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Abstract—The spread of Coronavirus disease (COVID-19)
has enforced most universities/institutions over the world to
transform their educational models (face-to-face and blended)
bearing in mind the online educational environments as a
temporary substitute. Consequently, all universities/institutions
in Saudi Arabia have requested their students to continue the
learning process using online environments. This transition has
provided an opportunity to deeply investigate possible challenges
as well as factors that influence the adoption of online learning
as a future educational model for undergraduate students. This
research measures the current undergraduate students’ readiness
for online learning and investigates factors that influence their
level of readiness. Firstly, the research proposes the adoption
of a validated multidimensional instrument to measure under-
graduate students’ readiness for online learning in different
universities. Secondly, the research elaborates the findings by
an in-depth study that highlights the main obstacles that hinder
computing students’ readiness to learn Software Engineering (SE)
foundations using online learning. The research adopts survey
research to measure students’ readiness and analyzes the data to
extract the readiness levels of different dimensions of the adopted
instrument. Furthermore, interviews were conducted to specify
the influential factors on computing students’ readiness levels
regarding learning SE foundations. Results show that students’
readiness level for online learning is within the acceptable range
while some improvements are needed. Furthermore, the study
found that students’ cognition, willingness, ignorance, and the
amount of assistant and help they receive play a significant role
in the success/failure of the adoption of learning SE foundations
through online environment.

Keywords—Readiness to online learning; software-engineering
education; improving online learning; university students

I. INTRODUCTION

Online learning has brought many advantages to the dis-
cipline of education during this era. The continuous improve-
ment of computers and the Internet has a positive impact on
the growing adoption of online learning strategies by different
educational institutions. The adoption of online learning is
primarily related to different disciplines and dimensions, such
as student’s attitude and perception of tools [1]. Teaching and
learning are also affected by cultural differences [2]. Different
studies have drawn different results based on the investigated
culture/region. Different scales have been developed to mea-
sure the influence of these dimensions on different cultures.
Measuring the influence promotes new insights and exposes
challenges that hinder the success of adopting online learning.

Software Engineering (SE) education is the area that
requires using effective methods to ensure that theoretical
foundations are linked to practical experience to narrow the
gap between academia and industry [3]. The adoption of online
education has motivated researchers to investigate how it can
contribute to narrow this gap. Online SE education requires
assuring the readiness of both educators and learners.

This research, in line with other researches in this area,
seeks to investigate how undergraduate students are prepared
to accept the online learning model for the future. It has
adopted five dimensions measurement model, namely students’
motivation, self-directed learning, control, computer/internet
self-efficacy, and online communication self-efficacy, in order
to explore the weak areas that might delay the success of
adopting online learning models. To the best of our knowledge,
all proposed studies are either outdated or have targeted
participants from fewer number of institutions. Exploring these
dimensions within the Saudi culture in different institutions
provides us the current level of readiness along with insightful
ideas on how to improve students’ readiness for online learning
and overcome possible challenges that might hinder learning
some practical concepts such as SE foundations. Therefore,
the various objectives of this research can be summarized in
the following points:

1)  Understanding the current abilities and attitudes of
students.

2)  Identifying students’ motivation towards online learn-
ing.

3)  Highlighting the influence of the non-linear sequence
of studying materials using online environments as
compared to a traditional linear sequence.

4)  Understanding the current state of students’ percep-
tion and ability to use technology.

5)  Acquiring students’ communication self-efficacy us-
ing online learning environments.

6) Investigating the challenges and factors that impact
undergraduate students’ readiness for learning SE
foundations through online methods and how to over-
come these challenges.

II. LITERATURE REVIEW

A. Online Learning Readiness

Readiness for online learning is a concept that is mainly
defined as the learner’s confidence in online communication,
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preferences of the online model over the traditional model,
and the ability to be involved in online learning [4]. Re-
searchers have validated different scales to measure student’s
readiness. One of the most adopted scales by the literature is
the five dimensions scale developed by [5]. These measured
dimensions include students’ self-directed learning, motivation
for learning, control, computer and internet self-efficacy, and
online communication self-efficacy.

Each dimension in the scale has been extensively elabo-
rated and defined by many authors, while a separate scale for
each of these dimensions has been proposed and validated. For
example, self-directed learning is the concept that encompasses
students’ initiative to discover their needs and learning goals
besides identifying resources for learning and choosing the
best method to implement strategies of learning and eventually
evaluate their outcomes [4-6].

Sethi et al. have used a pre-validated scale for measuring
the readiness of 789 students from three different universities
in Pakistan [6]. The authors have concluded that there is a
need for training female students about handling computers
and the Internet. Furthermore, improving learner’s motivation
and online interaction are two issues that course designers must
take into consideration.

In 2011, Chanchary and Islam have studied the readiness of
three groups at Saudi university [7]. The study has found that
despite the ability of students to use applications and tools,
they were not comfortable in online communications. Inter-
estingly, 73% students of the studied groups have expressed
their unwillingness to adopt online learning as a substitute for
traditional learning.

Recently, readiness of a total of 204 female students was
measured at Princess Nourah Bint Abdulrahman University
(PNU) in Saudi Arabia[8]. The study has found that partici-
pants had a high level of readiness towards online learning as a
substitute for the traditional closed-circuit distance technology.

B. Online-Learn Software Engineering

The main issue in teaching SE fundamental courses is
teaching theoretical foundations and relating them to a hand-on
experience to narrow the gap between academia and industry
[3]. Most universities tend to dedicate most of the time and
effort during the semester for teaching theoretical part of the
course. Researchers and practitioners work on narrowing the
gap by creating a balance between theoretical and practical
experience. However, this is a hard task because of many
challenges and difficulties that are encountered by teachers and
students per se.

Heredia et al. have surveyed the literature to elicit the
current pedagogical teaching approaches used in teaching soft-
ware process [9]. The authors have found that most of methods
are lectures with few number of exercises or projects or both.
The other approaches include gamification as a type of game-
related methods, realism, simulation, and missing subjects. In
addition to these approaches, Marques et al. have highlighted
six categories of pedagogical approaches for teaching practical
SE; case studies, open source, learn by doing, problem-based
learning, service learning, and inverted classroom [10].

Vol. 11, No. 12, 2020

Despite the benefits of these pedagogical approaches, some
challenges and obstacles still exist. For example, game-related
methods approach has the ability to enhance students’ motiva-
tion and their learning outcome [11]. However, it has created
new challenges, such as the cost of the approach and the lack
of empirical data, to examine its benefits along with the lack
of unified steps for educators in SE [12]. Based on a recent
systematic review, Garousi et al. have categorized the obstacles
during adopting different methods of teaching software testing
into challenges related to instructors and students as well
as the challenges related to instructors [13]. Within the first
category, the authors have identified three challenges, which
are low motivation, learning new tools, and the need to increase
cognitive load of students. Within the later category, course
design has been identified as the main challenge in addition
to time constraints, resources constraints, assessing students’
progress, and the challenge of integrating testing with other
courses.

Online teaching of SE adds the aforementioned challenges
into the main challenges being faced while adopting pedagog-
ical online teaching approach. Though online teaching pave
the way for SE educators to enhance the utilization of new
teaching methods over traditional ones that are time consuming
and do not allow instructors to fully teach concepts during the
class time, such as the tools for software testing education
[13]. For example, it has been found that most of the courses
that are taught using non-traditional pedagogical approaches,
such as online and blended courses, and adopted the game-
related approach in SE education have utilized the approach
completely during the online part [12]. Among different areas
in SE, software design, software process, requirement engi-
neering, and testing were highlighted in the literature as the
most taught areas using online approach [14].

By considering which methods can be utilized during
online teaching of SE, there is a need to highlight the obstacles
being faced while online teaching and synthesize them with
obstacles of teaching SE in order to have a full understanding
of the challenges that SE online education faces. For example,
the level of computer and internet self-efficacy as a dimen-
sion for measuring students’ readiness to online learning can
influence the successful adoption of SE tools during online
courses. This can be true when a SE course is taught during
early semesters of an undergraduate program where level of
computer and internet self-efficacy of some students is low
which eventually hinders the success of utilizing SE methods
through online courses. Another example is the learners’
experience and readiness to learn by considering the age of
learners; adult or teenager, and how these factors can influence
the learning process [15]. Mora et al. have proposed and tested
a gamification framework on Requirement Engineering (RE)
course taught completely online for adult students (age > 25)
[16]. The researchers concluded that the proposed framework
was able to improve the level of students’ engagements and
motivation during the online course.

III. RESEARCH METHOD

To achieve the research objectives, we adopted a mixed-
method research called explanatory sequential design strategy,
which means that we adopted quantitative research followed by
qualitative research as stated by [17]. Adopting the explanatory
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sequential design strategy allows us to highlight the weak
areas that hinder undergraduate students’ readiness to online
learning besides understanding why and how these weak areas
actually hinder the success of adopting the online learning for
learning SE. Within a single study, Creswell have explained
that adopting explanatory mixed method necessitates building
the qualitative study based on the results of data analyzed
via the quantitative phase [18]. The advantage of adopting
this method lies in the fact that the research problem needs
“more in-depth understanding of the quantitative results (often
cultural relevance)” [18].

The first phase is accomplished by adopting the quantitative
research in the form of survey strategy which concerns with
validating a measurement model for students’ readiness by
controlling the activities of designing and disseminating ques-
tionnaires. The collected data measures the five dimensions
of learners’ readiness for online learning as proposed by
[1]. In addition, demographic information from participants is
collected to analyze the potential influence on their responses.

Unlike the number of studies conducted by different au-
thors, such as [7] and [8], in which they have examined online
readiness within a fewer number of regions, we examined
online readiness of students by considering the five main re-
gions in Saudi Arabia; Central region, Western region, Eastern
Region, Southern region, and Northern region. The sample for
this quantitative survey allows us to enhance our understanding
of the current level of online readiness over a broader region.

We then adopted the qualitative study in the form of semi-
structured interviews to understand how the extracted weak
dimensions have influence on students’ readiness for online
learning, especially for learning SE concepts. The interview
allows us to gather information in different formats than
when a quantitative strategy was used. Targeted information
encompasses the challenges and reasons behind the weak
dimensions and how they hinder the application of learning
SE courses. Therefore, semi-structured interviews are adopted
where a set of open-ended questions is designed based on
the quantitative results as the explanatory sequential design
suggests.

The interview questions have been created and divided into
two main sections. The first section concerns with collecting
information regarding the previous (i.e. before COVID-19
Outbreak) uses of any educational environment, online tool, or
software to help students understand SE concepts. The section
also extracts information about current (during COVID-19
Outbreak) uses of these online environments and tools. The
main reason of this section is to understand whether there were
early adoptions of online tools to teach SE concepts, or there
was a substantial differentiation between the uses of these tools
before and after the pandemic. The second section concerns
with collecting more information on how weak levels of online
readiness dimensions influence the utilization of teaching SE
concepts and how improving all dimensions level leads to a
better utilization. Analyzing the interview takes place through
thematic analysis to extract the main themes that influence
the level of online readiness. The thematic analysis process
was followed as illustrated by [19], and the main themes were
extracted as explained in Section IV-B.
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IV. RESULTS
A. Results of Quantitative Study

Over a period of three months, a total of 244 wvalid
responses were collected and analyzed. Collected data shows
diversity in some demographic variables. Regarding the gen-
der, around 82% (N=200) of the responses were male and
18% (N=44) were female. In Saudi universities, female and
male students are studying at different campuses. Even though
the survey was conducted through online means, reaching to
a larger pool of female students was obstacle because of the
separation strategy in studying and teaching. Undergraduate
participants constituted the majority of responses 97.13% (N=
237), and only 2.87% (N= 7) were graduate students. This is
because of the small number of graduate students as compared
to undergraduate students. Regarding the year of study, around
60% of participants were in their first two years of study.
Finally, even though the equal effort was paid to gather
responses from all regions, respondents from Eastern, Western,
and Central universities constituted more than 80% of total
respondents. The least number of respondents were received
from Northern universities followed by Southern universities.
However, number of students in the later regions were much
less than other three regions. Table I shows the demographic
information of the survey respondents.

Reliability testing of the survey constructs was carried out
by examining Cronbach’s Alpha. A reliable construct shows
Cronbach’s Alpha value of 0.70 or above as stated by [20]. All
five constructs showed acceptable values ranging from 0.70 to
0.79 as depicted in Table II. Learner Control reached the lowest
acceptable value (0.70) followed by computer/Internet self-
efficacy (0.74). Relating this level of reliability to the original
scale, we found that these two constructs suffered from the
convergent validity where the values of AVE did not reach the
threshold value of 0.50 as suggested by [21].

Table III shows the mean of each item along with the
overall mean for each construct. All individual items scored
above acceptable means (above 3.5), except one item “SDL3:
I manage time well” which scored the lowest mean of 3.35.
Overall means of constructs were found to be 3.51, 3.72,
3.72, 3.94, and 4.09 for Learner control, Self-directed learning,
Online communication self-efficacy, Computer/Internet self-
efficacy, and Motivation for learning respectively. Based on the
five-point Likert scale we used in the survey, we divided the
responses into four intervals. We then compared the mean of
each construct with a proposed model that was introduced by
[22]. However, the proposed model by [22] examines readiness
by measuring different dimensions, which are Technology, In-
novation, People, and Self-Development. Means falling within
the first interval (X: 1.0 - 2.6) indicate that the students
are not ready for the e-learning yet and need a lot of work
regarding the respected dimension reflecting that mean. Means
falling within the second interval (X: 2.6 - 3.4) show that the
dimension needs some work before becoming ready for online
learning. Means that fall within the third interval (X: 3.4 - 4.2)
and fourth interval (X: 4.2 - 5.0) indicate the readiness, but
with the need for some improvements to dimensions falling
within the third interval. Therefore, the threshold of X should
be more than or equal to 3.4. Fig. 1 shows the means of our
survey constructs illustrating that all constructs achieved the
threshold of accepted level of online readiness. The mean of
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TABLE I. DEMOGRAPHIC VARIABLES

Variable Category Frequency Percentage (%)
Gender Male 200 82
Female 44 18
Education Level Undergraduate 237 97.13
Graduate 7 2.87
Year of Study Preparatory/First Year 37 15.1
Second 117 48.0
Third 30 12.3
Forth 21 8.6
Fifth 39 16.0
University Location Western 84 344
(Region) Eastern 89 36.5
Central 39 16
Southern 17 7
Northern 15 6.1
TABLE II. CRONBACH’S ALPHA RELIABILITY FOR THE SURVEY CONSTRUCTS
Construct Number of Items Cronbach’s Alpha
Computer/Internet self-efficacy 3 0.74
Self-directed learning 5 0.79
Learner control 3 0.70
Motivation for learning 4 0.75
Online communication self-efficacy 3 0.79

each contracts ranges from X =351 to X = 4.09, which
denotes that all our constructs fall within the third interval
where some improvements are needed.

B. Results of Qualitative Study

All survey participants were recruited to participate in
the interviews. Of the pool of the participants, nine partic-
ipants showed their interest to participate in the qualitative
study, so the interviews were arranged and conducted. After
a comprehensive analysis of the participants’ interviews using
the thematic analysis, four main themes were extracted and
considered as the main barriers to the successful adoption of
online SE learning methods. These themes are:

1) Students’ cognition towards new learning methods.
The overall perspective of many students is that the on-
line learning cannot fully help students understand different
SE concepts; rather, traditional learning is the most suitable
method. Some of the codes that were extracted from partici-
pants regarding their cognition towards new learning methods
include resistance to change, fear of technology, and lack of
motivation for searching and practicing new online learning
tools. Firstly, fear of transition from traditional learning meth-
ods, i.e. face-to-face learning, to a technology-based method
appears as one of the most influential factors. Students are
also suffering from the lack of encouragement and motivation
to learn and search for new tools that help them understand
different SE concepts. These factors have been identified as
assistant contributors to adherence tendency towards traditional
methods.

2) Student’s ignorance of the tools and their benefits.
A main highlighted theme is that students are actually not
aware of the availability of different online teaching methods
and tools and their benefits, and are unable to practice them
because of lack of knowledge. It has been identified that
almost most of online tools and methods, such as game-related
methods, are not recognized by students. Still, theoretical
explanations using traditional methods represent the main

teaching style in many universities. Furthermore, students are
actually not aware of different benefits that the online tools and
methods can provide them. Within this theme, the awareness
about the availability and benefits of these methods and tools
has been recognized by a minor number of students, however
it has been highlighted that their knowledge along with other
contributing factors, such as lack of guidance, can prevent them
from adopting these methods and tools at their own.

3) Students’ willingness to follow traditional learning
methods.
An interesting theme constructed from different codes concerns
about the willingness of students to learn traditionally. The
reasons behind this are based on their current experience of
online learning where only face-to-face lectures are transferred
to virtual classes during COVID-19 pandemic, and they have
the lack of willingness to online learning, inability to link the
learning outcome with online tools, lack of online communica-
tion and social interaction, and believes in lack of knowledge
retention. Each of these reasons might hinder the successful
adoption of any learning strategy that is based on online tools
and methods.

4) Instructors’ and departments’ tendency towards new
teaching methods and tools.
An important theme is related to instructors’ behaviour towards
teaching their students. Different students have emphasized
that their instructors are following the traditional methods, and
they have no tendency to provide them any resources or infor-
mation rather than verbally explaining the concepts. Therefore,
regarding the instructors’ attitude, it has been found that most
of them tend to traditional methods. Furthermore, there is
the lack of provided resources by the department/college and
inability to accomplish online learning activities because of
lack of support and assistance.

V. DISCUSSION

An intrinsic relationship was highlighted between these
themes and the level of online readiness. Firstly, even though
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TABLE III. MEAN SCORES FOR THE ONLINE READINESS TO LEARN SCALE

Construct Item X SD
Computer/Internet self- | CISI: I feel confident in performing the basic functions of Microsoft Office programs (MS Word, 3.77 1.13
efficacy MS Excel, and MS PowerPoint).
CIS2: 1 feel confident in my knowledge and skills of how to manage software for online learning. 3.89 1.11
CIS3: I feel confident in using the Internet (Google, Yahoo) to find or gather information for online | 4.16
learning.
Opverall for CIS: 3.94 1.11
Self-directed learning SDLI: I carry out my own study plan. 3.96 1.12
SDL2: I seek assistance when facing learning problems. 3.85 1.18
SDL3: I manage time well. 3.35 1.21
SDLA4: I set up my learning goals 3.52 1.19
SDLS: I have higher expectations for my learning performance. 3.93 1.11
Overall for SDL: 3.72 1.16
Learner control LCI: I can direct my own learning progress. 3.79 1.08
LC2: T am not distracted by other online activities when learning online (instant messages, Internet | 3.21 1.35
surfing).
LC3: I repeated the online instructional materials on the basis of my needs. 3.54 1.16
Overall for LC: 3.51 1.20
Motivation for learning MFL1: I am open to new ideas. 4.13 1.03
MFL2: I have motivation to learn. 4.30 1.02
MFL3: I improve from my mistakes. 4.20 1.00
MFLA4: 1 like to share my ideas with others. 3.73 1.25
Overall for MFL: 4.09 1.08
Online communication self- | OCSI: I feel confident in using online tools (email, discussion) to effectively communicate with | 3.90 1.21
efficacy others.
OCS2: T feel confident in expressing myself (emotions and humor) through text. 3.57 1.30
OCS3: I feel confident in posting questions in online discussions. 3.69 1.26
Overall for OCS: 3.72 1.26
Overall 3.82 1.56

students’ level of confidence in their knowledge and skills of
how to manage a software for online learning is acceptable
(X: 3.89) with the need for improvement, it has been found
that students lack this level of confidence when it comes to a
specific online tool, such as SE online software and tools. The
reasons are mainly related to their cognition and/or ignorance
of the new tools and methods. Therefore, learning SE concepts
through online tools and methods is mainly affected by their
confidence in skills and knowledge along with their confidence
in knowledge and skills related to the designated tools for
learning SE concepts.

Self-directed learning of undergraduate students was also
found to be acceptable (X: 3.72), but it needs some improve-
ments. This has been found in the qualitative study related
to the level of students’ willingness to proceed with learning
SE concepts using new tools and online learning methods. For
example, managing the time is a main issue that was found
where many students are not able to manage their time during
learning and experiencing new online tools. The improvement
can be ensured by providing students required training and
workshops to enable them to effectively manage their time
during online learning. Furthermore, students’ willingness to
seek for assistant when facing problems is lower than expec-
tation. Therefore, it can be another area of improvement that
can be handled.

Learner control is the weaker dimension that has been high-
lighted (X: 3.51) which needs more improvements to enhance
the readiness of undergraduate students. Learner control has
been mainly identified with two themes; students’ cognition
and willingness. Within the first, students are mainly dependent
on their experience of traditional learning progress and are
not familiar with the management technique to direct their

learning progress when it comes to online learning of SE
tools. Furthermore, students are mainly dependent on repeated
instructions provided by instructors rather online instructional
and guidance procedures on how to understand and practice
the online tools. Within the later, students’ willingness to
online learning is claimed to be low because of the distraction
and inability to focus during online learning. Distraction by
other activities is considered the second most influential factor
(X: 3.21) that needs to be considered and improved by
adopting corrective action to attract students towards avoiding
distraction during online learning. The correction actions can
be focusing more on online course design, choosing the right
tools, and motivating students.

Motivation for learning was the highest dimension (X:
4.09). Interestingly, when it comes to online learning, the
qualitative study exhibits a low motivation among undergrad-
uate students. Different students have explained that they are
not as motivated to online study and using new tools as
traditional learning. For example, a student has explained that
his university has transferred the lab session virtually and used
the repl.it software which is a platform for creating and sharing
code online [23]. The student has mentioned “Even though
we were encouraged to share our codes with the instructor,
a few numbers of us have done that”. The student continued
explaining the situation by saying “We still do not feel that
the instructor’s online correction of our code motivates us
the same amount as it has been done during the face-to-face
corrections”.

_ Finally, online communication self-efficacy was acceptable
(X: 3.82) with the need for some improvements. The qualita-
tive study has highlighted that the level of confidence by using
online tools for communication is high, but the issue arises
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when students experience a problem with learning new tools.
For instance, it has been found that the level of confidence in
posting questions using online discussions is lower because
of two reasons. Firstly, students avoid questioning because
they are not sure about getting the right and timely response
they seek for. Secondly, students might have the fear that
the answers to their questions are already provided elsewhere
and they should look for the answers. In both cases, moti-
vating students and increasing the level of their willingness
and courage towards online learning along with providing
them necessary assistant and support by instructors, technical
support team, and department can lead to improve students’
online communication self-efficacy.

VI. CONCLUSION

The improvements that have been adopted in education
system in Saudi Arabia had a significant impact on the
development of undergraduate students’ skills and knowledge.
Readiness to online learning is one of the most developed
areas, where the level of students has been measured in
this study. However, the need for more improvements is
required where increasing this level of readiness can lead
to better learning and understanding of practical concepts,
such as SE concepts, during the adoption of online learning
methods. This study contributed by measuring the current
level of undergraduate students throughout the adoption of
one of the most recognized readiness scales. Furthermore,
the study contributed by investigating different dimensions of
readiness and methods for improvements besides exploring

how different factors correlate to constitute barriers that hinder
the improvement in the readiness level among undergraduate
students.

The recommendations of this research are multifaceted.
Firstly, decision makers in educational institutes must adhere
to the set of practices and processes that enable students
to utilize online learning tools and methods and persevering
high motivation. The practices can entail having well-trained
instructors for online teaching, designing curriculum that links
learning outcome with the new online tools and methods, and
working on continuous support and help for students during the
online learning process. Secondly, enriching students with the
required knowledge and skills to overcome different challenges
that they might face during the online learning. Students also
need training courses and workshops to help them manage their
time wisely and effectively during the online learning. Finally,
faculty members are also required to have the necessary
training and obtain the required knowledge and skills regarding
online teaching to assist their students effectively.
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