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PAPER

Exploring the Impact of Different Education 
Channels for Fundamental Engineering Courses: 
A Student’s Perspective

ABSTRACT
This study examines the impact of different education channels for fundamental engineering 
courses from a student’s perspective, including online, face-to-face, and blended learning, 
on student engagement and satisfaction. By examining these channels, the research aims to 
provide an inclusive understanding of the challenges and opportunities presented by these 
different channels, drawing on student experiences. Findings suggest that while online deliv-
ery channels offer flexibility and accessibility, the lack of engagement, interaction, and direct 
feedback makes face-to-face learning much more preferable. Education should incorporate a 
practical communication approach to understanding the message of the complex engineering 
curriculum and feedback, while minimizing noise. The paper concludes with suggestions for 
improving approaches to enhance learning outcomes in both face-to-face and online class-
rooms, informed by feedback from the recipient student body.
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1	 INTRODUCTION

Learning methods have undergone reform in recent years. Advancements in 
technology and varying social needs have led to the evolution of learning methods, 
from being fully face-to-face to fully online and now to a mix of both. It might be 
necessary to “reimagine education,” as recommended by the United Nations, which 
stresses the need to build more resilient learning models that go beyond tradi-
tional classroom teaching, embracing technology-enabled, student-centered, and 
competency-based approaches [1] [2]. Education is a fundamental pillar; therefore, 
research into different learning approaches and channels is crucial in any society to 
maintain sustainable progress and development.
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Through education, individuals gain not only knowledge but also skills and 
values that empower them to make meaningful contributions to their communities 
and careers. Engineering education fosters critical thinking and problem-solving 
abilities; nonetheless, it has been slow to leverage online educational resources, 
particularly in undergraduate programs. Reasons for the slow progress could 
include hands-on activities, mathematical-intensity topics, computational software 
tools licensed only on campus, and the need for a community among engineering 
students [3]. However, in the post-pandemic world, some aspects of online learning 
could be integrated and improved upon to enhance traditional face-to-face class-
room education.

Given the importance of various factors affecting online teaching and the fact 
that students are the primary stakeholders in any educational system designed to 
support their learning, researchers should learn from experience and apply these 
lessons to prepare for an uncertain future [4]. This requires studying the effects of 
online learning, including its opportunities and challenges, particularly from the 
students’ perspective. The present research focuses on identifying the students’ 
preferred and non-preferred aspects of online education as a whole. A survey was 
conducted among engineering students at a mid-sized university specializing in 
technology-related disciplines. The university previously focused on face-to-face 
instruction, but it is now combining both face-to-face and online modes to thoroughly 
investigate the dynamics of traditional, online, and blended learning. This paper 
presents the results of conducted surveys and interviews, an inclusive analysis of 
students’ perspectives, and suggestions for improving online engineering education 
to enable educational sustainability in this evolving digital era.

The remainder of the paper is organized as follows: Section 2 presents some 
related work, and Section 3 describes the methodology implemented in this work. 
Section 4 presents the results and a discussion of the results. The conclusions and 
future work are presented in Section 5.

2	 RELATED WORK

This section provides an overview of related work on teaching and learn-
ing strategies, assessment methods, and the challenges associated with various 
learning environments, including online, face-to-face, and blended formats. The  
following subsections will explicitly explore these aspects across multiple modes of 
educational delivery, drawing on the literature.

2.1	 Teaching and learning strategies

The foundation of education is formed from teaching and learning processes. 
These interrelated processes involve both the instructor and the student, and are 
not only about the transmission of knowledge, but also about facilitating critical 
thinking, problem-solving, and meaningful engagement. Instructors need to adopt 
diverse instructional strategies tailored to students’ needs, learning styles, and the 
context in which education takes place. Learning, on the other hand, is an active pro-
cess through which students acquire, adopt, and apply knowledge and skills [5] [6]. 
Whether in traditional classrooms, online platforms, or blended learning settings, 
teaching and learning should create a dynamic environment that fosters intellectual 
growth, particularly in fundamental engineering courses.

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


	 6	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 16 No. 6 (2026)

Elissa et al.

The community of inquiry (CoI) framework, developed by [3] [7], is a widely 
used model for understanding and improving online and blended learning envi-
ronments. It focuses on the interaction between three core elements that contribute 
to effective learning: cognitive presence, social presence, and teaching presence. 
Cognitive presence involves constructing knowledge through reflection and critical 
thinking. Social presence refers to participants’ ability to present themselves as 
engaged individuals. The teaching presence confirms that the course is designed, 
structured, and aligned with learning goals. The model states that by effectively 
addressing these three components in any educational channel, educators can 
enhance student satisfaction.

There are different learning styles, one of which is Kolb’s learning style. Kolb’s 
learning style is a model that describes how people learn through experiencing, 
reflecting, thinking, and doing [8]. This approach enables educators to tailor their 
teaching methods to match different learning preferences. The study in [9] shows 
that the project-based learning (PjBL) approach is suitable for blended learning, 
both online and in-person, and works well with all Kolb learning styles.

Online education requires instructors to transition from the traditional teaching 
paradigm to new teaching methods that align with technological developments. 
Student feedback and consultation on teaching styles are crucial for assessing the 
overall learning experience and enhancing it [10].

The students in [11] advocated for the implementation of online learning 
techniques. However, most users preferred a blended model of face-to-face and 
e-learning rather than relying exclusively on either.

2.2	 Assessment and scaffolding

Assessment is a tool for supporting learning and a means of measuring academic 
performance. Effective assessment strategies are essential for enhancing student 
learning and overall academic success.

Assessment is an integral part of the engineering curriculum and has direct rel-
evance to quality assurance in engineering education [12]. Feedback comments 
on students’ performances are essential because they help students know their 
strengths and their areas for improvement. Engineering Instructors should employ 
diverse assessment methods and implement effective evaluation practices that meet 
the demands of modern education.

Assessment practices vary across different delivery modes, including face-to-face, 
online, and blended learning environments, each offering unique advantages and 
challenges. In face-to-face settings, assessments allow for immediate feedback and 
direct interaction. However, online assessments leverage digital tools, providing 
flexibility, yet they also face issues such as academic integrity concerns and techni-
cal difficulties. Blended assessments combine both modalities, blending in-person 
evaluations with online components, which tends to maximize engagement.

The case study in [13] explores the implementation of a multi-course PjBL 
approach combined with online assessment in electrical engineering courses. 
Student feedback indicated enhanced motivation and learning outcomes through 
the completion of a unified project across multiple subjects, accompanied by contin-
uous online assessments. This approach ensured more practical and hands-on 
learning, and students noted that it is adaptable for future blended or fully online 
engineering education.
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Scaffolding in education refers to guidance from instructors, especially during the 
early stages of learning, that facilitates students in achieving their learning goals [14]. 
With the new trends in learning, scaffolding is no longer implemented solely through 
face-to-face instruction; the form of instruction that emerges between teachers and 
students is now mediated by technology and online settings. Therefore, it is crucial 
to identify the type of support that is most suitable for students, particularly in a fully 
online learning environment. In [14] a Meta-analysis is used to investigate the types 
of scaffolding that can be implemented in an online learning environment, and it 
mentions that instructional designs are very important to ensure the effectiveness of 
scaffolding in online learning.

Assessment is an essential part of the teaching-learning process, as it enables 
instructors to determine whether and how effectively students are meeting learning 
objectives. It is evident that assessment and scaffolding form a dynamic feedback 
loop: assessment guides scaffolding decisions, and scaffolding enhances assessment 
effectiveness by promoting deeper learning. This synergy ensures that instruction is 
focused on nurturing student competence.

2.3	 Challenges

Sloan’s online learning consortium has defined the five pillars of high-quality 
online education as learning effectiveness, student satisfaction, faculty satisfac-
tion, access, scale, and cost [7]. Taking these factors into consideration, the authors 
designed and conducted surveys among engineering faculty members and students 
to systematically investigate the challenges encountered during the abrupt transi-
tion from face-to-face to online instruction.

The study in [15] surveyed students and faculty at a minority-serving institution 
to identify challenges arising from the sudden shift to online engineering education 
during the COVID-19 pandemic. The study identified various logistical, technical, 
and pedagogical issues. It also proposed interventions to address these challenges.

Adopting various learning styles and solutions, such as virtual labs, online assess-
ments, and learning management systems, will help alleviate challenges. Many insti-
tutions are considering blended models that combine the strengths of both online 
and face-to-face education. The author in [16] states that higher education should 
implement systematic, flexible strategies and use methods that collect meaningful 
data and serve multiple purposes to enhance teaching and learning, particularly in 
online and blended learning.

Despite the flexibility of online learning, challenges are inevitable; both 
instructors and students face challenges. While the work in [17] discusses the 
challenges and insights of engineering education from the perspective of instruc-
tors, this work demonstrates the challenges from the perspective of students. 
Together, these studies provide a balanced view of the opportunities and 
challenges of online learning.

For engineering students who rely heavily on hands-on lab work and practical 
sessions, challenges are magnified [4]. 	Theoretical learning also suffered; many stu-
dents found it difficult to comprehend complex concepts in a virtual environment [9]. 
Although some students enjoyed the flexibility and shorter commute of the online 
setup, reduced motivation and a lack of peer interaction also affected the overall 
learning experience. Table 1 presents a summary of some previous work related to 
engineering education in the realm of online learning and teaching, highlighting the 
key aspects discussed.
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Table 1. Summary of key aspects of studies on online engineering education

Paper Study Focus Methodology Sample Key Aspects

[10] Blended online teaching 
and learning strategies’ 
effectiveness

Mixed-methods: 
surveys and case studies

Chemical Engineering 
students and instructors 
involved in blended 
online courses

Synchronous and asynchronous 
methods improved engagement 
and learning.

[11] Challenges and opportunities 
of online teaching and 
learning in engineering

Mixed-methods: 
surveys and interviews

Engineering students 
and instructors

Online learning presented 
both significant challenges 
and opportunities. Institutions 
need to address technology gaps 
and improve support systems.

[15] The implementation 
and challenges of online 
engineering education

Quantitative observational 
study using surveys 
and course data

Engineering students 
and instructors engaged 
in online education

Online education was adaptable 
but faced challenges.

[16] Students’ perceptions 
of online learning experiences

Quantitative survey-
based study

Engineering Students who 
experienced the shift from 
campus to online teaching

Some students appreciated 
the flexibility in online learning, 
yet many reported decreased 
interaction and engagement.

[18] The impact of online 
educational platforms 
on academic performance

Quantitative 
and analytical study

Engineering students 
taking online courses

Students’ academic results 
were not different between 
online and offline learning.

[19] Engineering students’ 
perceptions of the benefits 
of online lectures

Quantitative 
and analytical study

Engineering students 
taking online courses

Students showed relative 
acceptance of online lectures, 
with positive perceptions.

[20] ICT engineering students’ 
perceptions of project-based 
online learning

Qualitative study ICT engineering students 
engaged in project-based 
online learning

Students found project-based 
online learning to be thought-
provoking, yet with challenges 
in communication and engagement.

[21] Suitability of online  
engineering education  
programs

Quantitative review 
and analysis of 
structured data

Electrical and Computer 
Engineering Institutions

Online engineering education 
is rapidly expanding, offering 
various synchronous and 
asynchronous delivery methods 
and presenting many challenges.

[22] Factors affecting engineering 
students’ learning satisfaction

Quantitative survey-
based study

Engineering students Many factors influenced learning 
satisfaction. Limited interaction and 
technical issues modeled significant 
challenges during online learning.

It is evident from the literature that online learning offers opportunities but also pres-
ents many challenges. The classroom cannot be seen as a collection of separate entities; 
there should be synergy between the instructor and the student. To bridge the gap in the 
literature, this work will consider the classroom as a proper communication model—an 
interactive process in which instructors and students actively share ideas, ask questions, 
provide feedback, and build understanding together, minimizing challenges and noise. 
Feedback will be collected from the student body through interviews and surveys.

3	 METHODOLOGY

3.1	 Classroom as a communication medium

There are different communication models throughout the literature. The inter-
action communication model (ICM) is a framework that helps understand how 
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communication occurs between individuals or groups. Treating the classroom as an 
ICM emphasizes that communication is a two-way process in which both the sender 
and the receiver play active roles. Below is a breakdown of the proposed communi-
cation model.

Sender: The instructor who designs and delivers the curriculum.
Receiver: Engineering students who receive and engage with the 

instructor.
Message–curriculum: The engineering content that is intended to be 

taught to the students.
Channel: The medium through which the message is delivered. Channels 

might include face-to-face lectures and online platforms.
Noise: Any factors or challenges that distort the message, making it diffi-

cult for students to fully understand the message.
Feedback–assessment: The methods used to evaluate and provide feed-

back on student learning, such as self-assessments, surveys, and both forma-
tive (ongoing assessments during the semester) and summative (evaluations 
of student learning at the end of the semester) assessments.

Figure 1 shows the proposed communication process in education. The Sender 
(Instructor) communicates through the Channel to deliver the Message (Curriculum) 
to the Receiver (Student). Noise represents any obstacles that might hinder under-
standing. Feedback (Assessment) helps the instructor understand how well the 
message was received and whether adjustments are needed.

Fig. 1. Proposed communication model in education

The core participants in communication are the sender and receiver. The sender, 
the instructor, is responsible for creating and delivering the message. The main 
responsibilities of the instructor are to design the message, communicate it effec-
tively to students through the chosen channel, and monitor how it’s being under-
stood. The receiver, in this case the student, should receive, interpret, and provide 
feedback through participation and assessments.

The communication process elements are the message, channel, noise, and feed-
back. The message is the content that is intended to be delivered and taught. For 
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the engineering fundamental courses, the message has a mathematical dimension, 
including circuit analysis, electromagnetism, problem-solving, and complex engi-
neering concepts that may not be tangible [4].

Communication channels in education can be categorized into face-to-face, 
online, and blended learning approaches. Each of these channels uses different 
methods and tools to deliver engineering educational content and facilitate inter-
action. Face-to-face learning, also known as traditional classroom-based education, 
involves students and instructors interacting in person. Online learning, on the other 
hand, occurs over the internet through screens. A blended approach is a combina-
tion of online and face-to-face learning, where some components of the course are 
delivered in person and others online.

Each channel type has its own strengths and challenges, and the choice of channel 
depends on many factors. An effective channel ensures that the message is easily 
understood by the receiver, with minimal noise to maintain message clarity, and 
provides constructive feedback to confirm understanding and address any issues.

Assessment acts as a vital feedback loop in the learning process, continuously 
notifying both students and instructors about progress toward learning objectives. 
For instructors, assessment data should guide the refinement of teaching methods to 
ensure instruction is responsive to student needs.

In this paper, students’ preferences for different channels of delivering fun-
damental engineering courses will be explored. The channel affects both the 
instructor’s ability to deliver the message effectively and the student’s ability to 
understand it. Focusing on students’ perspectives provides valuable insights into 
how they experience and perceive the message in the different channels. By under-
standing the benefits and challenges of the channels presented, instructors can 
improve the overall learning experience.

3.2	 Sampling and data collection

This study adopts a new approach by analyzing students’ perspectives on learn-
ing in both online and face-to-face environments, using the classroom as a model 
of communication. The study aims to identify all potential noise in both channels, 
ensuring the message is perceived in the best possible manner. The research ques-
tions aim to explore how these factors—tools, noise, feedback, preferences, and 
challenges—affect learning in each channel. The research questions are listed below, 
and Figure 2 provides a visual representation of them.

Fig. 2. Research questions visualization

https://online-journals.org/index.php/i-jep
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•	 What tools are commonly used by instructors (senders) and students (receivers) 
in online and face-to-face learning channels, and how do these tools influence 
the learning experience?

•	 What are the key noise factors and challenges that impact communication 
effectiveness in online versus face-to-face learning environments, and how do 
they differ between the two settings?

•	 How does the feedback loop function in online and face-to-face learning 
environments, and what is its role in enhancing student understanding and 
performance?

•	 What factors influence students’ preferences for online or face-to-face learn-
ing channels, and how do these preferences affect engagement and academic 
performance?

•	 What are the general experiences, challenges, and preferences of students 
regarding online, face-to-face, and blended learning environments?

To relate the CoI framework to this work, the core elements are interpreted 
through a communication-based classroom model. In this model, the instructor acts 
as the sender, students as receivers, instructional methods and technologies as tools, 
and learning effectiveness is influenced by noise that may interfere with message 
delivery. Feedback forms the loop that connects instructors and students, supporting 
continuous clarification and improvement [20].

Teaching is reflected in course design, tool selection, and facilitation strategies 
that support clear communication in both online and face-to-face settings. Cognitive 
presence refers to students’ ability to process and apply information, which can 
be hindered by distractions or limited interaction. Social presence refers to the 
level of engagement and interaction that contributes to effective communication 
and feedback.

Noise varies across learning channels. In online learning, it may include technical 
issues, reduced non-verbal cues, and external distractions. In face-to-face settings, 
noise may arise from classroom conditions, time constraints, or commuting fatigue. 
Identifying these factors is essential for improving instructional clarity.

Feedback plays a central role in reducing noise and reinforcing understanding. 
Regular feedback enables instructors to assess comprehension and helps students 
monitor their learning progress, improving outcomes across both modalities.

Students’ preferences for online, face-to-face, or blended learning are shaped 
by their experiences with tools, noise, and feedback. Examining these perspectives 
supports a clearer understanding of engagement and learning effectiveness, partic-
ularly in fundamental engineering courses. Quantitative and qualitative data were 
collected using a survey questionnaire and semi-structured interviews to answer 
the research questions above. Below are the data collection tools.

Survey questionnaire. This survey involved 107 undergraduate students 
enrolled in fundamental engineering courses at a mid-sized engineering univer-
sity. Students were selected using convenience sampling and represent the target 
population that is familiar with both online and face-to-face educational channels. 
Students were mostly second, third-, and fourth-year engineering students, with a 
gender distribution of 67% males and 33% females.

The survey consisted of multiple-choice and Likert-scale questions designed to 
identify patterns in student preferences and experiences. A Google Form was used 
to create the survey, which was shared face-to-face during classes to ensure its 
effectiveness.

Semi-structured interviews. After completing the survey, seven engineering 
students were selected for one-on-one interviews to explore their learning 
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experiences in more depth. These interviews provided insights into what challenges 
the students encountered and their channel preferences. The interviews lasted 
10–20 minutes and were led face-to-face.

The following questions guided the semi-structured interviews:

•	 What are the challenges (noise) you encountered in online teaching?
•	 What kind of challenges have you met while doing your assignments/tasks during 

online classes?
•	 What channel do you prefer? Face-to-face, online, or blended learning?
•	 Some extra comments.

4	 RESULTS AND DISCUSSION

This section presents the results provided by the students in response to the 
research questions discussed above. Quantitative survey responses and qualitative 
interview data were analyzed to identify key themes related to student preferences 
and challenges across various learning channels.

4.1	 Survey results

Participants demographics. Table 2 provides demographic data on the partici-
pants’ characteristics, including gender, enrolled program, and year of study.

Table 2. Demographics of respondents (N = 107)

Demographic Category Number Percentage

Gender Males 72 67.3%

Females 35 32.7%

Program Networks and Information Security 
Engineering

43 40.2%

Electrical Power and Energy 
Engineering

37 34.6%

Electronics Engineering 10 9.3%

Computer Engineering 10 9.3%

IT students 5 4.7%

Communications Engineering 2 1.9%

Year of Study Second 35 32.7%

Third 51 47.7%

Fourth 18 16.8%

Fifth 3 2.8%

The primary objective of this study is to investigate how students notice online 
learning and face-to-face learning, with a particular focus on fundamental engineer-
ing courses. Regarding the upcoming questions, the students were asked to list the 
fundamental courses they took online and those they later took face-to-face. Figures 3 
and 4 show students’ enrollment in online and face-to-face courses, respectively.
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Fig. 4. Student enrollment in face-to-face courses

To examine the learning process through the lens of a communication model, the 
results were analyzed and organized according to the research questions above and 
outlined in the following sections.

Tools for online and face-to-face learning environment for both senders 
and receivers. Selecting a tool to use in an online class can vary depending on indi-
vidual preferences. As shown in Figure 5, in online classes, most students primarily 
used laptops, followed by mobile devices, and, lastly, desktops.
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Fig. 5. Student’s or receiver’s tool for online classes
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The charts in Figures 6 and 7 show whether students prefer instructors to 
use a whiteboard/writing pad, slides, or a mix of both for online and face-to-face 
sessions. The combination of both the whiteboard and the slides yielded the highest 
percentage for both learning channels. Moreover, it can be seen that using slides 
alone is the least preferable approach, especially in face-to-face lectures.

16%

12%

72%

White board/Writing pad Slides alone Mix between white board and slides

Fig. 6. Students’ preferences for instructors’ different teaching tools for online classes

29%

6%

65%

White board/Writing pad Slides Mix between white board and slides

Fig. 7. Students’ preferences for instructors’ different teaching tools for face-to-face classes

In the case of online learning, some instructors use live synchronous sessions, 
while others combine live lectures with recorded ones. Figure 8 shows that 57% of 
students preferred live sessions, while 43% preferred recorded sessions, suggesting 
greater engagement.

43%

57%

Recorded lectures Live lectures

Fig. 8. Students’ preference for online learning – live versus recorded lectures
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In summary, this section discusses the communication tools used for both face-to-
face and online learning. The results show that laptops are the most commonly used 
devices by students for attending online lectures. A combination of whiteboard and 
slides is the preferred method for delivering the curriculum across both learning 
channels. Additionally, live sessions are favored over recorded ones for online learn-
ing. This suggests that increased engagement and interaction lead to a more effective 
learning experience.

Noise factors impacting the effectiveness of face-to-face and online 
learning channels. The message in online and face-to-face learning channels may 
not be easily understood due to several factors, which can be considered as noise in 
the communication system. Factors considered to interfere with the learning process 
are discussed below for each channel.

1.	 Online learning noise factors: The following statements are factors that affect 
online learning:
•	 Instructor’s camera improves students’ understanding.
•	 Students’ cameras boost the instructor’s engagement.
•	 Students’ cameras help them stay focused.
•	 Students’ participation energizes the instructor and class.
•	 Classmates’ participation improves students’ learning.
•	 Classmates’ cameras help students focus.

	  Figure 9 illustrates the results of a survey on students’ opinions about these 
factors, representing the number of students who agreed, disagreed, or saw no 
impact with each statement. This helps identify which elements are perceived 
as having a positive impact on online learning and which are considered noise. 
The x-axis shows the statements. The stacked bars represent students’ agreement, 
disagreement, and indifference towards each statement.
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Fig. 9. Perceived impact of online learning factors on students

	  It is clear from the chart above that students’ self-participation and colleagues’ 
participation have a big positive impact on the online learning process. Additionally, 
having the student’s camera on during an online class increases both the student’s 
focus and the instructor’s energy, a setup similar to that in face-to-face classes.

2.	 Face-to-face noise factors: Considering that attending face-to-face lectures involves 
commute time and preparation time, the following questions examine the impact 
of this time as a potential noise factor in the face-to-face channel.

	  It is observed that 43.4% of the students take 30 minutes to an hour to reach the 
university, and around 40% take 30 minutes to an hour to get ready. These numbers 

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


	 16	 International Journal of Engineering Pedagogy (iJEP)	 iJEP | Vol. 16 No. 6 (2026)

Elissa et al.

are illustrated in Figures 10 and 11. The approximate time required for the whole 
process is around 45 minutes to an hour.

25%

43%

25%

7%

10–15 minutes 15–30 minutes 30 minutes–1 hour More than 1 hour

Fig. 10. Time needed to commute to campus

10–15 minutes 15–30 minutes 30 minutes–1 hour More than 1 hour

20%

39%

34%

7%

Fig. 11. Time needed to get ready to go to campus

	  The majority of students initially took their prerequisite courses online and 
later continued with the subsequent courses in a face-to-face format. When diffi-
culties were encountered, they were asked whether completing the prerequisite 
online had affected their current academic standing. The pie chart in Figure 12 
shows that about 72% of students reported that this negatively affected their 
understanding.

72%

28%

Yes No

Fig. 12. Prerequisite course taken online and its negative impact on current face-to-face learning
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	  The column chart in Figure 13 highlights additional challenges that may be 
contributing to a lack of comprehension of the material. It is observed that, in 
addition to having the prerequisite online, more than half of the students state 
that the current courses’ complexity could also be a reason. However, they also 
state that not having a recording to refer back to is another challenge.

Taking the
prerequisite for

the current
course online

Level of effort the
student put
during your

online
prerequisite

The complexity of
the current

course regardless
of the

prerequisite

The unavailability
of the recordings
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Fig. 13. Noise factors in current face-to-face lectures

	  In summary, commute time, the prerequisites for the current online courses, 
and the complexity of the courses themselves were all considered factors contrib-
uting to face-to-face channel noise. Furthermore, the unavailability of recordings 
for face-to-face sessions can also be considered a source of noise. It appears that 
students greatly benefit from having access to recordings.

Feedback loop in the learning process. In a communication system, the feedback 
loop is a crucial concept that ensures the message has been received and understood 
correctly, allowing for adjustments when needed. In education, two feedback loops 
can be considered: an Instructor Feedback Loop and a Self-Feedback Loop, as shown 
in Figure 14. The former one states that instructors assess student performance and 
provide feedback to improve understanding and skills. The latter, the Self-Feedback 
Loop, allows learners to evaluate their progress, identifying areas for improvement.

Fig. 14. Feedback loop
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1.	 Instructor feedback loop: Assessment plays a significant role as a form of feed-
back. Both formal (e.g., quizzes, exams, assignments) and informal (e.g., class 
participation, peer feedback) assessments provide students with valuable insights 
into their learning progress. These assessments tell students whether they’re on 
track and highlight specific areas where they need to focus more.

	  Considering informal assessments, as shown in Figure 9, “Perceived Impact 
of Online Learning Factors on Students,” it is noted that student and colleague 
participation can serve as acknowledgment signals and peer feedback, positively 
affecting the learning process.

	  Regarding the formal assessment, the results shown in Figure 15 demon-
strate the students’ preferences and how the grade distribution better suits 
them. Around 58% of students stated that whether they prefer computerized, 
non-computerized, on–campus, or off-campus assessment depends on the type 
of course.

8%

14%

20%

58%

Computerized exams on campus Computerized exams off-campus

Paper-based exams on campus Depends on the course

Fig. 15. Students’ exam preference

	  For the Course Assessment, as shown in Figure 16, the numbers were close, 
but a larger portion of the students preferred two separate exams, a first and a 
second exam, and a smaller portion preferred class work.

42%

58%

Class work 30%, Midterm 30%, Final 40%

First exam 25%, Second exam 25%, Class work 10%, Final exam 40%

Fig. 16. Preference of course assessment distribution
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	  In the case class portion, which is worth 30 points, most students prefer it to 
be distributed equally among assignments, quizzes, and a final project, with 
10 points per component. The distribution preference is illustrated in Figure 17.

None of the points 5 points 10 points 15 points 20 points 25 points 30 points
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Fig. 17. Grade distribution of the assessment tools

2.	 Self-feedback loop: In communications, self-checking can mean continuously 
monitoring message comprehension during the learning process. This self-check 
process can be viewed as formative feedback, where students recognize gaps 
in their knowledge and take steps to address them (such as revisiting recorded 
lectures, asking for clarification, taking notes, and requesting retransmissions).

3.	 The bar chart in Figure 18 shows four areas where students can seek help after 
attending an online class: recordings, office hours, textbooks, and colleagues. 
Recordings are considered the most common resource for students who still don’t 
fully understand the material. Office hours come second, followed by colleagues, 
while the lowest percentage of students reported going back to textbooks.

0 20 40 60 80 100

Recording

Office Hours

Textbook

Colleagues

Number of Students

Re
fe

re
nc

e

Fig. 18. Reference in case questions are needed

	  The textbook referral was considered the least used by students. Around 60% of 
the students stated that they have textbooks for some of their courses. However, 
43% of students refer to it sometimes, and 30% use it only to solve questions, as 
shown in Figures 19 and 20, respectively.
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11.2

59.8

29

Yes for all courses Yes for some courses I don’t have textbooks

Fig. 19. Owning textbooks

6%

43%

31%

20%

I study from the textbook all the time

I refer to the textbooks in some parts

I only solve the questions of the textbook

I don’t refer to the textbook at all

Fig. 20. Textbooks used as a learning resource in the course

	  Regarding the effort put into studying and the self-check process for online and 
face-to-face learning, the percentages shown in Figure 21 are quite close, suggest-
ing comparable levels of study effort across the two learning modes.

30%

34%

36%

Same effort

More effort invested during online courses

Less effort invested during online courses

Fig. 21. Effort invested by students across the online and face-to-face learning channels
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	  The feedback loop, whether it’s instructor or self-feedback, is a continuous 
improvement cycle involving communication between instructors and students. 
It fosters a dynamic learning environment, transforming evaluation from a static 
measure into an active tool for ongoing growth and development.

Preference of learning channels. A question was designed to assess students’ 
overall preference between face-to-face and online channels, examining it from the 
perspectives of message comprehension, commute, participation, social interaction, 
and assessment. As shown in Figure 22, it is evident that students prefer face-to-face 
learning, except for the commuting category, as expected.
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Fig. 22. Preference between online and face-to-face learning

4.2	 Qualitative analysis of students’ interviews

A semi-structured interview was conducted with seven participants to explore 
students’ perspectives on the impact of online learning on their academic perfor-
mance. The data were analyzed thematically, and for each theme, illustrative quotes 
were selected to represent participants’ views as shown in Figure 23. The following 
section presents the key findings, highlighting the major themes derived from the 
interviews.

Challenges Flexibility
Technology and

Accessibility

Social
Interaction and

Engagement

Assignments
and

Assessments

Theme 1 Theme 2 Theme 3 Theme 4 Theme 5

Tools

Noise Feedback

Fig. 23. Interview themes

Theme 1: Challenges with online learning: A recurring theme in the inter-
views was the difficulty participants faced in adapting to online learning. Many 
reported feeling bored and struggling to focus.
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•	 Participant 1: “I struggle with staying focused. It is very boring watching an 
online class.”

•	 Participant 2: “I can’t stay focused at home; the environment doesn’t encourage 
you to study or work where everyone else in the family is doing different tasks.”

•	 Participant 5: “I can’t focus well during online lectures.”
•	 Participant 7: “It is very boring to me; I can’t raise my hand easily and can’t 

focus much.”

Theme 2: Flexibility: Another theme that emerged was the flexibility of online 
learning, which some participants appreciated, while others noted issues with time 
management and procrastination.

•	 Participant 1: “I like face-to-face lectures better as a I commit to a certain time.”
•	 Participant 3: “The presence of recordings makes me want to postpone 

everything.”
•	 Participant 4: “I like online learning, since I can study at my own pace and my 

own convenience.”
•	 Participant 5: “Online lectures are spread throughout the day, which keeps me 

occupied for longer hours.”
•	 Participant 6: “It is hard to be on top of things, as you are occupied all through-

out the day.”

Theme 3: Technology and accessibility: Students discussed how technology 
plays a significant role in their online learning experience. Some participants high-
lighted challenges faced in fundamental engineering courses.

•	 Participant 1: “Solving equations in engineering is complex, and doing it online 
makes it harder as the steps are not clear.”

•	 Participant 4: “I have issues with the use of technology. The lecturer is not 
equipped while using online tools, and the camera is not directed properly. 
Quality of teaching isn’t the best. Moreover, the use of WhatsApp groups for com-
munication, was a bit annoying, as I didn’t know who is in the group.”

•	 Participant 5: “I hate the use of slides during lectures.”
•	 Participant 6: “Online learning is stressful, especially for mathematical and 

scientific classes.”

Theme 4: Social interaction and engagement: Many participants highlighted 
the impact of online learning on their social interaction and engagement. Increased 
stress was common.

•	 Participant 3: “ It is easier to study when others are around, reliability on others 
to comprehend the lectures.”

•	 Participant 5: “Online learning is more challenging for me. I don’t get the support 
I need from instructors or colleagues.”

•	 Participant 6: “No interaction with the instructor makes it really hard to concen-
trate and comprehend the material during face-to-face lectures, more questions 
pop up which keeps you more engaged. Moreover, group work is much harder.”

•	 Participant 7: “Hard to know others in your course, and hard to communicate 
with the instructor during office hours.”
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Theme 5: Assignments and assessments: Many participants highlighted the 
impact of online learning on their overall grades.

•	 Participant 1: “Too many assignments, it was really overwhelming.”
•	 Participant 2: “Too many assignments, yet so little help is offered from instruc-

tors and colleagues. Moreover, one-way exams are unfair.”
•	 Participant 3: “The only time I failed an exam was one I started taking online 

courses; there were limited time for exams.”
•	 Participant 4: “Instructors were not available on the spot, which made commu-

nication a bit challenging.”
•	 Participant 5: “I am getting lower grades in online learning.”
•	 Participant 7: “Not easy to follow up on assignments. Also, online exams are the 

worst; they are very stressful and not fair.”

In summary, the interviews exposed mixed thoughts on online learning. While 
some participants appreciated the flexibility, others found the lack of social interac-
tion between instructors and colleagues challenging. Understanding the curriculum 
was also a prominent issue, especially for fundamental engineering courses.

The preference for face-to-face learning was consistent across all key themes 
discussed, as shown in Table 3 below, based on the sample of participants.

Table 3. Interview results summary

Theme Preferred 
Online Learning

Preferred 
Face-to-Face Learning

Challenges 0 4

Flexibility 1 3

Technology and Accessibility 0 4

Social Interaction and Engagement 0 4

Assignments and Assessments 0 5

These results suggest that while flexibility remains a notable benefit of online 
learning, the drawbacks have a significant impact on student satisfaction and 
engagement. The complete lack of preference for online learning indicates a strong 
overall leaning toward in-person education for fundamental engineering courses.

4.3	 Summary of results

The findings thoroughly answer the research questions by highlighting students’ 
perspectives on the similarities and differences between face-to-face and online 
learning across multiple angles. A summary of these findings is presented below. 
To facilitate interpretation, the results are organized into three main categories: 
tools, challenges, and feedback.

Tools:

•	 Students prefer engaging in live, interactive sessions, with a combined use of 
whiteboard and slides being the favored method of instruction across both online 
and face-to-face learning.

•	 Recorded lectures serve as a valuable backup for missed classes, providing flexi-
bility, though they typically offer less engagement compared to live sessions.
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•	 The percentages for studying efforts and self-assessment in both online and face-
to-face learning are very similar, indicating that students put comparable effort 
into studying across the two channels, especially for fundamental engineer-
ing courses.

•	 Students identified key differences between online and face-to-face learning in 
terms of interaction, engagement, and flexibility.

Challenges:

•	 For online classes, active student participation and keeping cameras on signifi-
cantly improve focus and students’ engagement.

•	 For face-to-face classes, one main challenge is the commute and preparation time.
•	 The absence of immediate interaction in online learning can lead to a misunder-

standing of the curriculum and some frustration.
•	 Although online learning was appreciated for its accessibility and convenience, 

students often struggle a stay focused during online lectures, which can delay 
their learning success.

•	 Students show a clear preference for face-to-face teaching in fundamental engi-
neering courses across various categories, except commuting and transportation.

Feedback:

•	 A feedback loop fosters a dynamic learning environment and serves as an active 
tool for ongoing development. This highlights the importance of clear communica-
tion between instructors and students in both online and face-to-face modalities.

•	 Face-to-face learning was often preferred for fostering deeper student-instructor 
relationships and immediate feedback.

The perceptions shared by students provide valuable guidance for the contin-
ued development of online and blended learning modalities. From the key findings 
above, a recommended context for instructors with respect to improving online 
teaching programs is suggested below:

•	 Encourage active participation, promote student interaction, and address focus 
challenges during online lectures by breaking lectures into shorter segments 
with frequent breaks and asking multiple questions during the class using polls.

•	 Utilize a combination of whiteboard and slide presentations, and incorporate live 
sessions for real-time interaction alongside recorded lectures for backup.

•	 Foster self-assessment and feedback by integrating regular quizzes and exercises 
to help students monitor their progress, and offering constructive feedback.

Overall, the findings show that learning effectiveness across online and face-
to-face environments is fundamentally shaped by the three presences of the CoI 
framework. Teaching presence emerged through students’ strong preferences for 
structured live sessions, clear instructional design, and interactive delivery methods. 
Cognitive presence was closely tied to message clarity, sustained focus, and the 
reduction of communication noise, particularly in mathematically intensive engi-
neering content. Social presence was reflected in the importance of peer interaction, 
participation, and student–instructor engagement in supporting motivation and 
learning persistence. Across all modalities, weaknesses in any of these presences 
were associated with reduced engagement and conceptual understanding.
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Table 4 maps the CoI framework within a communication-theoretic structure, 
transforming its conceptual constructs into functional components of the educa-
tional process. Teaching presence is embedded in instructional design and channel 
selection, cognitive presence is reflected in message clarity and noise reduction, and 
social presence is expressed through interaction and participation structures. The 
feedback loop integrates these dimensions into a dynamic learning system, enabling 
continuous adaptation and improvement. This integrated framework provides a 
coherent theoretical foundation for analyzing students’ experiences across online, 
face-to-face, and blended learning environments.

Table 4. Mapping the community of inquiry framework to the proposed communication-based classroom model

Core Element Proposed Communication Model Meaning in This Study Results from Study

Teaching Presence Sender + Channel + Tool Selection Instructor design, organization, 
and facilitation of learning 
through appropriate tools 
and delivery modes

Preference for live sessions, 
combined use of whiteboard 
and slides, structured delivery, 
interactive teaching approaches

Cognitive Presence Message + Noise Students’ ability to process, 
understand, and apply 
engineering concepts under 
varying levels of communication 
interference

Difficulty with equations in online 
learning, reduced focus, conceptual 
misunderstanding, preference for 
face-to-face clarification

Social Presence Interaction + Participation Degree of student–student and 
student–instructor engagement, 
visibility, and communication

Importance of participation, 
camera use, peer interaction, 
strong preference for face-to-face 
engagement

CoI Integration Mechanism Feedback Loop Continuous interaction between 
teaching, cognitive, and social 
dimensions through assessment 
and reflection

Assessment structures, self-feedback 
behaviors, use of recordings, office 
hours, peer support, continuous 
clarification

Together, these results frame learning as an integrated communicative process 
in which teaching, cognitive, and social presences jointly determine educational 
quality, providing a coherent theoretical foundation for the conclusions that follow.

5	 CONCLUSION AND FUTURE WORK

This study investigated students’ preferences and experiences across online, face- 
to-face, and blended learning channels in fundamental engineering courses through 
a communication-based classroom model. By conceptualizing education as a struc-
tured communication process—where instructors act as senders, students as receiv-
ers, the curriculum as the message, learning modalities as channels, and assessment 
as feedback—the study provides a coherent framework for understanding how 
learning effectiveness is shaped by interaction quality, message clarity, and the pres-
ence of noise.

The findings indicate a clear preference for face-to-face learning, driven not 
by the physical environment itself, but by the quality of interaction, immediacy of 
feedback, and clarity of communication it enables. Online learning, while offering 
flexibility and accessibility, was associated with increased communication noise, 
reduced engagement, and weaker conceptual understanding, particularly for math-
ematically intensive and conceptually complex engineering content.
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When interpreted through the CoI framework, the results highlight the central 
roles of teaching, cognitive, and social presence in shaping learning effectiveness. 
Face-to-face environments were perceived as more supportive of all three pres-
ences through stronger interaction, sustained attention, and continuous feedback. 
The proposed communication model integrates these dimensions into a unified 
framework, positioning learning as an interactive system in which channel design, 
interaction structures, and feedback mechanisms collectively determine educa-
tional quality. These findings suggest that effective engineering education should 
prioritize communication quality and engagement design across modalities, with 
blended models offering a promising pathway for sustainable and resilient instruc-
tional practice.

5.1	 Limitations of the study

This study has several limitations that should be considered when interpreting 
the findings. First, the sample was obtained through convenience sampling from 
a single institution, which limits the generalizability of the results to other uni-
versities, disciplines, and cultural contexts. Second, the study focused exclusively 
on engineering students, and therefore, the findings may not directly transfer to 
non-engineering educational contexts without further validation. Third, the sam-
ple size, particularly for the qualitative interviews, was relatively small, which may 
limit the breadth of perspectives captured. Finally, the study relied on self-reported 
data, which may be subject to response bias and subjective interpretation. These 
limitations highlight the need for future studies using larger, multi-institutional 
samples, diverse academic disciplines, and mixed-method designs with validated 
instruments to strengthen the external validity and generalizability of the proposed 
framework.

5.2	 Future work

Future work will explore the integration of artificial intelligence (AI) into this 
communication framework, particularly in supporting personalized learning 
pathways, adaptive feedback systems, intelligent tutoring, and real-time learning 
analytics. Investigating AI-driven scaffolding, automated formative assessment, 
and adaptive content delivery may provide new mechanisms for reducing noise, 
enhancing cognitive presence, and strengthening feedback loops across all educa-
tional channels.

5.3	 Ethical statement

Based on the IRB Protocol Number 2026-0027 review, participation in this study 
was voluntary. Participants were informed about the purpose of the research, and no 
personally identifiable information was collected. Participants were also informed 
of their right to withdraw from the study at any time without penalty.

This study was conducted in accordance with established ethical principles, 
ensuring integrity, transparency, and respect for all participants.
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