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Introduction: The learning experience has undergone significant changes
recently, particularly with the adoption of advanced technology and online
lectures to address challenges such as pandemics. In fields like engineering,
where hands-on classes are essential, the online learning environment plays a
crucial role in shaping students’ experiences and satisfaction.

Methods: This study aimed to explore the key factors affecting engineering
students’ satisfaction with online learning. A structured survey was administered
to 263 students across various engineering disciplines and academic levels,
all of whom had experienced both in-person learning before the pandemic
and online learning during the pandemic. Factor analysis and multiple linear
regression were employed to analyze the data.

Results: The analysis identified interactions, services, and technology as the
main factors positively influencing online learning satisfaction. The regression
analysis further revealed that students’ satisfaction is significantly dependent on
the availability and quality of online learning services, assessment and interaction
tools, and technology.

Discussion: This study highlights the critical factors that enhance engineering
students’satisfaction with online learning. It offers strategies for educators to improve
online learning environments, emphasizing the importance of quality services,
assessment, and interaction tools. These findings can guide the development of
more effective online learning experiences in engineering education.

KEYWORDS

online learning experience, factor analysis, multiple linear regression, user experience,
learning quality, engineering education

1 Introduction

During the last decade, many worldwide disruptions have challenged the continuity of the
in-class learning process. Since the outbreak of the COVID-19 pandemic, universities around
the world have resorted to online learning as a temporary solution to education during the
crisis. Online learning can be utilized not only during pandemics but also in response to
various risks and disruptions that challenge the continuity of the educational process, such as
earthquakes and natural disasters. In such events, when physical education buildings may
be damaged and rendered unusable, online learning provides a resilient alternative to ensure
the continuity of education.
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Given that unforeseen events could disrupt face-to-face learning,
the importance of online learning is expected to grow. For example,
the pandemic forced more than 1.7 billion students worldwide to
continue their education through online learning due to its spread
(Husain, 2021). Initially, due to sudden changes and lack of necessary
training, not all teachers coped with the situation, leading to
unsatisfactory results (Na and Jung, 2021). However, the situation
forced instructors to adopt online learning tools in a short time, which
required them to be knowledgeable about technology and creative in
conducting study material through online platforms (Amin et al.,
2002). For example, the University of New South Wales in Sydney
developed a pedagogy for construction engineering students using
Augmented Reality to create an immersive learning experience using
accessible tools such as smartphones (Sepasgozar, 2020).

The adaptation of online learning in various educational institutes
during outbreaks, especially during the pandemic, resulted in the need
for several electronic devices, leading to a significant change in the
educational field (Hamad, 2022). However, problems such as difficulty
or uncertainty in understanding the material, media, or receiving
sound given by the lecturer during online lectures have been reported
(Hermiza, 2020). Several studies have explored factors that affect the
quality of the learning experience and students’ satisfaction with
online learning in the pandemic era, including Palmer and Holt
(2009), Zeng and Wang (2021), and Landrum et al. (2021). One of the
quality measures of student learning in higher education is their
satisfaction (Parahoo et al., 2016). Multiple studies concluded that
learners’ perceptions of the effectiveness of a learning experience are
a key factor in determining its overall effectiveness, and thus user
satisfaction can be used in evaluating the study process (Violante and
Vezzetti, 2015). Student satisfaction in evaluating learning experience
has been studied widely, such as by Cole et al. (2014), Nagy (2018),
Dashtestani (2020), Yu (2022), and Maican et al. (2024).

Students in all parts of the world have experienced a swift
transition in their learning environment, suddenly moving from a
traditional face-to-face system to online lectures and assessments.
After experiencing such a transition, it is crucial to learn and adapt the
integration of technology into engineering education, enhancing the
resilience of the education process. This adaptation ensures the ability
to seamlessly execute potential transitions, preventing any negative
experience that limits student learning.

This study is conducted to evaluate this transformative experience
and improve it for future potential disruptions that can cause a shift
from in-class learning to online modalities. As a result, in this paper,
we investigate and develop a framework that represents the
relationship between different factors that influence students’
experience of online learning and affect their satisfaction, particularly
in engineering disciplines. The remainder of the paper includes a
review of the literature, methodology, data analysis, results, discussion,
and finally, a conclusion and limitations.

2 Review of the literature

Access to educational institutions is affected by disruptions like
natural disasters. Organizations such as UNICEF make various efforts
to ensure the continuity of education (Spond et al., 2022). Online
learning has the potential to replace traditional methods with its
coping property with uncontrollable disruptions of the learning
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process (Dhawan, 2020). This is especially evident after the COVID-19
pandemic that caused a major disruption in higher education,
resulting in a shift to online learning in many higher education
institutes (Aristovnik et al., 2023). While previous studies have
highlighted both the challenges and opportunities of online learning
(Adedoyin and Soykan, 2020), significant gaps remain in measuring
the success of the online learning process and how to improve it
especially is math and lab-based disciplines like engineering.

Bourne et al. (2005), identified key challenges in implementing
online programs for engineering education, particularly the difficulty
of conducting laboratory activities. Despite this, it was concluded that
online engineering education would eventually be widely accepted,
offering quality equivalent to traditional education and broad
accessibility. Historically, online engineering education was primarily
at the graduate level due to the complexity of delivering mathematics
and science courses online for undergraduates (Bourne et al., 2005).
In fact, conducting laboratory activities online is especially challenging
for undergraduate students, yet these activities are crucial for their
education (Widharto et al., 2021).

As a result, many studies focus on measuring the effectiveness of
online learning. Student satisfaction with online learning is indicated
to measure the quality of the knowledge and the student’s perspective
of the achieved success (Puska et al., 2020; Sampson et al., 2010).
Student satisfaction is a comprehensive measure to improve learning
quality, defined by efficiency and effectiveness (Puriwat and
Tripopsakul, 2021), and it represents the difference between learners’
expectations and their actual experiences (Yu, 2022).

There are different categories of factors that were covered in the
literature that affect students’ satisfaction with online learning including
pedagogical and students’ demographic information, and technological
factors (Adeniyi et al., 2024; Yu, 2022). Pedagogical and student
demographic factors that affect students’ satisfaction were covered by
different studies, for example, it was stated that self-regulation and
teacher-student interactions significantly influence student motivation
and satisfaction, with students experiencing a blend of dissatisfaction
and satisfaction (Zhang and Liu, 2024). On the other hand, Said et al.
(2022) applied machine learning which resulted in identifying quality,
interaction, and comprehension as key predictors of student satisfaction,
while demographic factors like class, gender, and nationality were found
to be insignificant regarding online learning. Blended learning and the
use of multiple tools in the teaching process are effective strategies to
engage students and support their educational development (Ayari et al.,
2012). Puska et al. (2020) examined the relationship between
independent factors (self-efficacy, metacognition, strategies, and goal
setting) and dependent factors (social dimension and environmental
structure). They concluded that these factors directly or indirectly
contribute to student satisfaction. The study also noted the importance
of considering other influences on student satisfaction, such as age,
gender, and previous experience with technology. Alam et al. (2021)
developed a framework with five factors to make online learning
successful, including instructor, information, learner, system, and
institutional factors. A study of Indian university students highlighted
the positive impacts of instructor quality, course design, prompt
feedback, and student expectations on satisfaction and performance
(Gopal etal., 2021). Further research confirmed that self-regulation, self-
efficacy, task value, and learning design are crucial for students
satisfaction (Yalgin and Dennen, 2024). While Gachigi et al. (2023),
studied post-COVID e-learning and identified course delivery, modes
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of assessment, sense of belonging, and technological quality as significant
predictors of student satisfaction, underscoring the importance of these
factors in the design of effective online learning environments. Similarly,
during the pandemic, a survey was conducted at the University of Bacau
(Romania) to assess the quality of online education. The survey targeted
engineering students who required various online learning activities,
including lectures, labs, and experiments. It showed general satisfaction
with online learning, though some students were dissatisfied due to
communication difficulties with instructors and discomfort from
prolonged monitor exposure (Radu et al., 2020).

On the other hand, technology emerges as a crucial factor,
significantly influencing the online learning experience. For example,
Prasetya et al. (2020) stated that the speed and reliability of internet
connectivity, and the quality of the hardware affect students’
satisfaction with the online learning process. Similarly, Dinh and
Nguyen (2020) noted challenges like poor internet quality affecting
participation and satisfaction, but there is a potential for adapting to
online methods through improved engagement strategies due to
student dissatisfaction with online interaction.

Sun et al. (2008) showed that flexibility and technology play an
important role in student satisfaction with online learning. Jiang et al.
(2021) identified factors using the Technology Satisfaction Model to
show that student satisfaction is strongly linked to their ability to
manage computers and online learning platforms. Similarly, Njoroge
etal. (2012) studied two aspects of technology in student learning that
lead to satisfaction, identifying four key factors: preference,
assessment, performance, and proficiency. The study emphasized that
the availability and accessibility of technology are crucial when
assessing student satisfaction with e-learning technology.

Other technological characteristics covered in the literature that
influence students’ satisfaction with online learning include the ease
of operating necessary software, streamlined procedures, user-friendly
interfaces, and high-quality media (Piccoli et al., 2001; Sun et al., 2008;
Suryani et al., 2021).

A non-exhaustive list of recent significant contributions in this area
includes Yu (2022), Maican et al. (2024), and AlBlooshi et al. (2023). In
addition to literature review papers done by Zhao et al. (2022), Nortvig
etal. (2018), Zeng and Wang (2021), and Refae et al. (2021).

In the literature, various factors affecting students’ satisfaction
with online learning have been identified. However, no study has yet
provided a comprehensive framework that combines technology
aspects with instructional and learning design specifically tailored to
engineering students. This article aims to fill that research gap by
mapping independent variables related to technology and classroom
interaction that impact online learning in engineering disciplines.
Engineering education involves extensive applications and practices
in science, mathematics, and technology, requiring collaboration and
engagement in diverse activities and projects. The main contribution
of this study is to connect these variables to students’ satisfaction with
online learning, using a real case study at a college of engineering in
the Gulf Region, and to examine the influence of different
characteristics on online education preferences.

3 Methodology

Based on the reviewed literature, seven key variables were
identified as contributing to satisfaction with online learning methods.
These variables were processed through the research methodology to
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pinpoint the critical factors affecting the satisfaction of engineering
students. The methodology flow, represented in Figure 1, outlines the
steps taken to achieve this objective.

Step one: defining variables and constructing the framework

The first step involved defining the variables to be tested and
constructing the suggested framework. Seven preliminary factors that
potentially affect online learning satisfaction were identified:
availability of online learning services, online assessment tools, online
interaction tools, online learning course flexibility, technical support,
internet quality, and technology quality. Table 1 presents each
variable’s name, its definition, and the source from which it is adapted.

Based on the variable definitions and to cope with the defined
methodology process, the preliminary research model is depicted in
Figure 2 which maps the possible relationship between the
independent and dependent variables.

Step two: basic statistical analysis

To ensure the validity of the identified variables, basic statistical
analyses were conducted. This included Cronbach’s Alpha Test to
measure internal consistency and descriptive statistics to provide a
summary of the data.

Step three: data analysis

The data analysis phase involved four different methods that are
factor analysis, regression analysis, normality check, and ANOVA and
T-test (Fox, 2015; Montgomery and Runger, 2010). The reason behind
each method is defined as follows:

o Factor analysis: This was conducted to identify the latent factors
behind the variables. Factor analysis helps in understanding the
underlying relationships between the dependent and independent
variables, which is exactly the purpose of this study. In addition,
it helps in identifying hidden patterns and relationships between
the variables by reducing the number of variables to a smaller set
of factors, making the data easier to understand and interpret
these factors and target them with improvement plans.

o Normuality, linearity, and homoscedasticity check: Ensuring that
the data follows a normal distribution which is crucial for the
validity of the regression models.

o Regression analysis: Multiple linear regression analysis was performed
to determine the influence of the latent factors on student
satisfaction. Regression analysis is essential for understanding how
different variables impact the dependent variable.

o ANOVA and T-test: ANOVA and t-tests were conducted to
compare groups stratified by demographic factors such as age,
gender, and the number of semesters studied online. These tests
help in identifying any significant differences between groups.

Step four: results and discussion

The final step is finalizing and presenting a framework for
engineering online learning satisfaction. This framework was
developed based on the identified factors and their impact on student
satisfaction, providing insights into how to enhance the online
learning experience for engineering students.

3.1 Data collection
To follow the defined methodology a data collection is required

for building a realistic framework. A newly developed survey,
designed specifically for this case study, used a structured
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FIGURE 1
Research methodology.

questionnaire for data collection. The questionnaire is composed of
two parts; the respondent information part (age, gender, major, and
online learning experience) and the main question part using a
5-Likert scale (1 for the lowest satisfaction and 5 for the highest
satisfaction). To ensure internal consistency in the instrument, three
questions per variable were assigned, consisting of seven independent
variables and one dependent variable (overall satisfaction). The reason
for including three questions per variable is to facilitate the calculation
of Cronbach’s Alpha. This approach is commonly practiced by many
scholars, as evidenced by Taber (2018). This resulted in a total of 24
questions presented in the English language, consistent with the
instructional language used at the university. Additionally, an open-
ended question was included at the end of the survey to gather
feedback or comments from the students. This approach allowed
respondents to provide comments that clarified the reasons behind
their responses, facilitating further analysis. The distributed survey is
presented in Appendix I.

Before the pandemic, the instruction method relied on the
traditional face-to-face teaching method, encompassing both lectures
and hands-on labs. The background of these students is mainly from
traditional teaching method schools. On campus, students had access
to various study areas that were equipped with computer devices
tailored to the specific requirements of engineering coursework and
featured uninterrupted WIFI connectivity. These designated spaces
were accessible at any required time while the campus was open.

However, in the context of this study, students are reflecting on
their experiences with online learning during the pandemic, a period
in which the educational process shifted to a remote setting, and
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students engaged in learning activities from home using personal
devices. To cope with these challenges, the university management
helped by providing laptop devices available to those in need, ensuring
that everyone had the necessary technology for their studies during
the pandemic and access to materials.

The used surveying technique to collect responses was a
combination of Stratified Sampling and Convenience Sampling.
The survey was distributed electronically to university students,
with access restricted to university email accounts to ensure the
authenticity and relevance of the respondents allowing only
one-time access to it. Additionally, the survey was specifically sent
to students who were admitted before or during the pandemic to
ensure they had experienced both online and in-person classes at
the university. This criterion was essential to gather comprehensive
insights into their experiences and preferences regarding different
modes of learning. To collect responses, the student population
was divided into distinct subgroups based on their academic major,
and academic classification. This stratification ensured that each
major, and classification was adequately represented in the survey,
providing a more accurate reflection in the collected feedback.
Within each subgroup, a random selection process was initially
intended to identify potential participants. However, given
practical constraints such as time, accessibility, and the need to
maximize response rates, Convenience Sampling was applied. This
meant that responses were collected from those students who were
willing to participate at the time of the survey distribution, and the
survey was open for 2weeks to collect responses. This hybrid
approach allowed for a more efficient and practical data collection
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process while still striving to maintain a representative sample
from each demographic group.

As a result, in total 263 engineering students participated in the
survey. Engineering students are enrolled in the engineering program
at the university, which contains nine undergraduate programs and 11
graduate programs. The undergraduate programs include
Architecture, Chemical Engineering, Civil Engineering, Computer
Science, Computer Engineering, Electrical Engineering, Industrial
Engineering, Mechanical Engineering, and Mechatronics Engineering.
While the graduate program includes Architecture, Chemical

Engineering, Civil Engineering, Computer Science, Computer

TABLE 1 Online learning variables affecting online learning satisfaction.

Variable Definition References
The availability of learning and
Availability of online support services provided to Kim and Lee

learning services students, such as learning (2011)

support.

Online tools are used to assess

Online assessment students’ knowledge levels, such Thurmond et al.

tools as blackboard tests, multiple (2002)

choices, etc.

Online software that is used to
Pituch and Lee

(2006)

Online interaction increase engagement, transmit
tools expression, and deliver ideas

during classes and meetings

Learners can access resources
Online learning when needed, with adaptability to
Arbaugh (2000)
course flexibility the needs and preferences of each

learner.

Having appropriate assistance to

students for solving their
MacDonald et al.

10.3389/feduc.2024.1445885

Engineering, Electrical Engineering, Engineering Management,
Environmental Engineering, Industrial Engineering, Material Science,
and Mechanical Engineering.

As shown in Table 2, among the 263 participants, 238 were
undergraduate students, 14 were master’s students, and 11 were PhD
students, all enrolled in the College of Engineering. The participants
were representative of the engineering student population,
encompassing a wide range of disciplines and academic levels. However,
there were some differences among the three groups in terms of their
distribution across the various programs. Due to the significant
variation in the number of participants from different classifications
(undergraduate, master’s, and PhD), an analysis to identify differences
between these groups was not conducted. The collected feedback reveals
a significant gender disparity in responses, with 75% coming from
female students and 25% from male students. This finding is further
validated by examining the distribution of responses by major: 36% of
the total responses were from Chemical Engineering students, and 34%
were from Computer Science and Engineering students. These figures
contrast with the actual population distributions in these majors, where
approximately 75 and 60% of the students, respectively, are female.

3.2 Data analysis

Minitab 8.0 was used for data analysis. A Cronbach’s alpha test was
initially carried out to check the internal consistency of the questionnaire,
which is a measure of reliability. As shown in Table 3, Cronbach’s alphas
for all variables were >0.6, which is considered in the acceptable range
for exploratory research. These values prove the questionnaire is valid
for analysis. In fact, values greater than 0.6 are considered in the
acceptable range for exploratory research, while values above 0.7 are
generally preferred for established research (Griethuijsen et al., 2015).

The scores for all variables were higher than 3 out of 5,
demonstrating that the satisfaction rate among students is above

Technical support curriculum and technical SatiSfaC'[OI'Y for all categories. The ﬂeXibili'[y' of the online learning
2001 . . .
difficulties with accessing (2001) course was the most satisfactory (4.34) and the online interaction tool
materials and email. was the least satisfactory (3.24). The overall satisfaction result was 3.44
) out of 5. Therefore, to get a more clear conclusion, a box plot is
) Internet speed and connection ) )
Internet quality ) Sun et al. (2008) performed to see the distribution of the data. Figure 3 presents a
properties
positive trend in satisfaction with key variables, including the availability
Quality of the used hardware . . 1. . .
Technology quality Sun et al. (2008) of online learning, the flexibility of e-learning courses, technical
(computer, electronic tablets, etc.) X )
support, the quality of the Internet, and the quality of technology.
Learning Quality
" " "
Students’ Satisfaction
abilitv of . i i N 7
Av'al abi lty? Technical On |nt? Online E-Learning Technology )
Online Learning SUBHGTt Interaction Assessment Course Quali Internet Quality
Services PP Tools Tools Flexibility ty
FIGURE 2
Research suggested framework.
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TABLE 2 Demographic information of the respondents.

Profile Classification Frequency Percentage
Male 68 26%
Gender
Female 195 74%
18-22years 189 72%
Age 23-27years 55 21%
28years and above 19 7%
First year 46 18%
Second year 62 23%
Level of Third year 63 24%
education Fourth year 67 26%
Master student 14 5%
Ph.D. student 11 4%
Number of One semester 37 14%
semesters Two semesters 49 19%
studied Three semesters 115 44%
online Four or more 62 24%
Total 263 100%
TABLE 3 Cronbach’s Alpha test and statistics.
Variable Cronbach Average
alpha rating
Overall satisfaction 0.7879 3.44
Availability of online learning services 0.7770 3.87
Online assessment tools 0.7879 3.49
Online interaction tools 0.8072 3.24
Online learning course flexibility 0.7967 4.34
Technical support 0.8597 3.69
Internet quality 0.8658 3.83
Technology quality 0.6559 3.84

Notably, 75% of the data points for these variables are distributed above
the value of 3 on the satisfaction scale. This signifies that a substantial
majority of respondents express satisfaction levels exceeding the neutral
point, indicating positive feelings toward the evaluated variables.

To assess the impact of various student characteristics on
satisfaction, we performed a two-sample #-test stratified by gender and
a one-way ANOVA based on age group and number of semesters
studied. The results indicate that there is no statistically significant effect
of classification factors on overall student satisfaction.

Then, exploratory factor analysis was conducted to identify the
underlying structure of the data and to group related variables into
factors, thereby simplifying subsequent analysis and interpretation.
Exploratory factor analysis was chosen because the factor structure
was not known beforehand and needed to be discovered, as suggested
by the literature (Howard, 2023). Maximum likelihood extraction was
performed to estimate the factors, and Varimax rotation was applied
to achieve a simpler factor structure. A factor loading threshold of 0.4
was used to include only variables with significant relationships to the
factors, following standard practices in factor analysis (Stevens, 2002).
Based on the analysis Table 4 shows that technical support and
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internet quality in factor 1, online assessment tools and online
interaction tools in factor 2, and availability of online learning services
and flexibility of online learning courses in factor 3 were identified.

Taking into account the common features of the variables in each
factor, the latent factors are named as follows:

o Technical factor: This factor includes technical support, internet
quality, and technology quality. These components are integral to
the technical infrastructure and support required for effective
online learning.

Interactive factor: This factor includes online assessment tools

and online interaction tools. Both elements are central to the
interactive aspects of online learning, facilitating engagement,
communication, and assessment.

o System service factor: This factor includes the availability of
online learning services and the flexibility of online learning
courses. These variables reflect the system’s ability to provide
accessible and adaptable learning options to students.

These factors are named according to the defining features of the
variables they incorporate, ensuring clarity and relevance to the
context of online learning. As a result, Figure 4 presents the updated
framework, now incorporating factor analysis, and includes the
associated variables to be tested in the upcoming regression analysis.

Then a multiple regression analysis was performed to examine the
relationship between student satisfaction and independent variables.
As a residual pre-test, a normality test was conducted at a=0.05. As
shown in Figure 5, the residuals of the normality of the data were
secured (p=0.299) to use a linear regression analysis.

A homoscedasticity test was performed using a residual plot of
overall satisfaction vs. fitted values as shown in Figure 6. The residuals
were randomly scattered around the horizontal axis with no
pronounced patterns, indicating randomness and centering around
zero. This suggests that the model fits the data well. Additionally, the
residual plot confirms that the assumption of linearity is largely
satisfied. The random distribution of residuals around the zero line
suggests that the relationship between the predictors and the response
variable is well-represented by a linear model. Therefore, the data is
suitable for regression analysis, meeting both homoscedasticity and
linearity assumptions.

As shown in Table 5, the variance inflation factor (VIF) of all
variables is <5, which shows that there are no significant multicollinearity
issues with all variables. However, three independent variables (online
learning course flexibility, technical support, and Internet Quality) were
found to be not significant (p>0.05) in the regression model.

After removing the insignificant variables from the model, the
final regression model with four independent variables (availability of
online learning services, online assessment tools, online interaction
tools, and technology quality) was obtained as shown in the Equation 1.

Overall satisfaction = 0.623

+0.3118 availability of online learning services

+0.2342 online assessment tools

+0.3133 online interaction tools

+0.2673 technology quality (1)

(RZ =63.83% and Rz(adjusted) = 6313%)
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TABLE 4 Factor analysis.

Variable Factorl Factor2 Factor3
Availability of online learning 0.674
services

Online assessment tools 0.498

Online interaction tools 0.937

Online learning course flexibility 0.535
Technical support 0.528

Internet quality 0.790

Technology quality 0.640

Four independent variables are significant at «=0.05 (p<0.05)
with no multicollinearity issue among the variables (VIF <5), which
shows the relevance of the regression model using the independent
variables (Table 6).

According to the regression analysis, 63.83% of the variance in
student satisfaction was explained by the regression model (R*=63.83%).
Given the fact that there is no large difference between R* (63.83%) and
R(ugjustea) (63.13%), it was found that there is no significant over-fitting
issue. Online interaction tools (0.3133) and availability of online learning
services (0.3118) showed greater contributions to increasing student
satisfaction with online learning than online assessment tools (0.2342)
and quality of technology (0.2673) to increase online learning experience.

4 Results and discussion

First, from the analysis, we can conclude that student
characteristics such as gender, age group, and number of semesters
studied do not have a statistically significant impact on overall student
satisfaction. This suggests that these classification factors do not
contribute meaningfully to variations in satisfaction levels
among students.

Secondly, we can see that several key factors significantly affect the
satisfaction of engineering students with online learning. From the
regression analysis, these variables include the availability of online
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learning services, online assessment tools, online interaction tools,
and technology quality, resulting in the framework presented in
Figure 7. The framework presents the grouping factors and the
variables. The factor analysis was conducted to enhance the reliability
of the framework by grouping variables into distinct latent factors.
This approach provides a structured overview of the data but does not
imply that only the identified variables influence these factors. Other
variables may also affect the latent factors, which warrants further
investigation. While incorporating a regression analysis with the latent
factors as independent variables could yield a more comprehensive
understanding of their relationships and effects, the primary focus of
this study was on assessing the impact of individual variables. The
survey questions were specifically designed to evaluate these variables
directly, rather than the latent factors themselves.

In-depth exploration of the latent factors was beyond the scope of
this paper. Our primary aim was to analyze the effects of the individual
variables. The latent factors were included as additional insights to
refine the framework and provide a foundation for future research by
other scholars.

This is justified as it plays a crucial role in shaping the overall
perception of online lectures among engineering students.
Furthermore, these variables directly influence the effective delivery
and interpretation of online educational content during online lectures
that used to be done face-to-face. Other variables such as technical
support, flexibility of the online course, and quality of the Internet were
integral components of the educational process even before
the pandemic.

The with
comprehensive access to learning materials through platforms

university has been providing students
such as Blackboard. In addition, a robust technical support system,
facilitated by an IT helpdesk, was always available to students at
all times. Additionally, the campus and various locations
throughout the country, including study areas, coffee shops, and,
in general, each residence, have consistently offered high-quality
Internet access.

Therefore, the analysis suggests that the satisfaction of engineering
students with online learning is closely related to these variables,
emphasizing the importance of continued support and enhancement
of these variables for an optimal online learning experience.
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The results indicate that the quality of interactions, communications,
and services between students and instructors affects the online learning
experience as much as technical quality. This is consistent with the fact
that online learning differs from offline learning primarily in terms of
interactions, communication, and services, as opposed to the physical
environment. Based on students’ feedback in the open-ended question
(shown in Appendix I), it is beneficial to use similarity or likeness-based
metaphors of offline learning as much as possible. The advantage lies in
reducing the disparity between face-to-face and online learning,
particularly in mitigating the loss of facial expressions and interactive
elements. This can be achieved by incorporating emoticons or
animations in communications to mimic offline interactions or
communications, demonstrating a classroom or a meeting room with a
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graphic layout that stimulates the affordance of the interaction tool in
the environment. Furthermore, based on student feedback, they expect
online communication to be similar to offline communication in
classrooms, meeting rooms, and laboratories. The main effort to
improve online learning should be given to improving communication
clarity and speed, considering that two main measures to assess
communication quality are transmitted information (transmitted
entropy) and channel capacity (Lehto and Landry, 2012). For example,
the implementation of a live support service can help users resolve
misunderstandings that occur for engineering students, such as using
WebEx Board. WebEx Board, an interactive whiteboard designed for
virtual meetings and presentations, serves as a hub for online
collaboration and communication. Upgrading the WebEx Board with a
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TABLE 5 Regression analysis specifications.
Term Coef SE Coef T-value p-value VIF
Availability of online learning 0.31 0.06 4.88 0 1.9
Online assessment tools 0.22 0.06 3.81 0 2.02
Online interaction tools 0.30 0.05 5.47 0 221
E-learning course flexibility —0.01 0.07 —0.27 0.784 1.64
Technical support —0.001 0.06 —0.02 0.987 1.95
Internet quality 0.101 0.06 1.72 0.086 1.82
Technology quality 0.21 0.07 3.15 0.002 1.93

wireless presentation screen, a digital whiteboard, and an audio/video
conferencing system can improve online interactions. This enhancement
can also capture a virtual image of the room, facilitating nonverbal
communication through body language or facial expression, which is
missing in applications such as WebEx or Teams which are just
conferencing platforms.

As a result, this adaptation to online learning results more easily
and efficiently in improving online learning satisfaction among
engineering students. However, considering that technical quality
improvement takes time and cost. Moreover, enhancing online
learning satisfaction presents a challenge in training users, both
instructors and students, on the specialized tools and pedagogy
tailored for online education. The use of multiple tools often leads to
difficulties in navigation and utilization.

Linear regression analysis found that about two-thirds of online
learning satisfaction is affected by the quality of online learning
services, online assessment tools online interaction tools, and quality
of technology. Interestingly, software components such as the
availability of online learning services and online interaction tools
contribute more to online learning satisfaction than technical quality.
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Evaluation is a challenge in online learning, although it is one of the
significant factors in the regression model. There is no perfect way to
monitor a test due to issues such as cheating, privacy, and system
failure, which are context, culture, or technology-dependent.

Technology improvements based on virtual reality, artificial
intelligence, machine learning, and the fifth-generation mobile
network (5G) are expected to partially reduce the aforementioned
issues (communication barriers, assessment invigilation, etc.) (Kumar
etal., 2022).

Although online learning is not new, it had not been implemented
worldwide until the COVID-19 pandemic broke out. The pandemic
is pushing societies to utilize technological advancements. Online
learning was urgently implemented without prior preparation, like
most universities around the world. This study showed that students
were fairly satisfied with online learning, although it needs
improvements in services, tools, technologies, and assessments.
Without a doubt, online learning is not just a short trend due to
COVID-19, and it is expected to continue along with offline learning,
supplementing each other’s drawbacks. The role of online learning is
expected to increase even after the pandemic ends.
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TABLE 6 Specifications of the four significant independent variables.
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Term Coef SE Coef t-value p-value VIF
Availability of online learning services 0.31 0.22 5.04 <0.001 1.73
Online assessment tools 0.23 0.06 4.11 <0.001 1.92
Online interaction tools 0.31 0.05 5.86 <0.001 2.02
Technology quality 0.26 0.05 4.55 <0.001 1.42
Learning Quality
, . %
Students’ Satisfaction
[ |
Interactive . System Service
Technical Factor v
Factor Factor
I . 1 I
Availability of Online Online
. . . Technology
Online Learning Interaction Assessment Quality
Services Tools Tools
FIGURE 7
Framework for online learning satisfaction in engineering disciplines.

Finally, following a comprehensive review of the relevant literature,
we have identified a notable gap in research concerning the impact of
various factors on engineering students, particularly those engaged in
advanced mathematical and laboratory-based coursework. To date,
there appears to be no study that specifically examines how variables
such as the availability of online learning services, online assessment
tools, online interaction tools, and technology quality affect engineering
students who traditionally rely on face-to-face instruction due to the
complex and hands-on nature of their studies. This gap is significant
given that engineering education has always involved in-person
interactions with the practical and mathematical aspects of the
discipline. Therefore, any attempt to compare our findings with existing
research may not be appropriate, as our study is the first of its kind in its
exploration of this relatively unexplored area. The novelty of this study
lies in its focus on understanding how engineering students interact
with online learning environments and identifying critical factors that
influence their online educational experience. Key areas of interest
include the availability and effectiveness of online learning services, the
utility of online assessment tools, the functionality of online interaction
tools, and the overall quality of technology used in online learning
settings. These factors are crucial for developing effective online learning
strategies tailored to the needs of engineering students.

5 Conclusion and limitations

This research presents a framework for understanding the
factors influencing online learning satisfaction in engineering

Frontiers in Education

disciplines. The study utilized real-case data from a college of
engineering, with a total of 263 students participating from
different engineering disciplines. These students engaged in both
online and in-person learning throughout their studies. Various
statistical methods were employed, including Cronbach’s alpha
test, descriptive statistics, factor analysis, regression analysis,
normality checks, regression modeling, ANOVA, and t-tests. The
findings indicate that satisfaction with online learning was
consistent across different student groups, with no significant
differences based on demographic factors such as age, gender, or
duration of online learning experience. Through exploratory factor
analysis, the study identified technical factors, interactive factors,
and system service factors as key variables enhancing online
learning satisfaction. After conducting regression analysis and
removing insignificant variables, the final model revealed that four
key independent variables significantly impact satisfaction:
availability of online learning services, online assessment tools,
online interaction tools, and technology quality. This
comprehensive framework, which integrates both factor and
regression analyses, is designed to improve students’ satisfaction
with online learning by focusing on these critical factors. As a
result, the study presents a comprehensive framework designed to
improve students’ satisfaction with online learning by focusing on
these critical factors.

While this study offers valuable insights into factors affecting
engineering students’ satisfaction with online learning, it has
several limitations that should be addressed in future research.

First, future research should include a broader range of variables,
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such as the impact of long-term technology use and its influence
on student interactions. Second, the study’s focus on the Gulf
Region may not be generalizable to other regions; thus, surveying
a larger and more diverse population could validate the findings.
Additionally, the study did not explore the perspectives of
academic educators, which could offer valuable insights into the
perceived effectiveness of online teaching methods. Moreover, a
comparative study should examine these factors across various
disciplines to identify any differences or similarities in their impact
on student satisfaction. Finally, future research should examine
personal and intellectual factors, such as individual traits and
mental or physical challenges, which could significantly impact the
online learning experience. Addressing these limitations will
enhance understanding and contribute to the development of more
effective online learning strategies.
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