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PAPER

Investigating the Effect of Using Educational Videos 
and Recorded Lectures in Understanding the Contents 
of Pre-Engineering Courses

ABSTRACT
Some students may struggle to understand the contents of courses with intensive conceptual 
content and problem-solving, especially when the courses are offered online. Offering courses 
online may present challenges such as technological issues, time management, and a lack 
of interaction with instructors. This paper investigates the effect of using educational vid-
eos and recorded lectures on students enrolled learning and performance. A questionnaire 
survey was conducted among students in the “Engineering Economics” course at an inter-
national institution for pre-engineering students before they chose their specialization. The 
survey was conducted during the Fall 2021 semester (before the coronavirus pandemic) and 
the “Spring 2022” semester (during the pandemic). The performance of students during the 
“Spring 2022” semester was compared with their performance during the “Fall 2021” semes-
ter, when students relied solely on face-to-face lectures. During the “Spring 2022” semester, 
educational videos and recorded lectures were made available to students. Analysis results 
revealed that students had a positive perception towards the use of educational videos and 
recorded lectures. Students’ feedback regarding watching videos and recorded lectures was 
quite positive and enhanced their performance in the course. A generic VBA framework was 
developed to suggest educational videos and recorded lectures relevant to selected course 
topics. An initial pilot test of this tool received very positive feedback from students.

KEYWORDS
coronavirus pandemic, educational videos, higher education, online learning, recorded  
lectures

1	 INTRODUCTION

It is undeniable that the influence of information and communications technol-
ogy (ICT) on our day-to-day practices has historically reached its peak, particularly 
with the lockdown measures of the coronavirus pandemic on our planet. In fact, 
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ICT usage is no longer limited to checking grocery lists or transferring money to 
the other side of the globe; instead, it is now fully integrated into our educational 
settings. It acts as a virtual medium connecting students and their teachers, facilitat-
ing regular teaching through online platforms. The growing number of online open 
courses has made online-learning videos increasingly acceptable for both students 
and teachers [1]. Due to these technological advancements, educators are shifting 
towards the utilization of more effective teaching methods to enhance the learning 
process [2]. YouTube, for example, plays an important role in providing access to 
educators and students. However, finding suitable videos for educational purposes 
can be challenging.

The “Engineering Economics” course is one of the fundamental core courses that 
all pre-engineering students must take before specializing. The course provides stu-
dents with basic knowledge related to the principles of engineering economics, cost 
components, price-demand relationship, time value of money, the concept of infla-
tion, cost estimation techniques, cash flow analysis, evaluating a project’s perfor-
mance, and comparing alternative engineering solutions. In essence, most students 
have difficulty understanding these essential concepts solely by attending lectures 
and reading the course lecture notes. This can be attributed to the ineffectiveness 
of the current traditional practices used for delivering course material, which focus 
heavily on explaining the theoretical aspects of the courses rather than emphasizing 
understanding the conceptual essence of the topics. Millions of students and teach-
ers have been utilizing the digital platforms for learning, whether willingly or reluc-
tantly. One method that has been utilized is the incorporation of online and recorded 
educational video lectures for learning purposes. Using videos for education is a 
versatile method because it allows information to be covered succinctly while pro-
viding an engaging environment for the learner.

2	 BACKGROUND	AND	LITERATURE	REVIEW

It is evident that the traditional face-to-face lecturing method may not be the most 
effective instructional approach, as it fails to assist students in fully comprehending 
course topics and does not inspire them to expand upon their existing knowledge 
[3]. This is in addition to the fact that remote education may become prominent in 
certain circumstances, such as the coronavirus pandemic [4]. When students enroll 
in any engineering program, they are expected to acquire knowledge related to esti-
mating the cost of engineering alternatives, economically evaluating and compar-
ing different engineering solutions considering the time value of money, preparing 
financial statements and business plans for engineering projects, creating cash-flow 
analysis reports, conducting feasibility studies, and more. Various research efforts 
are available in the literature to help students gain knowledge related to their engi-
neering disciplines. Pena and Chen [5], for example, developed a 2D application to 
be used as a stand-alone instructional module. Many concepts in engineering eco-
nomics are challenging to grasp through traditional lectures alone. Therefore, inte-
grating educational videos as a crucial component of the course pedagogy has a 
positive impact on students’ learning at both the undergraduate and graduate levels 
[6, 7, 8, 9]. Introducing instructional videos as part of the course pedagogy will also 
enhance the educational process and improve the quality of students’ learning [10]. 
The video-based materials include the course subjects to be learned and their corre-
sponding educational videos. By utilizing videos, students will have the flexibility to 
watch them at their convenience and from any location. Users can pause watching 
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at any time, resume later, and replay the material as needed. Video-based education 
is not a new learning method and is considered an important addition to students’ 
learning processes. Many educational institutions now utilize and promote online 
educational videos as an important and useful delivery tool.

Video-based learning practices should be evaluated to explore their pros and 
cons, as well as to investigate their educational usefulness and effectiveness. 
Several research studies in the literature explore the effectiveness of using videos 
to enhance learning. The study by [11] and [12], for example, evaluated the effect 
of video-based learning on students’ performance. In a study conducted in Ghana 
involving 20 students, the perception orientation was positive despite the students’ 
dissatisfaction with the format, content, and domain of the videos [13]. A study by 
[14] utilized a web-based information system to enhance learning videos by incorpo-
rating various methods of interaction and communication through on-demand and 
live broadcasting videos. Ketsman et al. [15] examined the students’ performance 
after incorporating problem-solving videos with quizzes into an undergraduate 
course. More recently, the study by [16] examined the effect of using instructional 
videos with embedded virtual humans for learning. The result of this study sug-
gests that certain aspects of learner control can be beneficial when learning from 
instructional videos featuring embedded virtual humans. In another study by [17], 
a scheme for classifying instructional videos based on eight features was pre-
sented. Interaction, screen design, sequence, included components (picture, voice, 
and text), and content are among the important features. Ring and Brahm [18], 
on the other hand, developed a framework comprising twelve criteria in five dif-
ferent categories: video content, learner orientation, representation and design, 
language, and process structure, to evaluate the quality of educational videos. 
A very recent study by [19] investigated the impact of blended online and offline 
teaching environments and resources on students’ learning satisfaction. Most of 
the studies in the literature demonstrate a relatively positive impact on students’ 
performance when utilizing educational videos compared to not utilizing them. 
However, using online educational videos and recorded lectures for learning has 
its advantages and disadvantages. The pros and cons of using online educational 
videos and recorded lectures are presented in the following subsections, followed 
by some research efforts related to adapting recorded lectures to best fit students’ 
educational needs.

2.1	 Pros	of	using	online	educational	videos	and	recorded	lectures

Online lectures and educational videos have provided students with greater 
flexibility in their learning experience, which has been positively reflected in their 
academic performance [20]. Videos, such as online lectures or recorded lecture 
videos, can be uploaded to various educational platforms for students to watch 
and download. This form enables multiple students to gather virtually at the same 
moment, despite being in different time zones. Hence, class capacities have drasti-
cally increased compared to class sizes in traditional (face-to-face) settings, which 
provides an opportunity for all students to continue their studies despite long dis-
tances [21]. Similarly, through recorded videos, students can listen to their lectures 
repeatedly and at their own pace, anytime and anywhere. Watching recorded 
lectures enables students to take additional notes for studying or to refer back to 
clarify topics and consolidate knowledge [20, 22, 23, 24]. Students can listen effec-
tively and digest the presented information, which enhances their concentration 
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during the lecture. This approach helps prevent distractions, confusion, and frus-
tration caused by trying to take notes quickly while also understanding the lesson 
[23, 24, 25, 26].

The study of [24] indicated that 80% of the students perceived lecture record-
ings as helpful, and educational videos encouraged students to work outside of 
face-to-face contact hours. In another study by [13], the attitudes and perceptions 
of students at a university in Ghana towards the use of videos as a teaching and 
learning medium were assessed. The outcome of this study indicates that most par-
ticipants perceived that the videos they watched enhanced their overall learning 
and improved their learning experience. In general, the adoption of watching vid-
eos has been positive. A study by [25] revealed that out of 395 students surveyed, 
96.3% utilized the available video materials. When it comes to appropriate devices, 
both mobile phones and laptops have been found to be beneficial for video-based 
learning [27]. In a study conducted by [28], it was found that the content of video 
subscription streaming services was exciting and motivating for foreign language 
learners in Japan, demonstrating their effectiveness in providing informal learn-
ing opportunities. When comparing PowerPoint presentations, projector presenta-
tions, videos, the Internet, and standard lectures for face-to-face learning, [29] found 
that students enjoyed educational videos the most compared to other modalities. 
Therefore, the findings support the use of videos for both distance and traditional 
face-to-face education.

Video lectures are not restricted to being used alone; instead, in some cases, 
students have the option to attend a live lecture, watch a video lecture, or utilize 
both formats. Many studies on online video lessons and recorded lectures have 
concluded that utilizing these two formats throughout students’ academic years is 
highly beneficial. Douglas et al. [30] found that dental students valued video instruc-
tion. They noted that using videos before classes allowed for better utilization of 
in-class time to be spent on discussions and reinforcing learning. [31] revealed that, 
despite the availability of recorded lectures for business students studying math-
ematics (n = 161), some students preferred online courses and remained commit-
ted to attending them due to the interactive learning opportunities they provided. 
Furthermore, these students distrusted the videos because they were concerned 
that some materials might not be covered in the videos but would be in live lessons. 
However, students found that the video lectures were convenient and allowed them 
to work at their own pace, catering to both more and less able students. Additionally, 
although there is a certain level of convenience associated with recorded lectures, 
[32] suggests that they cause students to gain surface-level knowledge of the sub-
jects taught.

Other studies support the idea of complementing traditional instruction with 
video lectures instead of substituting face-to-face interactions with virtual experi-
ences. In a study by [33], 396 biopsychology students were not required to attend 
face-to-face lectures. Instead, they opted out of attending in-person lectures and 
utilized recorded lectures as an alternative. Bos et al. [33] found that the num-
ber of students who watched the video recordings was greater than the number 
of students who attended the face-to-face lectures in this sample. Furthermore, 
no difference in the final grades was observed between students who attended 
face-to-face lectures and those who watched recorded video lectures. Recently, 
360-degree videos have been widely used for educational purposes. Due to their 
interconnected nature, 360-degree videos can be used in conjunction with several 
other technologies, such as augmented reality and virtual reality, to enhance the 
teaching and learning process [34]. The study by [34] suggested that educators 
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and students should be involved in the development process of 360-degree videos 
to better assess the effectiveness of such videos in education, create more 
student-centered environments, and achieve promising results. Herault et al. [35] 
developed a prototype that includes interactive, simulated 360-degree learning 
videos for nursing students. The purpose of this prototype is to train students to 
treat trauma patients.

2.2	 Cons	of	using	online	educational	videos	and	recorded	lectures

With today’s youth being familiar with the recent advances in technology and 
using smart devices in their everyday lives, leveraging technology for education can 
be advantageous in this modern world. However, some studies reported the oppo-
site. Hajhashem et al. [23] found that students in Australia had positive responses to 
video integration in their courses. Students who were considered to be more visu-
ally attentive would be more inclined toward video lectures. Therefore, this learning 
method may be more suited to some individuals than others. In a study by [36], 
this idea was challenged in the context of education, questioning whether using 
recorded lectures is more effective than traditional in-class methods. One group of 
106 law students received face-to-face lectures in the study. In contrast, the other 
group completed a self-paced module with video instructions. A study by [36] found 
that one method had no advantage over the other in this case. However, it was 
noticed that creating online videos takes considerable time and effort from instruc-
tors. Bahnson and Olejnikova [36] challenged the possibility that this time could 
be better spent on face-to-face student contact. Despite students’ positive attitude 
towards video lectures in the context of the flipped classroom model, [26] found that 
students disliked the inability to ask questions and felt burdened by the videos. In 
another study, [13] noted additional costs to consider when using videos in teaching, 
such as the requirement for students to purchase a device on which the video can 
be watched. Regarding expenses, students in Ghana faced challenges with large vid-
eos and encountered difficulty in storing them on a suitable device [13]. Despite the 
cost-related issues, it is expected that the price of devices and storage will decrease 
as technology advances. It is well established in the literature that as technology 
advances, the prices of electronic devices drop and the quality of products improves. 
Since 2001, the prices of electronic products have been declining, and other techno-
logical inputs have been causing the production costs and the final product prices to 
drop by 0.5% each year [37].

3	 ADAPTING	RECORDED	LECTURES	TO	BEST	FIT	STUDENTS’	
EDUCATIONAL	NEEDS

Cilesiz [21] explored student experiences with recorded lectures. It was noted 
that the students went through various stages when using the recorded lectures. 
Cilesiz [21] described the stages using the terms ‘ignorance,’ ‘disillusionment,’ ‘crisis,’ 
and ‘coping’ to highlight how students transition from a lack of awareness on how 
to effectively use video lectures to disillusionment, where they may focus on the 
negative aspects, to a crisis (another challenging stage), and finally to coping, where 
they manage this form of learning more effectively. The study revealed that students 
require training and support on how to effectively utilize video lectures. It should be 
acknowledged that students may need time to adapt to video lectures. Although this 

https://online-journals.org/index.php/i-jep


iJEP | Vol. 14 No. 2 (2024) International Journal of Engineering Pedagogy (iJEP) 25

Investigating the Effect of Using Educational Videos and Recorded Lectures in Understanding the Contents of Pre-Engineering Courses

was not possible during the COVID-19 pandemic, it is worth considering. Previous 
experiences and confidence in using technology have also been linked to students’ 
video-based learning experiences. Therefore, students must be trained to use vid-
eos for learning to maximize the impact of video-based learning experiences [27]. 
There is a need to prepare students for this type of learning.

Karppinen [38] warned that simply presenting information in a stimulating 
and interesting digital video format will not automatically lead to in-depth learn-
ing. Therefore, she cautions that video lectures must be perfectly integrated into 
the broader learning context to achieve the best outcomes for students. Long et al. 
[39] found that students preferred instructor-developed videos over other types of 
videos used for learning. The study provided this information because students 
felt engaged with the instructor and were familiar with their voice. Therefore, this 
made this type of video more engaging for students. Sex can also play a role, with a 
study [27] reporting that after surveying Indian Science, Engineering, and Business 
Management students, a more substantial relationship was observed in male stu-
dents between the perceived usefulness and actual usage of video-based learning. 
However, it depended on the students, with [25] observing that students who were 
less proficient in mathematics spent more time watching math video resources. 
Hajhashem et al. [23] warned that video lectures should not be used independently 
but as a complement to face-to-face teaching. Although it has not been possible 
during the coronavirus pandemic, it is a consideration for the future. The study also 
indicated that videos could be used as a flexible method to engage students, but 
they may not be suitable for everyone. There must be a suitable support network 
to maximize the benefits that video lectures provide and allow both students and 
teachers to use this resource, particularly during unexpected crises, such as the coro-
navirus pandemic.

Staff must be familiar with the technology required to optimize video lectures, 
and lecturers should be mindful of the video’s duration to prevent student boredom 
[23]. Research indicates that students prefer shorter, more concise videos [39], with 
one study [26] suggesting that students can maintain focus while watching a video 
for around 23 minutes. Additionally, there are various methods to edit and enhance 
videos. By including subtitles, recorded lectures and videos used for learning can be 
enhanced. Matthew [40] noted that students obtain information from other sources 
on the screen, such as graphs or tables, not solely from subtitles. This study also con-
cluded that students preferred edited subtitles over verbatim subtitles. Therefore, 
this is another factor for instruction to consider when using recorded lectures and 
videos for learning in higher education. Although there is ample research on the 
perceptions of students and instructors towards video-based learning, to support 
these key stakeholders, higher education institutions must provide practical tech-
nical support and administration for staff to develop videos and utilize appropriate 
technology to make them effective [27].

4	 PROBLEM	STATEMENT	AND	RESEARCH	QUESTIONS

It has been noticed that students, in general, have difficulty understanding cer-
tain course concepts, which is evident in their performance on assignments, term 
projects, quizzes, and exams. Therefore, various research efforts have investigated 
viable solutions that could help students understand the contents of courses and 
their essential concepts. Utilizing educational videos (including 360-degree videos) 
and recorded lectures in the form of video clips were some of the techniques 
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that demonstrated positive outcomes. In this study, the researchers provided stu-
dents with lecture recordings and links to useful YouTube educational videos by 
posting them on the Blackboard eLearning management system. The research-
ers designed possible tools to measure students’ perceptions and performance, 
enabling them to draw conclusions regarding the effectiveness of recorded lec-
tures and educational videos for learning purposes. This research addresses the 
following six questions:

1. How do students perceive the use of educational videos and recorded lectures for 
learning course content?

2. Is there a significant difference between male and female perceptions regarding 
the use of videos for learning course content?

3. Is there a significant difference in students’ perceptions of using recorded lec-
tures and educational videos to learn course content before and during the coro-
navirus pandemic?

4. What is the effect of using recorded lectures and educational videos on the over-
all performance of students?

5. What is the effect of watching educational videos after viewing their correspond-
ing recorded lectures?

6. Can the process of suggesting educational videos and presenting recorded lec-
tures related to a selected course topic be automated?

5	 METHODOLOGY

The methodology of this research can be summarized as follows:

1. Conduct a questionnaire survey among students registered in the “Engineering 
Economics” course at an international institution during the Fall 2021 semes-
ter (before the coronavirus pandemic) and the Spring 2022 semester (during the 
pandemic) to gather students’ perceptions regarding the use of educational vid-
eos and recorded lectures for learning course content.

2. Compare student perceptions before and during the coronavirus pandemic.
3. Investigate the effect of providing students with recorded lectures and educa-

tional videos on their overall academic performance.
4. Develop a Visual Basic for Applications (VBA) framework using Excel software 

to suggest educational videos and present recorded lectures related to a selected 
course topic.

6	 THE	QUESTIONNAIRE	SURVEY

In this study, 272 students enrolled in the “Engineering Economics” course 
during the Fall 2021 and Spring 2022 semesters at the College of Engineering, 
United Arab Emirates University, were requested to participate in the questionnaire 
survey. Before asking students to respond to the survey, they were informed that 
their participation was entirely voluntary, and their consent and approval were 
obtained. Students were informed about the purpose and content of the survey, 
and they were told that their participation is optional. Students were also informed 
about the meaning of each question in the survey. They were assured that their 
responses would be anonymous and would not affect their grades or be included 
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in the course evaluation. It was made very clear to students that the purpose of the 
survey is to gather their feedback on the use of recorded lectures and educational 
videos, assess their usefulness in the learning process, and examine the impact of 
these supplementary educational resources on their academic performance. The 
survey was posted on Blackboard, and a two-week period was given for respon-
dents to complete the survey. A copy of the questionnaire survey is provided in 
Appendix A.

This “Engineering Economics” course is a general compulsory pre-engineering 
course offered to all engineering students before they specialize. It may be noted 
that the percentage of female students was 54%, while it was 46% for male stu-
dents. As this study was conducted during two semesters and in different contexts, 
the students’ performance was compared. The main purpose of this comparison 
is to examine the effect of using recorded lectures and educational videos on stu-
dents’ performance before and during the coronavirus pandemic. During the coro-
navirus pandemic (Spring 2022 semester), lecture sessions were delivered online, 
and course materials were also posted on the Blackboard learning platform. These 
materials included lecture notes, assignments, quizzes, exams, recorded lectures, 
educational videos, and surveys. At the start of the Spring 2022 semester, students 
enrolled in the Engineering Economics course were advised that if they needed 
help with a specific topic, they should first rewatch the recorded lectures and 
then view the corresponding educational videos. During the Fall 2021 semester, 
lectures were delivered traditionally in face-to-face format. Lecture notes, course 
material, and announcements were posted on the Blackboard learning platform. 
The Blackboard system allows educators to monitor the progress and performance 
of students.

To gather feedback and assess students’ perceptions of the effectiveness of 
recorded lectures and educational videos as learning tools for comprehending 
course materials, a questionnaire survey was created and distributed to 272 male 
and female students. A total of 215 student responses were collected using the 
Blackboard’ learning platform, representing a 79% response rate. The question-
naire survey consisted of questions answered using a 5-point Likert scale rang-
ing from very low (1) to very high (5) [41, 42]. The questionnaire survey items 
were reviewed for clarity, readability, and completeness to determine which 
questions should be included or excluded from the survey. As a result, only  
20 items were included in the questionnaire. The internal consistency and reliabil-
ity of the questionnaire were calculated using Cronbach’s alpha, which assesses 
the extent to which items in a questionnaire or survey measure the same con-
struct or dimension. The results showed that the questionnaire has remarkably 
high reliability, with a Cronbach’s alpha of 0.913. A panel of experts in the fields 
of education, engineering, and statistics analyzed and validated the responses 
received from students. The Statistical Package for the Social Sciences (SPSS) was 
used in this study to analyze the data collected from the survey respondents. 
Using SPSS, two types of statistical analysis were employed: (1) descriptive statis-
tics of central tendency for the questionnaire items, and (2) independent sample 
t-tests to investigate any significant differences between male and female stu-
dents, as well as between results before and during the coronavirus pandemic. It 
is also important to understand the learning outcomes (CLOs) of the ‘Engineering 
Economics’ course to evaluate the performance of students before and after 
using recorded lectures and educational videos. The following section presents 
the topics covered in the Engineering Economics course, along with the CLOs and 
course objectives.

https://online-journals.org/index.php/i-jep


 28 International Journal of Engineering Pedagogy (iJEP) iJEP | Vol. 14 No. 2 (2024)

Almekhlafi et al.

7	 COURSE	LEARNING	OUTCOMES	AND	OBJECTIVES

This study was conducted for the “Engineering Economics” course, which is 
a mandatory course for all pre-engineering students at the United Arab Emirates 
University. It is a required course for students pursuing various engineering disci-
plines. This course covers topics related to the main principles of engineering eco-
nomics, different cost components, the price-demand concept, cash flow analysis, 
money-time relationships, the concept of equivalency, present-economy studies, cost 
estimation techniques, measuring project performance, comparing alternatives, and 
the entrepreneurship concept and its relation to the engineering design process. 
The course is designed to ensure that the learning objectives and outcomes align 
with the general objectives and outcomes of the College of Engineering. This helps 
ensure that the course aligns with the college’s overall goals and equips students 
with the essential skills and knowledge needed to excel in their future careers. The 
course objectives and learning outcomes are as follows:

Course objectives:

1. Various principles of engineering economics are essential for making engineer-
ing decisions.

2. Comprehend the money-time relationships between money and time and their 
applications in engineering problems.

3. Draw and analyze cash flows for a single project and multiple projects.
4. Identify the techniques of cost estimation and their relationship with the 

design process.
5. Evaluate the economic feasibility of both a single project and multiple projects.
6. Identify a new venture and develop a business and financial plan.

Course learning outcomes:
Upon successful completion of the “Engineering Economics” course, students 

are expected to understand the principles of engineering economy, basic cost ter-
minologies, the relationship between price and demand, various cost estimation 
techniques, and the concept of the time value of money. Students are expected to 
evaluate a single project, choose among alternative projects, and comprehend entre-
preneurship concepts, including the preparation of a feasibility study, a business 
plan, and a financial plan for a new venture.

8	 THE	USED	EDUCATIONAL	VIDEOS	AND	RECORDED	LECTURES

An intensive search was first performed to find the best educational videos, 
including 360-degree videos, for the ‘Engineering Economics’ course. These vid-
eos were collected, reviewed, and filtered for further use in this study. Lectures 
were also recorded during class sessions and made available to students on 
the Blackboard learning platform, along with selected educational videos. The 
recorded lectures and educational videos covered various course topics, includ-
ing cost terminology, engineering economic analysis processes, price-demand and 
money-time relationships, equivalency concepts, evaluating a single project, com-
paring alternative engineering solutions, cost estimation techniques, integrating 
cost estimation with the design process, entrepreneurship, business and finan-
cial planning, and the new venture valuation rule. During the Spring 2022 semes-
ter, the instructor introduced the course topics, and students were instructed to 
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watch educational videos related to the topics discussed in class. Students were 
also advised to watch the recorded lectures at their convenience to ensure that 
they fully comprehended the concepts covered in the topics. The course instruc-
tors carefully reviewed the selected educational videos and recorded lectures 
before posting them for students to ensure their suitability and relevance to the 
course topics.

In this study, the assessment tools used to evaluate the students’ performance 
in the ‘Engineering Economics’ course include in-class activities, homework assign-
ments, quizzes, term projects, midterm exams, and final exams. At the end of the 
semester, students were asked to respond to the questionnaire survey posted 
on Blackboard.

9	 ANALYSIS	OF	RESULTS

It is well established in the literature that the implementation of blended learn-
ing in educational institutions is limited. The delivery of engineering courses has 
been constrained by the conventional teaching approach and the use of limited tech-
nology, such as smartboards and PowerPoint presentations. In general, educational 
videos and recorded lectures offer significant advantages to students by enhanc-
ing their comprehension of various course topics, thereby improving their overall 
learning process. This is in addition to the advantage of having educational videos 
and recorded lectures available for students to watch anytime and anywhere. In the 
present study, we investigated the efficacy, advantages, and usefulness of incorpo-
rating videos and recorded lectures into the learning process, as well as students’ 
satisfaction with watching these resources. The study emphasizes the need for 
instructional videos that could be either be created by course instructors or selected 
from YouTube and published on the university website. This was then achieved 
through a careful step-by-step process to select the most appropriate and relevant 
educational videos for the current study.

The results related to the responses of students to the first question of the sur-
vey, which inquired about how students perceive the use of recorded lectures and 
educational videos for learning course content. The results are shown in Table 1. 
The results revealed that students had an overwhelmingly positive perception of 
the use of recorded lectures and educational videos for learning course content 
(see Table 1). As shown in the table, the students’ mean scores (M) ranged from 3.6 
to 4.2, with a standard deviation (SD) ranging from 0.9 to 1.5 on a 5-point Likert 
scale. In this scale, 1 stands for “strongly disagree (SDA),” 2 for “disagree (DA),” 3 for 
“neutral (N),” 4 for “agree (A),” and 5 for “strongly agree (SA).” Since the responses 
were above 3.0, it can be inferred that the students agreed or strongly agreed with 
the use of recorded lectures and educational videos to study course topics. This is 
clearly supported by the percentage of responses. For example, 61.2% of the stu-
dents agree or strongly agree that they prefer studying content using recorded lec-
tures and educational videos. Also, 71.2% agree or strongly agree that they prefer 
that the instructor record lectures and provide educational videos, while 73.3% 
agree or strongly agree that the university should offer online educational videos 
for learning purposes.

The students’ positive responses and preferences for using recorded lectures and 
educational videos for learning could be because the recorded lectures and videos 
not only present and explain the course topics and concepts but also cater to visual 
and auditory learning styles. Additionally, the recorded lectures and videos can help 
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students understand the content more easily if they are well-prepared and carefully 
selected by course instructors. In several comments received from students, they 
mentioned that having these additional learning tools has enhanced their learn-
ing experience, making the learning process more attractive and interesting. This 
is in addition to the fact that some students may lose focus during lectures. Having 
recorded lectures and videos available online provides an additional benefit to stu-
dents, as it allows them to access these educational materials online anytime and 
anywhere, remotely and conveniently. They also have the option to rewatch them 
as many times as they want and whenever needed.

Table 2 shows the responses of male and female students to question 2: Is there 
any significant difference between male and female perceptions towards the use of 
recorded lectures and educational videos for learning course contents?. The paired 
t-test results presented in Table 2 for this study revealed significant differences in 
most items between males and females.

Table 1. Students’ perception towards the use of recorded lectures and educational videos for learning course contents

Perception
Percentages of Responses

M SD
SDA DA N A SA

Recorded lectures and educational videos helped students comprehend 
course topics

9.4 7.5 21.9 31.8 29.4 3.6 1.2

Recorded lectures and educational videos improved students’ understanding of 
the course concepts

1.3 8.1 24.4 31.2 35.0 4.0 1.0

The contents of educational videos is similar to the lectures 0.6 3.1 21.3 36.9 38.1 4.1 0.9

Students prefer recorded lectures 6.3 5.6 16.9 30.0 41.2 4.0 1.2

Students prefer to see the instructor in the recorded lectures 6.3 10 20 34.4 29.3 3.7 1.2

The assistance received from the educational videos was very helpful 5.6 3.8 21.9 36.9 31.8 4.0 1.1

The materials of some videos were distracting 5.6 10 30.6 25.6 28.2 3.6 1.2

Some videos contain materials that are not covered in the course lectures 4.4 11.9 39.4 13.8 30.5 3.6 1.2

Blended learning is preferred 5.0 6.9 43.1 15.6 29.4 3.6 1.2

Videos are clear enough to understand 1.9 7.5 21.9 36.3 32.4 4.0 1.1

Students prefer posting videos posted on Blackboard rather than YouTube 3.9 6.4 16.4 31.9 41.4 4.1 1.2

Videos are made for commercial purposes rather than for education 6.4 12.0 18.2 32.0 31.4 3.8 1.4

The main problem with the videos is the quality of recording 7.0 9.5 25 30.7 27.8 3.7 1.4

Selecting good video materials helped students better understand course concepts 1.9 6.9 12.6 34.5 44.1 4.2 1.3

It is always preferred to have videos for all course lectures and topics 3.8 4.4 18.2 37.7 35.9 4.1 1.4

Participating in this survey was important to improve teaching 3.8 2.5 23.1 38.8 31.8 4.0 1.5

Responding to this survey will make positive changes in the course 
learning process

5.6 2.5 18.8 29.4 43.7 4.1 1.6

It is recommended that other courses use recorded lectures and videos in teaching 6.3 6.9 10.6 32.5 43.7 4.1 1.7

As depicted in Table 2, the average scores of male students were significantly 
higher than those of female students. Male students had higher mean scores, rang-
ing from 3.47 to 4.31, than female students, whose scores ranged from 2.79 to 3.69, 
on a 5-point Likert scale.
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Table 2. Perceptions of male and female students towards the use of recorded lectures and educational 
videos for learning course contents

Question Male Female t

Do you prefer studying using recorded lectures and videos? 3.90 2.79 4.67**

Do you think that the selected videos were helpful? 4.02 3.42 2.85**

Were the videos materials similar to the one covered during lectures? 4.29 3.50 4.66**

Do you prefer your instructor to record his own videos? 4.12 3.21 3.74**

Do you like the instructor to appear in the video? 3.61 3.17 1.75

Did you get helpful assistance form the videos seen? 3.90 3.23 2.95**

Were the materials of some videos distracting? 3.65 2.88 3.53**

Some videos contain materials not covered in course lectures 3.47 3.12 1.51

Do you prefer to have blended learning? 3.49 3.50 −0.04

Videos are clear enough to understand 3.96 3.44 2.39*

It is preferred to have videos posted on Blackboard rather than 
on YouTube

4.10 3.58 2.19*

Videos are made for commercial purposes rather than for education 3.45 3.21 0.92

The main problem with the videos is the quality of recording 3.55 3.02 2.22*

The sound of the videos was clear enough 3.92 3.54 2.04*

Selecting good video materials helped students better understand 
course concepts

4.31 3.67 2.94**

It is always preferred to have videos of all course topics 4.22 3.60 2.76**

It is preferred to have extra videos of solved cases 4.12 3.73 1.66

Participating in this survey was important in order to improve 
teaching of courses

4.29 3.48 3.82**

Responding to this survey will make positive changes in the course 
learning process

3.90 3.69 0.82

In general, is it recommended that other courses start using videos 
in teaching course concepts?

4.08 3.42 2.57*

Notes: *p < 0.05; **p < 0.01.

From these results, male students exhibited a positive attitude towards using 
recorded lectures and videos to learn course content. They preferred studying 
through recorded lectures and videos. They found the educational videos extremely 
helpful and wanted more videos of the same nature. They also liked the idea of 
other courses using such videos and recorded lectures. Contrary to male students, 
female students were neutral towards using recorded lectures and videos to learn 
course content. A possible explanation is that male students are busier with other 
out-of-class life-related issues and prefer to take advantage of online studying rather 
than attending classes face-to-face, allowing them to fulfill their other daily respon-
sibilities. Another reason can be attributed to the fact that male students tend to 
lose focus during class time. Having lectures recorded online, along with additional 
educational videos, will help them review the course material after class hours and 
at their convenience. This is in addition to the fact that male students participate 
more in other extracurricular activities compared to female students. Some male 
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students were interviewed later and asked about the reasons for preferring to use 
recorded lecture notes and educational videos over attending face-to-face lectures, 
in comparison to female students. Their response was that male students who work 
have a heavier workload and busier social lives and commitments compared to 
female students.

Table 3 presents the results of the responses to question 3: Is there a significant 
difference between students’ perceptions of using recorded lectures and educational 
videos to learn course content before and during the coronavirus pandemic? The 
mean scores of male students were higher than those of female students. Male stu-
dents had higher mean scores ranging from 3.69 to 4.47 compared to female stu-
dents, whose scores ranged from 3.26 to 3.98 on a 5-point Likert scale. The paired 
t-test revealed significant differences in the students’ mean scores regarding their 
perceptions of using recorded lectures and educational videos to learn course con-
tent. It was noticed that students’ perceptions were more positive towards the use 
of recorded lectures and videos during the coronavirus pandemic than before the 
pandemic. This might be because the students were not aware of the possibility of 
accessing recorded lectures and educational videos. They realized the importance 
of these resources during the pandemic. Due to the face-to-face constraints, students 
typically relied solely on the posted lecture notes and other course materials to learn 
course content. They were unaware of other useful resources that could help them 
comprehend course material and grasp course concepts.

The study also examined the overall performance of students in the ‘Engineering 
Economics’ course in the Fall 2021 semester, when students relied solely on face-to-
face lectures to understand course concepts, compared to their performance in the 
Spring 2022 semester, when recorded lectures and educational videos were avail-
able. Interestingly, it was noticed that the performance of students during the Spring 
2022 semester was relatively better than their performance during the Fall 2022 
semester. This advantage can be attributed to the availability of recorded lectures 
and educational videos, which students can refer to whenever they have difficulties 
understanding the course lecture notes. While providing pre-prepared instructional 
videos seems to have a positive impact on students’ understanding of course topics, 
this might not be effective without using the right technology and tools and carefully 
selecting high-quality videos.

It can be inferred from the results of the questionnaire survey data that recorded 
lectures and educational videos available online can provide several benefits to stu-
dents. These benefits can be summarized as follows:

1. Flexibility of access: Recorded lectures and videos enable students to access 
course materials at their own pace and convenience. Students can watch the lec-
tures and videos at their convenience, whether it be early in the morning or 
late at night. This provides flexibility that is not always possible with traditional 
in-person lectures.

2. Review of course material: Recorded lectures and videos enable students to 
review and revise course materials as often as needed. This can be particularly 
helpful for students struggling to understand a specific concept or who missed a 
lecture due to illness or any other commitment.

3. Improved information retention: watching recorded lectures and videos can be 
an effective way for students to learn and retain information. Learners can pause 
and rewind as needed, take notes, and re-watch parts of the course they find dif-
ficult to comprehend and understand. This can help students understand course 
material better and retain the information for longer periods of time.
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Table 3. Students’ perceptions towards the use of recorded lectures and educational videos for learning course contents  
before and during the coronavirus pandemic

Question During 
the Pandemic

Before 
the Pandemic t

Do you prefer studying using videos? 4.24 3.33 5.51**

Do you think that the videos selected were helpful? 4.28 3.71 3.91**

Were the materials similar to the one you are studying? 4.47 3.88 4.71**

Do you prefer your instructor to do videos? 4.45 3.65 5.05**

Do you like the presenter to be shown in the video? 4.24 3.39 5.44**

Did you get helpful assistance form the videos seen? 4.36 3.55 5.59**

Were the materials of some videos distracting? 4.19 3.26 5.63**

Do you think that some videos contain materials not covered in the course? 3.97 3.29 3.83**

Is it better to have blended learning? 3.69 3.50 1.12

Videos are clear enough to understand 4.24 3.69 3.91**

Students prefer having the videos posted on Blackboard rather than on YouTube 4.33 3.83 3.27**

Videos are made for commercial purposes rather than for education 4.36 3.33 6.66**

The main problem with the videos is the quality of recording 4.24 3.28 5.98**

The sound of the videos was clear enough 4.4 3.72 5.11**

Selecting good video materials helped students better understand course concepts 4.36 3.98 2.65**

It is always preferred to have videos of all course lectures and topics 4.1 3.90 1.36

It is preferred to have extra videos of solved cases 4.24 3.92 2.02*

Participating in this survey was important to improve teaching of courses 4.0 3.87 0.887

Responding to this survey will make positive changes in the course learning process 4.43 3.79 4.23**

In general, it is recommended that other courses start using videos in teaching course concepts 4.45 3.74 4.43**

Notes: *p < 0.05; **p < 0.01.

In addition to the three main benefits listed above, recorded lectures and educational 
videos can be particularly beneficial for students with disabilities or those who have 
other accessibility needs. Such students can watch the lectures and educational videos 
at their own pace and utilize features such as ‘captions’ and ‘transcripts’ to enhance 
their understanding of course material. However, it is important to note that recorded 
lectures and educational videos should not substitute for the engagement of students 
with the course instructors and with other students. Students should always actively 
participate in the course, interact with instructors, and engage with their peers during 
class sessions. This is in addition to the fact that high-quality educational videos should 
be carefully selected to accurately represent the topics covered in the course syllabus.

10	 THE	DEVELOPED	GENERIC	VBA	FRAMEWORK

Considering the positive feedback and important comments received from surveyed 
students, a generic VBA framework was developed to provide basic information about 
the various colleges in the international institution, the different departments in these 
colleges, the curriculum courses offered by these departments, and the topics of each 
course. While this generic framework can be further developed at this initial design 
stage to encompass all the colleges of the institution, all the departments of the colleges, 
all the courses of the departments, and all course topics, it currently focuses solely on the 
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“Engineering Economics” course offered by the College of Engineering and its related 
topics. The interface of the designed generic VBA framework is shown in Figure 1. 
As depicted in Figure 1, the user will be prompted to log in and then choose a college. 
The student will then be asked to select a department and then a course. Once a course 
is selected, a screen will appear requesting the student to select a course topic. When a 
course topic is selected, the student will have two options: to watch the recorded lecture 
or view a set of educational videos related to the selected topic. The framework will 
suggest one or more carefully selected high-quality educational videos related to the 
chosen topic and list them in order of their duration, with shorter videos appearing first.

Following this sequence, students will have the opportunity to watch the recorded 
lecture and then view an educational video related to the topic of the lecture. Thus, 
students who did not attend a lecture, attended but did not fully understand it, or 
did not grasp certain parts will have the opportunity to rewatch the lecture. They 
can then proceed to watch the related educational videos, starting with the one with 
the shortest duration. When a student finishes watching an educational video, they 
will be asked to evaluate the recorded lecture or video and provide comments. To 
complete the evaluation process, students were asked to provide a score for each 
recorded lecture and educational video on a scale from 1 to 5, where 1 represents 
‘not useful’ and 5 represents ‘very useful.’ The results of the overall scores provided 
by students are listed in Table 4. Except for three topics (present economy studies, 
internal and external rates of return, and an incremental approach for mutually 
exclusive alternatives), students’ overall scores were above 4 in all other topics.

Login to Your Account

XYZ University
College of Engineering

Educational Videos & Recorded Lectures

Educational Videos
& Recorded Lectures

XYZ University
College of Engineering

Educational Videos
& Recorded Lectures

XYZ University
College of Engineering

Educational Videos
& Recorded Lectures

XYZ University
College of Engineering

Fig. 1. The developed generic framework for viewing educational videos and lecture notes

https://online-journals.org/index.php/i-jep


iJEP | Vol. 14 No. 2 (2024) International Journal of Engineering Pedagogy (iJEP) 35

Investigating the Effect of Using Educational Videos and Recorded Lectures in Understanding the Contents of Pre-Engineering Courses

Table 4. List of educational videos (EV) and recorded lectures (RL) and their overall scores

Educational Video/Recorded Lecture Type Time Length  
(mm:ss)* Overall Score (Out of 5)

Engineering economics: introduction RL 31:50 4.25

Principles of engineering economics RL 50:24 4.37

Engineering economics and the design process RL 05:39 4.18

Engineering economic analysis RL 43:51 4.42

Engineering economic analysis EV 10:27 4.53

Cost terminologies RL 57:48 4.47

Cost terminologies EV 16:57 4.52

Life-cycle stages of products RL 15:33 4.55

Life-cycle stages of products EV 09:06 4.62

Price-demand relationship RL 58:37 4.69

Price-demand relationship EV 15:42 4.74

Present economy studies RL 53:49 3.64

Present economy studies EV 18:26 3.71

Time-value of money concept RL 38:46 4.73

Time-value of money concept EV 11:21 4.84

Interest and interest rates RL 15:29 4.86

Interest and interest rates EV 07:18 4.91

Economic equivalence concept RL 41:53 4.33

Economic equivalence concept EV 10:18 4.42

Cash flow diagrams RL 54:56 4.39

Cash flow diagrams EV 29:48 4.47

Effective and nominal interest rates RL 24:38 4.51

Effective and nominal interest rates EV 08:21 4.58

Minimum attractive rate of return RL 12:37 4.72

Minimum attractive rate of return EV 06:44 4.81

Equivalent worth (PW, FW, AW**) RL 58:51 4.63

Equivalent worth (PW, FW, AW**) EV 23:42 4.69

Internal rate of return & external rate of return RL 24:27 3.88

Internal rate of return & external rate of return EV 14:33 3.94

Payback period method RL 18:21 4.77

Payback period method EV 05:51 4.83

Benefit cost ratio method RL 51:22 4.57

Benefit cost ratio method EV 15:43 4.76

(Continued)
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Educational Video/Recorded Lecture Type Time Length  
(mm:ss)* Overall Score (Out of 5)

Analysis period and useful life RL 11:29 4.87

Analysis period and useful life EV 03:19 4.91

Independent & mutually exclusive (ME) 
alternatives

RL 37:56 4.23

Independent & ME alternatives EV 16.47 4.37

Incremental approach for ME alternatives RL 44:52 3.79

Incremental approach for ME alternatives EV 21:23 3.86

Notes: *mm: ss (minutes: seconds); **PW, FW, AW: present worth, future worth, annual worth.

The reason for scoring below 4 in these topics is that they are relatively more 
challenging and less easy to comprehend compared to the other topics in the course. 
On the other hand, students’ overall scores for all educational videos were higher 
than those for the corresponding recorded lectures on all topics. This is expected 
since students were asked to watch the recorded lecture if they did not understand 
a specific topic before viewing its corresponding educational video. As a result, stu-
dents will have a better understanding of the topic after watching the educational 
video, and, consequently, they are likely to rate it more highly. On the other hand, 
students provided interesting comments on the recorded lectures and educational 
videos they watched. Among the important comments is the suggestion that course 
instructors should create their own instructional videos for the different course 
topics rather than relying on recorded lectures or YouTube educational videos. 
They said that creating instructional videos by instructors will eliminate the time 
lost when some students do not understand a specific concept and the instructor 
repeats it for them. This is in addition to the time lost when taking attendance or due 
to technical issues during class, such as disconnections, absence of the instructor’s 
voice, lag time, etc. These instructional videos should be watched before attend-
ing classes. Interactions and engagement with students can be achieved during 
class sessions. Students also suggested considering the following when preparing 
instructional videos:

1. Keep videos brief and concise, focusing on the course learning goals. Students 
tend to lose focus when watching lengthy videos. If the topic requires more expla-
nation, split the video into two or even three parts.

2. Utilize audio and visual elements to communicate the concepts of the course top-
ics, ensuring they complement each other rather than being redundant.

3. Highlight important ideas and key concepts.
4. Enhance interaction with students and engagement by providing short assign-

ments for discussion during class time. This addressess the challenge that online 
courses lack sufficient interactions between students and instructors [43].

5. Separate topic concepts from problem-solving.
6. Make the recording engaging to prevent the content from becoming dry and  

boring.

Table 4. List of educational videos (EV) and recorded lectures (RL) and their overall scores (Continued)
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11	 CONCLUSIONS

The study investigated the effect of using educational videos and recorded class-
room lectures on students’ learning to provide valuable insights into the effective-
ness of these tools and how they can support student learning outcomes. The study 
was conducted for the “Engineering Economics” course at an international institu-
tion during the Fall 2021 semester (before the coronavirus pandemic) and the Spring 
2022 semester (during the pandemic). The performance of students during the 
Spring 2022 semester was compared with their performance during the Fall 2021 
semester, when students relied solely on face-to-face lectures to understand course 
concepts. During the Spring 2022 semester, online educational videos and recorded 
lectures were provided to students via the Blackboard learning platform, along with 
other course materials. The study revealed that students, particularly male students, 
had a positive perception of using recorded lectures and educational videos to learn 
course concepts. During the coronavirus pandemic, students showed a more posi-
tive attitude towards this learning method compared to before the pandemic. This 
shift was due to the fact that recorded lectures and educational videos were not 
accessible to students prior to the pandemic. Students found these resources highly 
beneficial when they became available to them during the pandemic. Some poten-
tial findings of the study include the following:

1. Improved students’ engagement: Educational videos and recorded classroom lec-
tures help increase students’ engagement and motivation, leading to improved 
learning outcomes. This is because these tools can provide a more interactive 
and immersive learning experience, which may be more engaging for students 
compared to traditional face-to-face lectures or textbooks.

2. Enhanced understanding: Educational videos and recorded classroom lectures 
may help improve students’ comprehension of course material by offering extra 
explanations, visual aids, and additional examples. This can be particularly 
helpful for students who struggle with certain concepts or have different learn-
ing styles.

3. Increased flexibility: Educational videos and recorded classroom lectures can 
provide students with greater flexibility in terms of when and where they learn. 
This can benefit students who have other commitments or prefer to study outside 
the traditional classroom hours.

4. Enhanced performance: When students become more engaged, they will have 
a better understanding of the course material. This could enhance their overall 
academic performance. However, it is important to note that other factors, such 
as the quality of the course material, including the quality of the selected edu-
cational videos, instructors’ teaching style, and students’ prior knowledge and 
skills, can also impact students’ academic performance.

However, in order to obtain a more comprehensive understanding and achieve 
more thorough results, the authors suggest the following as an extension to the cur-
rent study:

1. Further research on the utilization of recorded lectures and educational videos 
for learning course content should be carried out through qualitative data collec-
tion methods, such as focus group interviews with students, input from course 
instructors, and feedback from other stakeholders.
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2. The use of recorded lectures and educational videos should be explored in vari-
ous contexts and disciplines, including medicine, science, business, the human-
ities, engineering and other subjects.

3. More research should be conducted to investigate the use of recorded lectures 
and educational videos for acquiring higher-order thinking skills.

4. Investigate the effectiveness of using pre-prepared short instructional videos for 
the topics of a selected engineering course, including separate pre-prepared vid-
eos for the problem-solving components of the course.
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13	 APPENDIX	A:	QUESTIONNAIRE	SURVEY

Students’ Perception towards the Use of Recorded Lectures an Educational 
Videos for Learning Engineering Course Content

1. Your gender: Male  Female 

2. Semester: ________________________

3. GPA: _____________________________

4.  The Use of Recorded Lectures and Educational Videos for Learning Course  
Contents.

(Please select the most appropriate option)

Perception

St
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sa
gr

ee

Di
sa
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ee

Ne
ut

ra
l

Ag
re

e

St
ro

ng
ly

 
Ag

re
e

Recorded lectures and educational videos helped students 
comprehend course topics 

Recorded lectures and educational videos improved students’ 
understanding of the course concepts

The contents of educational videos are similar to the lectures

Students prefer recorded lectures

Students prefer to see the instructor in the recorded lectures

The assistance received from the educational videos was 
very helpful

The materials of some videos were distracting

Some videos contain materials that are not covered in the 
course lectures

Blended learning is preferred

Videos are clear enough to understand

Students prefer having the videos posted on Blackboard rather 
than on YouTube

Videos are made for commercial purposes rather than 
for education

The main problem with the videos is the quality of recording

Selecting good video materials helped students better 
understand course concepts

It is always preferred to have videos for all course lectures 
and topics

Participating in this survey was important to improve teaching

Responding to this survey will make positive changes in the 
course learning process

It is recommended that other courses use recorded lectures and 
videos in teaching
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5.  Using Recorded Lectures and Educational Videos for Learning Course  
Contents.

(Please select “Yes” or “No”)

Question Yes No

Do you prefer studying using recorded lectures and videos?

Do you think that the selected videos were helpful?

Were the videos materials similar to the one covered during lectures?

Do you prefer your instructor to record his own videos?

Do you like the instructor to appear in the video?

Did you get helpful assistance form the videos seen?

Were the materials of some videos distracting?

Some videos contain materials not covered in course lectures

Do you prefer to have blended learning?

Videos are clear enough to understand

It is preferred to have videos posted on Blackboard rather than on YouTube

Videos are made for commercial purposes rather than for education

The main problem with the videos is the quality of recording

The sound of the videos was clear enough

Selecting good video materials helped students better understand course concepts

It is always preferred to have videos of all course lectures and topics

It is preferred to have extra videos of solved cases

Participating in this survey was important in order to improve teaching of courses

Responding to this survey will make positive changes in the course learning process

In general, is it recommend that other courses start using videos in teaching 
course concepts?

6. Benefits of recorded lectures and educational videos available online to students:
 ________________________________________________________________________________

________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________

7. Other suggestions and recommendation to improve students’ learning: _________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
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