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INTRODUCTION 

During the Covid-19 pandemic, universities and other educational institutions have been compelled to shift from the 
face-to-face learning mode to virtual or on-line learning in nearly all disciplines [1-4]. There have been many 
recommendations provided by on-line educational experts on how to conduct on-line learning efficiently without 
compromising learning outcome achievements. Most of these recommendations were applicable to all disciplines with 
only few observed for particular engineering programmes [5-8]. The implementation of on-line learning specifically in 
civil engineering programmes has been relatively modest due to the diversity of the courses ranging from theories, 
engineering designs and experimental activities [9]. During the past two years, many educational practitioners have 
tried to tackle the effectiveness of the on-line learning process in their programmes through descriptive studies, 
primarily by conducting different kind of surveys distributed to students, faculty and educational administrators [10-13]. 

Ayadat revealed the reflections of Prince Mohammad Bin Fahd University (PMU), Al Khobar, Kingdom of Saudi Arabia’s 
students at the end of the 2020 fall term concerning the effects of the virtual learning infrastructure and environment on 
the student learning [14]. The students agreed that the feature of replaying recorded lectures was one of the biggest 
benefits of the on-line learning, while the greatest difficulties were the poor Internet connection, distractions at home, 
lack of social support, on-line assessments and the intermittent communication with the instructor. Frida examined 
the status of on-line learning at the civil engineering programme in the University of Surabaya in Indonesia [15]. 
They recommended that the technological support is one of the most important factors that would enhance the on-line 
learning mode in delivering civil engineering courses. Asgari and Moskal also discussed the administrative and 
technological supports for on-line learning in civil engineering [16][17]. Both studies pointed out to a robust 
infrastructure for both students and faculty. One of the crucial strategies they proposed is about breaking down a long 
lecture into short sessions to keep students engaged.  

Garcia-Alberti evaluated the status of on-line learning in a civil engineering programme in two universities in Spain and 
one university in Peru [18]. Students were asked about various aspects, like the assessments of the implemented 
evaluation methodology, usefulness of the virtual laboratory, instructor availability, course design, usage of innovative 
resources and interaction in virtual class. The results showed that it is essential to engage students further via animations 
and decrease their workload. In addition, taking further measures including the usage of digital tablets, implementation 
of pre-recorded videos and pre-set questionnaires and quizzes are recommended. Soeryanto conducted a study on 
mechanical engineering students’ learning outcomes to analyse the effectiveness of the implementation of on-line 
learning during the Covid-19 pandemic [19]. They found that effective, efficient and innovative on-line learning 
improve students’ learning outcomes significantly. Kyrkjebø provided a student guide for active on-line leaning in 
engineering [20]. The proposed guide emphasises the importance of social dynamics between students for successful 
group activities.  
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The on-line learning mode influences also the activities that require personal interaction, such as laboratories and design 
assignments. A study conducted in Poland points out on the strengths and weaknesses of on-line classes carried out during 
two semesters in the Faculty of Architecture at Wrocław University of Science and Technology (FA-WUST) [21]. 
An effective implementation of an on-line learning system requires certainly the development of resources, on-line 
platforms and other support systems. A survey conducted in Kazakhstan revealed that the majority of universities in this 
country have developed their own platforms or they are using other well-known platforms, such as Zoom or Teams, 
for an efficient interaction between students and instructors [22]. Several authors discuss the basic principles of 
an efficient distance learning which cover mainly the collaborative learning, adult learning and educational 
methodologies [23-26]. The authors recommend the development of a communication model that promotes critical 
thinking, enhances collaborative skills through proper methodological choices and technical means support, and 
includes a strong collaborative dimension [23-26].  

The main objective of this study was to develop guidelines and specifications for a vigorous and effective on-line 
learning specific to civil engineering programmes using a quantitative survey and analysis. This study aimed to point 
out the variables influencing the quality of on-line learning, including administrative support, course content, course 
design, instructor characteristics, learner characteristics, social support and technological support. The authors expect 
that the outcomes of this study will complement the existing guidelines described above and guide further the 
implementation of the hybrid learning mode should certain circumstances allow it. 

METHODOLOGY 

The Department of Civil Engineering (CE) at PMU conducted a descriptive survey in order to establish the main 
requirements and recommendations for an efficient and compelling on-line learning in its programme, and moreover to 
point out the variables influencing the quality of on-line learning [27-30]. Respondents’ perceptions, judgments and 
advice about their on-line learning experiences were systematically evaluated in the survey. 

It was first necessary to identify the survey’s objective, questions for research, target population, and sampling and data 
collection procedures before the questionnaire was developed. An appropriate expert reviewed and approved the survey 
instrument as reliable and valid. Data collection and administration of the survey were preceded by a pilot test. 

Students’ on-line learning experiences were investigated through the survey questionnaire analysis. The data were collected 
through a descriptive questionnaire prepared by faculty members in the CE Department. In the study, 120 undergraduate 
students enrolled in the PMU CE Bachelor of Science programme provided randomly sampled responses. 
This represented around 70% of response rate considering that the total number of CE students was 170. The items of 
the questionnaire were arranged in sequence into seven groups, including: administrative support, course content, 
course design, instructor characteristics, learner characteristics, technological support and social support. Each group 
was composed by three crucial or influential questions. Twenty-one (21) relevant and critical questions (Q1 to Q21) 
were adopted for the purpose of investigating the different elements, which might affect the on-line learning experience 
of the students, and to point out the variables influencing the quality of on-line learning. Furthermore, a question asking 
students to write comments regarding major benefits, major drawbacks, and suggestions for improvement were also 
provided in the survey (Q22). 

Prior to its distribution, the questionnaire was elucidated and validated. It was validated to ensure its reliability. 
The face value of the survey was determined by experts. Pilot tests were also conducted with a subset of survey 
participants. The objectives and significance of the study was then discussed with CE students, and their voluntary 
involvement was requested. The survey was administered through the PMU Civil Engineering Club of the American 
Society of Civil Engineers (ASCE) to ensure confidentiality. Data were tabulated and analysed four weeks after 
the distribution of the questionnaire. Data were analysed using descriptive statistics, including percentage distribution, 
to determine the different variables of the study. A spreadsheet was used to clean the collected data. 

The use of multiple data sources and research methods for understanding phenomena certainly has many advantages. 
Nevertheless, this study employed a descriptive research model that is considered conclusive due to its quantitative nature. 
As well as being reliable and prevalent, it is one of the most widely used research methods. Such research models are 
useful for better defining a group’s opinion, attitude or behaviour on a particular subject. In addition to being adequate, 
valuable and representative, the sample of participants is also adequate. Aside from this, the methods of acquiring, storing 
and processing data have become more complicated and expensive due to the current Covid situation. 

RESULTS AND DISCUSSION 

As was discussed above, the primary purpose of this study was to identify the main requirements for an efficient and 
compelling on-line learning experience in a civil engineering programme, along with the main factors influencing its 
quality. The survey mentioned above was conducted to establish the main guidelines for a vigorous on-line learning 
with the aim of continuously improving the effectiveness of the virtual learning. An important consideration in 
evaluating on-line learning is assessing how students would have benefited from it. Should the current pandemic 
situation continue or if any similar situation occurs in the future, the shortcomings and suggestions provided by students 
will be applied to improving the virtual teaching modality at PMU. 
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In addition to tabulating and analysing the students’ responses to the survey, the results of the survey were reported as 
well. Firstly, the different groups of questions were analysed separately to perceive and quantify students’ answers and 
appreciations. Then, the comments assembled or collected from Q22 regarding major benefits, major drawbacks and 
suggestions for improvement were examined. 

Administrative Support 

A well-supported on-line education programme will require administrative support, such as funding, guidance, teaching 
programme improvement, oversight and assistance to remove obstacles that prevent improvement. To develop an effective 
learning environment, careful and purposeful processes must be followed including courseware design, technology 
selection, faculty and other staff skills development, and consideration of student workloads. It is believed that for 
an on-line programme to be successful, it must be well developed. In order to design courses that are effective, 
instructors need to understand that students have diverse preferred learning styles. Table 1 presents the students’ 
responses (in percentages) concerning the teaching method, which should be followed in on-line learning. It is clear 
from Table 1 that students prefer to follow on-line classes or learn virtually in small groups (≤ 5 students), or to a lesser 
extent, to conduct individual assignments. 

Table 1: Results of students’ response scores for Q1. 

Learning and retaining information is the whole point of studying. The number of hours students will have to spend 
studying is one of the most common questions prospective students ask about in the programme department. It has been 
suggested over the years that a certain number of hours each student should spend studying depends on how difficult the 
class is and how efficiently they study. Table 2 shows the students’ response scores about the number of credit hours 
that the students prefer to gain while learning virtually per semester at most. This table indicates that all scores are 
below 50%. However, it can be deduced from this table that the students almost prefer to take 12 to 15 credit hours per 
semester. The highest score of 39% was obtained for virtual learning of 15 credit hours, which represent an average of 
five different courses. 

Table 2: Results of students’ response scores for Q2. 

A variety of examination questions are used in universities as a means of assessment and evaluation, such as: 

1) multiple choice;
2) true/false;
3) matching;
4) short answers;
5) essays;
6) oral;
7) computations.

Table 3 displays the students’ feedback concerning the type of questions they prefer as a means of evaluation and 
examination. This table indicates that, except for the courses Materials in Civil Engineering, Engineering Geology, 
Environmental Engineering, and Water and Wastewater Treatment, seventy five percent (75%) of the students prefer 
essay questions in all remaining civil engineering courses listed in Table 3. 

The students’ response score is rational since the four courses listed above are predominantly theoretical courses, and 
the multiple-choice tests could be more appropriate. However, it is worthy to note that in the case of on-line leaning, 
this type of tests in not applicable and secure. The experienced in-place faculty members acclaim and endorse the adoption 
of essay question and problem solving in on-line examinations for all civil engineering courses listed in Table 3. 
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Table 3: Results of students’ response scores for Q3. 

Course Content 

Project-based learning involves students working on an authentic, engaging and complex question, problem or 
challenge for an extended period of time to gain knowledge and skills. Collaboration and group work are key 
components of project-based learning, which includes critical thinking, communication and creativity skills. According 
to the students’ responses grouped in Table 4, the project-based teaching style can be applied in both modes of teaching 
(in person or on-line learning). A limited number of students are slightly more favourable and supportive in using this 
style of teaching in face-to-face learning. 

Table 4: Results of students’ response scores for Q4. 

The term assignment refers to a piece of (academic) work or task. During this activity, students are given the opportunity 
to learn, practice and demonstrate that they have achieved learning goals. It serves as evidence for teachers that their 
students have accomplished their goals. Table 5 indicates that more than seventy percent (70%) of the students are positive 
and agreeable to use more assignments and homework in on-line teaching. 

Table 5: Results of students’ response scores for Q5. 

Figure 6 shows the students’ response score about the activities that are the most engaging in on-line learning. It is clear 
from this figure that the students prefer lecture and applications during their on-line learning. Lecture here can be 
defined as an oral presentation given by an instructor throughout the class session to convey information or teach 
students about a particular subject. During lectures, important information, history, background, theories and equations 
are presented to the students. 
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Table 6: Results of students’ response scores for Q6. 

Course Design 

Post Covid-19, most universities around the world have well-established infrastructure for offering courses either 
virtually or in person. This is advantageous and can offer good flexibility in course offering when special or unusual 
situations arise. Course design is an integral part of the learning and teaching process that must be fully addressed and 
clearly communicated with students. In this study, course design was assessed and evaluated in terms of mode of 
instruction and whether or not textbooks are imperative. 

It is, therefore, of great importance to inspect students’ perspective on which mode of course offering they prefer in 
order to set guidelines for a vigorous on-line learning in a civil engineering programme. That said, results shown in 
Table 7 and Table 8 revealed that in courses, such as Engineering Geology, Environmental Engineering, Engineering 
Probability and Statistics, Sustainability Engineering, Introduction to Geotechnical Engineering, Air Pollution and 
Control, and Water and Wastewater Treatment the on-line mode of teaching is preferred. The scores in percentages 
obtained for these courses for the on-line teaching mode are greater than 30%. Furthermore, all scores of these courses 
are higher than those recorded for the face-to-face teaching mode. In the other eleven courses shown in Table 7, 
students prefer the in-person teaching and learning mode. This could be attributed to the nature of the course content 
and the ease of applications and problem solving. 

Table 7 and Table 8: Results of students’ response scores for Q7 and Q8. 

Tables 9: Results of students’ response scores for Q9. 
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Table 9, on the other hand, shows students’ responses concerning the mode of teaching in which textbooks are 
imperative. It is clearly shown that 61% of the students think that the textbook is needed for the in-person mode of 
teaching and only 39% think that textbooks are needed and imperative when teaching is conducted virtually. 

It is speculated that this observation is due to fact that in virtual classes or the on-line mode of learning instructors tend 
to provide more on-line materials, class notes and resources to make up for not being in direct contact with students. 
Most of the textbooks used in the programme are available on-line and can be linked directly to a learning management 
platform, such as Blackboard. 

Instructor Characteristics 

Instructor characteristics are equally important in the learning and teaching process. This factor was considered by 
incorporating questions in the survey, including the instructor aspects students prefer in a virtual learning environment, 
students’ expectations from the instructor during a virtual class, and students’ expectations from their instructor concerning 
the current tools used to conduct a virtual class. 

The results have shown that regarding the instructor aspects students prefer in a virtual learning, the demonstration of 
enthusiasm and excitement about teaching the course is something that is well received and positively looked at by 
students (21%), followed by storytelling and linking real-world applications with theories being explained in the class 
(17%). Encouraging participation and asking questions during the class received the lowest preference among students 
(6%). Overall, 56% of the students supported all the above aspects be practiced by instructors as shown in Table 10. 
This result was anticipated because if teachers show passion in teaching, this passion will be transmissible to everyone 
in the classroom. 

Tables 10: Results of students’ response scores for Q10. 

As far as students’ expectations from instructors during a virtual class are concerned (Table 11), 33% of the students 
expected periodic checks by the instructor to see their progress. Sixteen percent expected conducting formal or informal 
surveys to assess attitude, workload and challenges faced by students, and only 8% expected ad hoc quizzes to ensure 
comprehension of the material. These results can be explained by students’ immense care about their learning experience 
and best educational earnings. 

Tables 11: Results of students’ response scores for Q11. 

Table 12 presents students’ expectations from their instructors considering the current tools used to conduct the virtual 
classes. It is clearly presented in the table that recording the virtual sessions is the most expected act from instructors 
(27%). This is reasonable since it allows students multiple chances to go back to the recordings and re-watch the lecture 
and use as a studying material for different upcoming class activities. Comparatively, only 3-8% of the students expected 
the other three items presented in Table 12, and 57% expected the four items altogether. 
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Tables 12: Results of students’ response scores for Q12. 

Learner Characteristics 

The results obtained showed that only 7.5% of the students believed that to be successful in on-line learning the student 
should be persistent, and 11% of them admitted seeking help when needed. However, 66% of the students believed all 
items listed in Table 13 were important characteristics for learners in order to attain benefits from virtual sessions. 
Accordingly, the students should be persistent, tolerate technical problems, seek help when needed, and work daily on 
every class and persist through challenges. This finding or observation was received and accepted by the experienced 
in-place faculty members. Students who pursue education on-line must be motivated, committed, prepared and 
proactive. Persistence, organisation and engagement can enhance students’ learning capacity. Aspiration and persistence 
are also required to achieve maximum academic success. Satisfactory on-line students can develop techniques to stay 
involved and interested in their on-line course. The present study aimed to establish ways in which authorities can 
increase the efficiency of students from current teaching and learning processes. 

Tables 13: Results of students’ response scores for Q13. 

In Table 14, 26% of the students believed that independent, motivated, determined to succeed and responsible learners 
to be more successful in virtual learning. Whereas, 66% of the students agreed that to become a successful learner, one 
must possess all the characteristics that were included in Table 14 and listed below. Through effective communication, 
students can control their own learning environment and strategies to complete course requirements, and achieve 
individual academic achievement. 

Tables 14: Results of students’ response scores for Q14. 

Table 15 shows different levels of communication of students with their instructors. The results show that 17% of the 
students supported the second criterion or statement, which is about the learner’s involvement with the instructor 
regarding the perception and understanding level of course materials. Attention to e-mails and course announcements 
by the instructor obtained 13% of the students’ responses. Similarly, 59% of the students said that all of the traits listed 
in Table 15 were necessary for someone to be a successful learner. Successful on-line students must be self-disciplined 
and goal-oriented to complete successfully their tasks, read all e-mails and announcement in time, understand the course 
materials and ensure they ask questions they have. Successful on-line learners are aware that their instructors are 
facilitators of their learning process and that each individual learner must be a committed self-starter with clear goals. 
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Tables 15: Results of students’ response scores for Q15. 

Technology Support 

Table 16 to Table 18 show the results of the investigation of technological support based on student opinion. The results 
grouped in Table 16 indicate that around 70% of the students are more motivated to learn, when a PowerPoint 
presentation or whiteboard and pen is used to share the necessary information and lectures during a virtual lesson. 
In addition to the list highlighted in Table 16, video conferencing platforms could be popular that allow screen sharing 
permitting users to annotate any on-screen material, and one may set up a shared whiteboard for students to collaborate 
on problem solving. 

Tables 16: Results of students’ response scores for Q16. 

From Table 17, it is clear that students prefer a laptop and a desktop (about 69%) for participating in or facilitating 
interaction in virtual lessons. Furthermore, according to the results summarised in Table 18, 33% of the survey respondents 
strongly agree that a stable and reliable Internet connection is required for smooth virtual lessons. It is likely that 
the transition to more varied and interactive learning models will continue. The present study can explore the best 
options from learner opinion regarding technical support necessary to conduct more interactive virtual lesson. Lessons 
become more engaging and entertaining when technology is used properly, which allows each student additional 
opportunities to actively participate with their subject matter. 

Tables 17: Results of students’ response scores for Q17. 

Tables 18: Results of students’ response scores for Q18. 
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Social Support 

Likewise, the social support is one of the most important parameters that influence the quality of virtual learning. 
For this reason, a measurement of the impact of social support on on-line learning was carried out using a questionnaire 
that consists of three main questions. 

The first question aimed to investigate the students’ needs in order to be successful in a virtual learning environment. 
Table 19 presents the results of students’ responses. It is obvious that the majority of the students (56.7%) agreed that 
all the listed needs are essential for them. Therefore, based on these results, it is clear that students need to work in 
a quiet environment, turn off their cell phones during virtual learning, set up good lighting and uninstall any games that 
could cause disruptions to them during their learning session. 

Tables 19: Results of students’ response scores for Q19. 

The second question intended to investigate the preferable situation at the place of students’ residence during their 
virtual learning. The results are shown in Table 20, where 50% of the students agreed that having a moderate amount of 
responsibilities best suits them in order to succeed in their on-line learning. 

Tables 20: Results of students’ response scores for Q20. 

The third question intended to investigate the influence of the students’ surrounding on their virtual learning. As shown 
in Table 21, it is obvious that the majority of the students (75%) agreed that no one should disturb them during their 
on-line learning. 

Tables 21: Results of students’ response scores for Q21. 

Student Additional Comments 

All the comments addressed by the students in question Q22, i.e. additional comments concerning the guidelines of 
rigorous on-line learning, were collected and analysed. The main students’ observations obtained from this study are 
summarised as follows: 
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1. Instructors should motivate students in their on-line classes.
2. Lectures should be recorded.
3. Students should adopt a learner’s mindset in order to gain knowledge and remember it in the long run.
4. Students should stay away for disturbing means, such as children, television, etc.
5. Instructors should be tolerant with students’ circumstances during on-line learning.
6. Quizzes and examinations should be conducted in person (face-to-face).
7. Some classes must be conducted in person, such as AutoCAD drawing and Laboratory.
8. In order to motivate students further, more activities should be included in on-line learning (such video sessions,

practical applications, etc).
9. Internet connection should be stable and the learning environment should be healthy.

The comments above are mostly in agreement with the observations made by students analysed by Ayadat [14]. 

CONCLUSIONS AND RECOMMENDATIONS 

During the Covid-19 pandemic, educational practitioners have experienced utilising the on-line learning mode to deliver 
courses with mixed results. It has been demonstrated by several educators that efficient on-line teaching delivery can 
make students achieve learning outcomes as that of the traditional face-to-face mode. Although the pandemic is nearly 
over, the on-line learning mode can still be used under certain circumstances, and potentially practiced in combination 
with the traditional learning mode as a hybrid approach. 

The following are the main requirements and recommendations for efficient and compelling on-line learning in a civil 
engineering programme based on the present study: 

1. Students prefer to learn virtually in small groups (≤ 5 students). They almost prefer to take 12 to 15 credit hours per
semester. They prefer essay-type questions in all civil engineering courses, except Materials in Civil Engineering,
Geology Engineering, Environmental Engineering, and Water and Wastewater Treatment.

2. Project-based learning can be incorporated into the on-line mode. Students are positive and agreeable to use more
assignments and homework in on-line teaching. They prefer lectures and theoretical applications (design) as the
teaching style during on-line learning.

3. The civil engineering programme can technically deliver all courses on-line. However, some courses with
theoretically oriented content are preferred on-line. The textbooks are not imperative in the on-line mode.

4. Students prefer the instructor who demonstrates enthusiasm and excitement about teaching the course. They anticipate
periodic checks by the instructor to see their learning progress. Furthermore, they expect from the instructor to
record the virtual sessions (lectures, tutorials, etc), and to regularly check all links, resources, modules and
activities. Students also expect the instructor to assist if/when they are having difficulty navigating course link.

5. Students should be persistent, tolerate technical problems, seek help when needed, work daily on every class,
persist through challenges, determined to succeed, independent, internally motivated, responsible and have a certain
level of maturity. Moreover, they should read and pay close attention to their e-mails and course announcements,
keep the instructor informed of their learning situation and make sure they ask all the questions they have, and take
advantage of their instructor’s virtual office hours.

6. Students prefer using PowerPoint presentations or a whiteboard with pen to share the necessary lecture information
during a virtual lesson. They prefer using laptops and desktops in virtual lessons. They agree that a stable and reliable
Internet connection is paramount for smooth virtual lessons.

7. Students need a quiet place to learn on-line without distractions, consider uninstalling any computer games and any
unnecessary software distractions, turn off cell phones, and setup good lighting and comfortable seating. Furthermore,
they prefer to have a moderate amount of responsibilities in order to succeed in their on-line learning, and no one
should disturb them during this activity.
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