ous experience with these topics may affect the results. To mitigate the effects of
the participants’ experience, we use characterization forms to create homogeneous
groups with a similar level of knowledge.

e Construct validity: Construct validity threats could be added by the selection of
the instrument used in the experiment. In this context, we compute the students’
performance by the correct answer in multiple-choice tests with the same ques-
tions. The motivation was computed through widely used questionnaires from the
literature, which were the same for both groups.

e External validity: Regarding the generalization of findings obtained, equivalent
results may be achieved, provided that it has a selection of the participants done
in the academic environment. The experimental planning and execution can be
replicated in different software testing topics and teaching-learning processes us-
ing SPOCs and distance learning.

5. Conclusions

SPOCs are small and private courses that take place in an online environment. When
universities had to be temporarily closed, SPOCs were alternatives so that teaching ac-
tivities could be carried out. In this study, the main results of the application of an experi-
mental study, aiming to investigate the performance and motivation of students during
the application of a SPOC for teaching software testing in times of remote emergency
teaching, are presented.

During the study, traditional online teaching methods using a SPOC were applied
to two different groups during Verification, Validation, and Software Testing. In sum-
mary, the implementation of SPOC went well, although the study was applied in difficult
times. The results indicate that the participants in the experimental group had better
results, both in performance and motivation. However, a study limitation is how to con-
trol the students’ learning behavior since, during the application of the experiment, the
participants may have suffered from external interference or technical problems, such as
difficulty in accessing the Internet.

The application of SPOC with its resources such as forums, video classes, and au-
tomated exercises provided distance learning to students less strenuously. These fea-
tures, along with virtual classroom creation, were crucial to the results obtained in the
study. Universities and their professors must be prepared to promote the teaching in
emergencies, such as health crises. SPOCs can be an option for face-to-face teaching in
emergencies, like that experienced during the COVID-19 pandemic.
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