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Abstract: With the aim of assisting students in acquiring the practical knowledge required for
sustainable engineering practices, a new intervention method in the form of flipped micro-modules
was developed. The perceived quality of the flipped micro-modules and their relationship with the
students’ attitudes towards using them were then evaluated using an extended technology acceptance
model (TAM-extended model). The quality of the flipped micro-modules was measured based on
three aspects: the quality of the framework, the quality of the content, and the quality of the operation.
The findings revealed that the students considered the framework of the flipped micro-modules
to be the most important aspect. The findings also demonstrated that the flipped micro-modules
have the potential to improve engineering education and prepare students for future sustainable
engineering practices.

Keywords: flipped classroom; micro-modules; intervention; TAM-extended model; sustainable
engineering education

1. Introduction

The pedagogical landscape in higher education has undergone significant changes in
recent years, embracing new technologies and innovative teaching methods such as project-
based learning, gamified learning, learning in virtual immersive environments, flipped
classrooms, and blended learning. In particular, engineering education has also adapted
to these trends to better equip students with the knowledge and skills required for their
future practices. Traditional in-class learning approaches emphasize more on delivering
theoretical principles, which often leads to a lack of practical experience. One challenge for
current engineering graduates is to effectively recognize and solve the practical problems
they encounter in their careers.

Sustainable engineering education is a critical aspect of preparing future engineers
for the challenges of sustainable development. This refers to the process of teaching
and learning about engineering practices that focus on environmental protection, social
responsibility, and economic viability [1]. The goal is to prepare engineers to design,
develop, and implement solutions that are sustainable and meet the needs of the present
generation without compromising the ability of future generations to meet their own needs.
Sustainable engineering education can provide future engineers with the knowledge and
skills needed to achieve these aims.

Engineers who are trained in sustainable engineering practices are better equipped
to design products, systems, and processes that have minimal impact on the environment
and promote the well-being of society while also being economically feasible. However,
current engineering students may not have a clear understanding of the resource constraints
and may lack the necessary knowledge and skills to implement sustainable engineering
practices [2]. As a result, it is essential for engineering curriculums to include sustainable
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engineering practice-related knowledge to better equip students with the knowledge and
skills they need to contribute to sustainable development.

With increasing recognition of the importance of sustainable engineering education,
many universities are attempting to incorporate it into their engineering curricula. Despite
this, numerous challenges still exist, such as the absence of a clear definition of sustainable
engineering education, the time-consuming process of updating courses, and the lack of
systematic integration of sustainability knowledge with engineering practice. Therefore, it
is important to identify relevant and practical content for sustainable engineering and find
an effective way to integrate it into the existing engineering curriculum.

There are several pedagogical tools and methods designed specifically for teaching
engineering practices. The purpose of these tools is to equip students with hands-on
experience and the skills necessary for success in engineering fields. These pedagogical
methods include project-based learning, field trips and site visits, internships, and co-op
programs. This study proposes the development of micro-modules and their incorporation
into flipped classroom pedagogy to facilitate sustainable engineering education among
university students with an engineering academic background.

This paper presents a case study-based design and implementation process of a
flopped micro-module pedagogy. It aims to evaluate engineering students’ acceptance of
using the flipped micro-module application in existing curriculums and discusses how this
pedagogical approach facilitates learning of sustainable engineering knowledge. In this
study, a micro-module is defined as self-contained instructional unit that concentrates on
diverse types of sustainable engineering practices. The micro-modules were intended to
provide the students with concise and targeted learning materials and activities, enabling
them to engage in deeper learning and to implement their knowledge in practical situations.
Each micro-module utilized in this study was comprised of animated videos, question-
naires, and online discussion forums, all of which were accessible via a university online
education management system (Blackboard). Based on two engineering management
courses, one undergraduate-level and one postgraduate-level course, three micro-modules
were developed and integrated into the course delivery process. Both qualitative and
quantitative data were collected to answer the following research questions:

(1) How do engineering students perceive the quality of the flipped micro-modules,
and what are their acceptance levels of the new pedagogical method?

(2) What is the implication of this study for the future development of flipped micro-
modules for supporting sustainable engineering practice education?

1.1. Technology-Led Pedagogies in Higher Education

The integration of various technologies into the curriculum has significantly improved
learning effectiveness and students’ learning experience. With the advent of advanced
technologies such as videos, virtual reality/augmented reality, apps, artificial intelligence
(AI), and cloud analytics [3–5], technology-led pedagogies have been developed to support
different learning behaviours, processes, and habits [6,7]. While different learning theories,
such as cognitive learning theory, constructivist learning theory, behavioral learning theory,
and humanistic learning theory, provide insights into how individuals engage in the
learning process, many researchers have adapted these theories to integrate technologies
to enhance learners’ abilities to comprehend new knowledge, create engaging learning
experiences, and provide a space for learners to explore new knowledge and engage in
critical thinking.

The integration of technologies in higher education has resulted in the development of
various teaching models and digital tools, which are widely used in educational practices.
For example, almost all higher education institutions use learning management systems
(LMS) to manage, deliver, and track course materials and student progress. This type
of technology provides teachers with valuable data about student learning and perfor-
mance, allowing them to make informed decisions about instructional design and teaching
strategies [8]. In recent years, AI tutors have been integrated at the course level by some in-
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structors. They can provide personalized feedback and guidance to students based on their
strengths and weakness, allowing for a more effective learning experience [9]. Virtual and
augmented reality (VR/AR) technologies are used to provide immersive and interactive
learning experiences that engage students and help them to understand complex concepts
in a more intuitive way [10]. With the proliferation of social media, social media-based
learning has also become a new digital learning format. Social media platforms can be used
to deliver course materials, increase interactions between students and teachers, and foster
learning communities [11].

Technology-led pedagogies, such as project-based learning, gamified learning, flipped
classrooms, and blended learning, can align with various learning theories, as they provide
opportunities for students to actively engage with and construct their understanding of
the knowledge.

Project-based learning enables students to apply the concepts they learned to real-
world problems. It has been applied to help students engage in real problem-solving
and knowledge construction, and to develop more professional and transferable knowl-
edge [12–14]. Gamified learning is another example of using technologies to enhance stu-
dents’ motivation and enable the learning process to become more engaging [15]. Blended
learning is a teaching approach that combines traditional face-to-face instruction with
technology-enhanced elements. The goal of blended learning is to leverage the strengths of
both face-to-face and online learning to create a more personalized, engaging, and effective
learning experience for students. In blended learning, students are often given more control
over their learning pace and direction, and teachers can use technology to support and
enhance student learning [16,17]. In recent years, the flipped classroom has been devel-
oped and put into practice with support technologies. It encourages student-centric active
learning and is a dynamic way of learning, enabling students to work more closely with
their classmates and instructors.

1.2. A Comparison of Different Technology-Led Pedagogies

The literature suggests that project-based learning, gamified learning, blended learn-
ing, and flipped classrooms can all be used for delivering practicum content [13,18–20].
Subhash and Cudney [15] pointed out that gamified learning may distract students’ focus
from the course content, as the students would focus more on the game mechanism. In other
words, the students may focus on winning the game instead of learning the knowledge
embedded in the game [21]. In addition, project-based learning approaches are usually
time-consuming and require considerable resources to design and implement student-
centric projects [13]. The literature suggests that blended learning and flipped classroom
approaches are considered to be more appropriate for teaching practicum content compared
with other methods. First, they promote active learning by having students engage with
course material before class. Secondly, in-class time is dedicated to practical applications
and problem-solving, fostering hands-on experience. Thirdly, flipped classrooms offer flex-
ibility, allowing students to learn at their own pace and reinforce understanding. Fourthly,
they efficiently use class time by shifting theoretical content delivery outside of class. Fifthly,
instructors can provide immediate feedback and support during in-class activities. Lastly,
flipped classrooms facilitate the integration of sustainable engineering practice education,
preparing students for future challenges in a supportive and interactive environment.

While sustainable engineering practices are more often delivered on a lecture basis
or a case basis rather than a course basis, both blended learning and flipped classrooms
are suitable for delivering the content. Blended learning and flipped classrooms are
instructional approaches that combine traditional face-to-face teaching with online learning
elements. They both emphasise active learning and personalised learning, integrating
online and in-person teaching components. Both offer a high level of flexibility in learning.
Blended learning integrates online and face-to-face activities throughout the course, and
students engage in both activities simultaneously or in a structured sequence throughout
the learning process. Typically, the online component occurs before the in-person class
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session in a flipped classroom. In order to prepare for the in-person activities, the students
must access pre-recorded lectures and other online materials outside of class. The latter is
considered more appropriate for integrating information about sustainable engineering
practices into students’ learning processes. The students have access to practice-based
sustainable engineering cases prior to class, and they can readily connect the practice
(learned outside of the classroom) with the theories discussed in class if they have gained
the knowledge prior to class. Using the flipped classroom approach to teach sustainable
engineering practices, the “off-classroom and in-class” scenarios are distinct in terms
of “learning place” but are also well integrated, as the two categories of content can
complement each other to improve the students’ comprehension.

1.3. Flipped Classroom Pedagogy in the Discipline of Engineering Education

According to previous studies, social science, computer science, and engineering are
the top three education areas in which flipped classrooms have been widely applied [22,23].
So far, this method has been applied to subjects like manufacturing technology [24], digital
circuits [25], and energy engineering [26]. The effectiveness and advantages of this peda-
gogy in previous applications have been validated: 83% of the participants preferred the
flipped classroom approach over the traditional didactic teaching approach, as it provides
more chances for teachers and learners to communicate with each other, making the ses-
sions more informative [24]. In an experiment involving 41 engineering students conducted
in reference [25], it was found that the flipped classroom approach can allow more content
to be covered than the traditional teaching method, enabling the students to have more
first-hand practice. It can connect both theoretical knowledge and problem-based learning
exercises [27].

One of the biggest challenges that fresh graduates from existing engineering programs
are facing is that their knowledge in dealing with engineering practices, especially related
to sustainable engineering practices, is lacking. Traditional lecture-based teaching cannot
satisfy the current needs of sustainable engineering education. Flipped classrooms can
solve this problem, as they enable several levels of flexibility. First, students are allowed
to engage in learning during off-classroom time and participate in designed learning
activities based on their own pace. Second, different forms of content can be used to
facilitate learning, such as online videos, VR platforms, online games, online Q&A, etc.
To a certain extent, this has enriched students’ perception of the knowledge. Third, the
flipped classroom pedagogy provides interaction flexibility. On one hand, online e-learning
platforms can be used to enable student and teacher communication, while on the other
hand, the classroom has been “flipped”, allowing students and teachers to have more time
to discuss the “pre-learned” knowledge during class time. The teachers can understand
their students’ learning outcomes and track their progress directly and efficiently [25].

However, the flipped classroom approach is not perfectly versatile. In Castedo et. al.’s
case study [26], the flipped classroom approach was found to have some positive effects
on learning, but its efficacy was highly influenced by the students’ attitudes. In other
words, the students’ attitudes towards the flipped classroom approach highly affected
their learning outcomes. Thus, to evaluate the effectiveness of a flipped classroom edu-
cation model, it is necessary to assess the students’ attitudes or their acceptance of the
pedagogical approach.

1.4. How to Flip the Classroom to Support Sustainable Engineering Practice Teaching

In order to answer the question of how to flip the classroom to support sustainable
engineering practice teaching, it is necessary to develop a package of systematic teaching
materials and relevant activities to facilitate both in-class and off-classroom learning. As
suggested by AI-Abdeli [28], a clear and structured framework of flipped classroom design
shall be established in order enable a smooth transition and implementation of a flipped
classroom. AI-Abdeli [28] has adopted a three-stage (before class, in class, and after
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class) flipped-class model, which outlines the framework of the flipped classroom used in
his teaching.

Sustainable engineering practices are a relatively vague concept that needs to be broken
down into small units to illustrate practical scenarios. Thus, micro-modules are considered
an effective tool to incorporate the flipped classroom approach in sustainable engineering
practice teaching. Micro-modules focus on engaging students in deeper learning and
increasing the practicability of knowledge under real-world circumstances. They can
provide learners with bite-sized, easily digestible information and activities that promote
active engagement and the application of new knowledge, allowing them to build on their
prior knowledge and experiences.

Integrating micro-modules into a flipped classroom that teaches sustainable engineer-
ing practices involves a strategic and thoughtful approach to maximize their effectiveness
in facilitating active learning and practical application. The major steps for integrating
micro-modules into a flipped classroom include: (1) identifying the key topics and sub-
topics related to sustainable engineering practices that need to be covered in the course;
(2) developing the micro-modules for each sub-topic; (3) assigning the micro-modules as
pre-class assignments; (4) integrating pre-class learning in in-class activities (e.g., focus-
ing on creating active learning activities that build upon the knowledge presented in the
micro-modules; (5) collecting the students’ feedback [14].

2. Materials and Methods

This study was conducted in three stages. In the first stage, 3 micro-modules containing
6 animation video clips were developed. In the second stage, the developed micro-modules
were incorporated into two existing courses to facilitate course delivery. In the third
stage, the students’ acceptance of the flipped micro-modules was evaluated based on a
TAM-extended theoretical model. The details are elaborated in the following sub-sections.

2.1. Development of the Micro-Modules

Key topics were identified to facilitate sustainable engineering education to guide the
micro-module content design (Figure 1), including economic/management, technology,
business, entrepreneurship, and ethics/law. A total of 3 micro-modules were developed.
These three sub-topics were selected and defined based on the key topics identified under
sustainable engineering education. They were then incorporated into the course, with
each micro-module consisting of a quiz, online forum discussion, and two video clips:
one teaching key concepts/theories/frameworks, and the other one demonstrating a
practical case. Within the semester of Fall 2022 (from September 2022 to January 2023), two
engineering management-related courses (one at the undergraduate level and the other at
the postgraduate level) from a university in Hong Kong were selected to adopt the flipped
micro-modules.

The first course taught the project procurement principles and practical methods used
in the construction and facility management sectors. The contents included “tendering
and estimating”, “contractual arrangement and management”, “resolution of disputes”,
“application of management science principles” and “techniques for project management,
planning, and control”. The second course taught economics knowledge and its application
in facilities management.

Aligning with the teaching objectives of these two courses, three micro-modules were
developed to facilitate students’ understanding of (1) sustainable engineering management
practices in construction projects, (2) basic ethics in project procurement and outsourcing
practice, (3) decision-making science and decision-making tools used in lean facilities man-
agement. These three micro-modules fell under the “economic/management perspective”
and “ethical/law perspective” categories indicated in Figure 1—key topics identified to
facilitate sustainable engineering education. In the development process, a web-based
animation design platform called Vyond was used to develop 6 animation video clips
with video lengths between 2′08′′ and 6′26′′. The micro-modules were incorporated into
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the corresponding lectures, and the detailed implementation process will be given in the
following sections.
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2.2. Implementation of the Flipped Micro-Modules

As shown in Figure 2, each micro-module was incorporated and implemented in four
steps. First, before the class, the first videos, together with relevant reading materials, were
uploaded to the university’s learning management platform for students to learn (Part 1
in Figure 2). Second, during the class, the instructor started with a brief review of the
first video to refresh the students’ memory, followed by a discussion and other in-class
activities. Third, after the class, a second video illustrating a case was uploaded, followed
by an online quiz and online forum (Parts 2, 3, and 4 in Figure 2). The online quiz tested
the contents of the two videos to examine the students’ learning progress and outcomes.
An online forum was implemented to strengthen instructor–student communication and to
encourage the students to learn from each other. A total of 101 students (66 undergraduates
and 35 graduate students) participated in the entire flipped classroom learning process,
which included viewing the pre-class and post-class videos, completing the online exams,
and participating in the online forum. The students enrolled in the courses were required
to participate in the flipped classroom activities, and their participation was marked using
a university online education management system (Blackboard). To encourage the students
to participate in the flipped classroom activities, the quiz scores were used as an assessment
method for the course.
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At the end of the course, the students were encouraged to participate in an evaluation
survey on a voluntary basis. Section 3.4 elaborates on the details of the questionnaire design
and survey implementation.

2.3. Assessment of the Students’ Acceptance of the Flipped Micro-modules Using an Extended
TAM Model

Since Fred Davis proposed the Technology Acceptance Model (TAM) in 1989 [29], it
has been widely adopted and used to measure the acceptance of different media [30]. The
adaptation of TAM is highly associated with the purpose of use and the technologies to be
evaluated [31,32]. Some TAM-extended models have been developed to predict people’s
intention to use a system and their usage behaviour, thereby incorporating constructs
such as voluntariness, job relevance, output quality, and experience [33]. The fundamental
theoretical framework of TAM consists of three core factors: perceived usefulness (PU),
perceived ease of use (PEU), and attitudes toward using (ATU). The framework also
illustrates interactive effects that PU and PEU have on ATU and the relationship between
PEU and PU.

An extended TAM model was developed for assessing the students’ acceptance of the
micro-modules and the flipped classroom approach, as shown in Figure 3. The goal of the
assessment was to understand how the students responded to the intervention method and
identify areas that may require adjustments or improvements in the teaching strategy. The
formative assessment will provide insights into the learning process to improve teaching
and learning.
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According to Fathema et al. [34], the system quality (quality related to the features,
contents, interaction capability, etc.) can influence the PU, PEU, and ATU. Therefore, in
addition to the original TAM, the quality of the micro-modules was considered to be
another important factor that affected the ATU in this study. It was integrated into the
extended TAM, assuming that the quality of the micro-module would affect the PU, PEU,
and ATU.

The quality of the micro-modules was measured by the quality of the framework
of the flipped micro-modules (QF), quality of the content of the flipped micro-modules
(QC), and the quality of the operation of the flipped micro-modules (QO). QF refers to
the logic and structure of the micro-module framework, including previewing the videos
before the lecture, in-class teaching and discussions, after-class quizzes, and online forum
participation. QC refers to the content of the micro-modules, including the selection of the
topic/knowledge and the structure and presentation of the knowledge in each video. QO



Educ. Sci. 2023, 13, 784 8 of 20

refers to students’ experiences in the operating system, including accessing the learning
materials, the process of watching the videos, and the instruction information for accessing
the micro-modules.

These are hypotheses that were tested in this study. Hypotheses H1, H2, and H3
related to the impact of the quality of the framework, content, and operation of the flipped
micro-modules on the ATU. Hypotheses H4 and H5 related to the impact of the quality
of the content and operation on the PU and PEU, respectively. Hypotheses H6 and H8
related to the interplay between the PEU, PU, and ATU. In other words, the hypotheses
tested the relationships between different factors that influenced the acceptance of flipped
micro-modules as a learning tool.

H1: The quality of the framework of the flipped micro-modules has a significant impact on students’
attitudes toward using the flipped micro-modules.

H2: The quality of the content of the flipped micro-modules has a significant impact on students’
attitudes toward using the flipped micro-modules.

H3: The quality of the operation of the flipped micro-modules has a significant impact on students’
attitudes toward using the flipped micro-modules.

H4: The quality of the content of the flipped micro-modules has a significant impact on students’
perceived usefulness.

H5: The quality of the operation of the flipped micro-modules has a significant impact on students’
perceived ease of use.

H6: Students’ perceived ease of use has a significant impact on their perceived usefulness.

H7: Students’ perceived usefulness has a significant impact on their attitudes toward using the
flipped micro-modules.

H8: Students’ perceived ease of use has a significant impact on their attitudes toward using the
flipped micro-modules.

2.4. Data Collection and Analysis

A questionnaire survey was conducted to collect data based on the proposed TAM-
extended model. The questionnaire consisted of 34 questions (Appendix A), which could
be divided into three parts. Part 1 consisted of 29 7-point Likert scale questions (ranging
from 1—strongly disagree to 7—strongly agree) measuring the six constructs (PU, PEU, QO,
QC, QF, and ATU, at least 4 items under each construct). Part 2 consisted of 4 questions to
collect background information about the student participants, and part 3 provided an open-
ended question asking the students’ opinions on the micro-modules. The survey was hosted
using Microsoft Forms and was completed by 101 students from two engineering courses.
Prior to the official launch of the survey, a pilot survey was conducted to evaluate the
questionnaire’s readability. The survey obtained human subject ethics application review
approval (No. HSEARS20221217003) from the first author’s university. The background
information of the respondents is shown in Table 1.
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Table 1. Background information of the student participants.

Attributes Distribution Respondents %
(n = 101)

Gender
Male 73% (74)

Female 27% (27)

Education level
Master students 35% (35)

Undergraduate student (Year 3 and
Year 4) 64% (66)

Study mode Full-time student 86% (87)
Part-time student 14% (14)

Whether previously attended any
courses that adopted micro-modules

Yes 46% (46)
No 54% (55)

The collected data were analysed using structural equation modelling (SEM) and the
partial least squares (PLS) method due to their suitability for small sample sizes, ability
to handle non-normal distributions, and strong exploratory and explanatory aspects [35].
The PLS-SEM method was adopted to test the proposed TAM-extended model and the
relationships between the theoretical constructs.

3. Results

Smart PLS 3.3.9 was used for analyzing the correlations described in the proposed
model. Before carrying out the PLS-SEM analysis, IBM SPSS Statistics 26.0 was used
to conduct common method variance bias tests, and both softwares were used for as-
sociated validity and reliability checks to assess the data quality and consistency of the
structural model.

3.1. Model Testing and Analytic Results
3.1.1. Validity and Reliability Tests

This study used the Kaiser–Meyer–Olkin sampling adequacy measure (KMO) and
Bartlett’s sphericity test to determine whether the data were suitable for factor analysis.
The KMO measure of sample adequacy was found to be 0.853, beyond the 0.6 threshold
value. The Bartlett test revealed a significance value of 0.000, below the threshold value of
0.005. These results showed that the sample was sufficient for factor analysis (Table 2).

Table 2. KMO and Bartlett’s test.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.853

Bartlett’s Test of Sphericity Chi-Square 2743.231
Degrees of freedom 561
p-value 0.000

The constructs relating to the extended TAM were validated, and the measured items of
the variables and their factor loadings were also examined in this study. The results showed
that the Cronbach alphas for all the constructs were greater than 0.7: PU (0.856), PEU (0.781),
QC (0.869), QO (0.773), QF (0.858), and ATU (0.923), indicating that the measurement items
had strong internal consistencies and reliabilities (Table 3). Regarding the factor loadings,
as suggested by [35], items with factor loadings below 0.70 were removed from the model
to improve the model and path strength, given that the averages and standard deviations
were within the acceptable range. Table 3 shows that both PEU1 and PEU4 had factor
loadings less than 0.70 (PEU1: 0.654, PEU4: 0.699). Strictly speaking, both items should
have been removed to enhance the model’s explanatory power. Considering that PEU4
(0.699) was slightly below 0.7 and that it represented a unique dimension of the PEU
construct that was theoretically relevant and meaningful, it was retained in the model. In
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some cases, even though their factor loading was below the conventional threshold, their
inclusion might have contributed valuable insights into the users’ perceptions of ease of
use that could not be captured by other items. PEU1 (0.654) was eliminated to enhance
the model’s explanatory power and path strength, as the statistical results indicated that it
could not adequately represent the PEU construct.

Table 3. Factor loading and Cronbach’s alpha of the measurement instruments and constructs.

Construct Measurement Item Factor Loading Cronbach’s Alpha (α)

Perceived usefulness (PU)

PU1 0.831

0.856
PU2 0.883
PU3 0.732
PU4 0.798
PU5 0.740

Perceived ease of use (PEU)

PEU1 0.654

0.781
PEU2 0.770
PEU3 0.748
PEU4 0.699
PEU5 0.766

Quality of the content of the flipped
micro-modules (QC)

QC1 0.778

0.869
QC2 0.876
QC3 0.842
QC4 0.778
QC5 0.777

Quality of the operation of the flipped
micro-modules (QO)

QO1 0.774

0.773
QO2 0.711
QO3 0.808
QO4 0.772

Quality of the framework of the flipped
micro-modules (QF)

QF1 0.802

0.858
QF2 0.766
QF3 0.786
QF4 0.805
QF5 0.828

Attitudes toward using the flipped
micro-modules

(ATU)

ATU1 0.791

0.923
ATU2 0.879
ATU3 0.883
ATU4 0.900
ATU5 0.915

3.1.2. Analysis of the Measurement Model

In the current study, the extended TAM model had six variables, all of which were
reflective measurement models. It was necessary to ensure that the indicators accurately
measured each of the structures under consideration and evaluated the indicators’ validity
and reliability. With Cronbach’s alpha values greater than 0.70, a composite reliability more
significant than 0.60, and an average variance extracted from the model (AVE) more than
0.50, all the thresholds were satisfied (Table 4), indicating the model and its development
had internal consistency, reliability, and convergent validity. Additionally, for adequate
discriminant validity, the bold numbers in Table 5 were greater than the corresponding
non-bold numbers, indicating that the data achieved good discriminant validity.
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Table 4. Construct internal consistency reliability and convergent validity.

Construct Cronbach’s Alpha Composite Reliability Average Variance Extracted (AVE)

PU 0.856 0.897 0.638
PEU 0.750 0.842 0.572
QC 0.869 0.906 0.658
QO 0.773 0.853 0.593
QF 0.858 0.897 0.636
IU 0.923 0.942 0.765

Table 5. Discriminant validity.

Construct PU PEU QC QO QF IU

PU 0.799
PEU 0.682 0.756
QC 0.613 0.723 0.811
QO 0.502 0.635 0.678 0.770
QF 0.595 0.745 0.619 0.744 0.798
IU 0.530 0.732 0.528 0.541 0.586 0.875

3.1.3. Analysis of the Structural Model

The structural model was then analyzed to assess its prediction performance. The
explained variance (R2) and predictive correlation of the model (Stone-Geisser’s Q2) were
evaluated. According to Table 6, the structural model predicted a PU variance of 0.495, a
PEU variance of 0.414, a QC variance of 0.382, a QO variance of 0.639, and an ATU variance
of 0.554. The PU, PEU, QC, QO, and ATU constructs all had Q2 values above zero, showing
a predictive correlation. The predictive power of the model was confirmed by the Q2 and
R2 values. Figure 4 visually presents the full PLS-SEM analysis results.

Table 6. Assessments of relevance between the constructs in the structural model.

Construct R2 R2 Adjusted Q2

PU 0.495 0.485 0.298
PEU 0.414 0.408 0.230
QC 0.382 0.375 0.241
QO 0.639 0.632 0.353

ATU 0.554 0.530 0.410

Notes: R2 and Q2 were used to evaluate the model’s accuracy and predictive correlation, respectively. R2 values
indicate the amount of variance in the endogenous constructs that can be explained by the exogenous constructs. A
value of 0.67 or higher was considered substantial, while values between 0.33 and 0.19 were considered moderate
and weak, respectively. The Q2 values, on the other hand, were used to evaluate the predictive relevance of the
exogenous constructs using a blindfolding procedure. A Q2 value greater than 0 indicates a predictive correlation.

The results of the bootstrapping procedure with 5000 resamples indicated that all of
the path coefficients except for H7 were significant, with a 95% confidence interval (t-value
greater than 1.645 and a p-value less than 0.05) (Table 7). This supports the hypotheses H4,
H5, H6, H8, H9, H10, and H11.
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Table 7. Path analysis for hypothesis testing.

Hypothesis Path
Coefficient (β) Sample Mean T Statistics p-Values Decision

H1 QF→ ATU −0.007 0.001 0.142 0.961 Not Supported
H2 QC→ ATU −0.097 −0.118 0.118 0.412 Not Supported
H3 QO→ ATU 0.179 0.209 0.127 0.157 Not Supported
H4 QC→ PU 0.252 * 0.249 0.100 0.012 Supported

H5 QO→ PEU 0.644 *** 0.661 0.079 0.000 Supported
H6 PEU→ PU 0.500 *** 0.511 0.104 0.000 Supported
H7 PU→ ATU 0.054 0.061 0.108 0.613 Not Supported

H8 PEU→ ATU 0.655 *** 0.636 0.147 0.000 Supported
H9 QF→ QC 0.618 *** 0.628 0.076 0.000 Supported

H10 QC→ QO 0.352 ** 0.357 0.103 0.001 Supported
H11 QF→ QO 0.532 *** 0.534 0.093 0.000 Supported

Note: * Significance codes: 0.05; ** Significance codes: 0.01; *** Significance codes: 0.001.

Despite the p-value for H7 being within the 0.1 threshold, as indicated in Table 7, it
was considered acceptable and was kept in the model, as it was an essential construct of the
original Technology Acceptance Model (TAM) and played a crucial role in the development
of educational intervention tools.

Figure 5 visually presents the full TAM-extended model results. The results show the
interplay between different aspects of the quality of the micro-modules and their indirect
effects on the students’ attitudes towards using the flipped micro-modules. Furthermore,
the quality of the micro-module contents affected both PU and PEU of the flipped micro-
modules. This highlights the importance of developing high-quality micro-module content
for effective use in flipped micro-modules.

The modelling results revealed positive and statistically significant correlations be-
tween QC and QO, QF and OC, and OF and QC. This indicates that when the framework
of the micro-modules was of high quality (QC), it had a positive effect on the quality of the
content (QC) and the quality of operation (QO). In addition, the results revealed another
significant relationship: the QO significantly influenced the ATU (attitude towards using)
via the PEU (perceived ease of use). This indicates that the quality of operation, such
as the simplicity of navigating the micro-modules, gaining access to the materials, and
interacting with the online forums, had a direct impact on the students’ perceptions of
the micro-modules’ usability. The students’ attitudes towards using micro-modules as a
learning resource were positively affected when they were simple to access and navigate.
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3.2. Comparison of the Survey Results between Undergraduate and Postgraduate Students

Figure 6 shows the perception comparison between the undergraduate and post-
graduate students from the two engineering management courses. The rating between
undergraduate and postgraduate students on the six constructs of micro-modules, PU,
PEU, QC, QO, QF, and ATU, ranged from 5 to 6 (out of 7 on the Likert scale). This indi-
cates that the students agreed that the micro-modules performed well in terms of their
framework, content, and operation. Furthermore, the students perceived the flipped micro-
modules as useful and relatively simple to use, and showed a positive attitude towards
technology utilization.
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modules. Note: Likert scale 1–7, with 1 as the lowest and 7 as the highest level.

Compared to the postgraduate students, the undergraduate students indicated a
higher level of agreement on the measurement items for every construct. This means that
the undergraduate students showed a higher level of acceptance of the flipped micro-
modules. Additionally, the variation trends through the six constructs were of high homo-
geneity between the undergraduate and postgraduate students. Overall, the QC received
the highest rating, followed by the PEU, QF, QO, and PU. The ATU received the lowest
rating among all the students.
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3.3. Comparison of the Survey Results between Students with and without Previous Experience of
Using Micro-Modules

Figure 7 shows the perception comparison between students with and without previ-
ous experience of using micro-modules. First, nearly half of the students (46 out of 101)
declared that they had previous experience using micro-modules. These 46 students may
have attended another course taught by the same instructor (the first author), who also
implemented micro-modules in that course. However, the design of the micro-modules
used in the other course was much simpler. The students were asked to view a video
before class, and no additional activities were implemented. This explains why the students
with previous experience using micro-modules provided slightly lower ratings compared
with those who had not used micro-modules before. It is also possible that some of these
students may have also participated in micromodule-related learning activities elsewhere.
Second, in general, the students with previous experience using micro-modules exhibited
higher ratings on all the PU, PEU, QC, QO, and ATU assessments. Thirdly, the students
with previous experience rated QO significantly higher than those who had never used
micro-modules. This indicates that the students with previous experience were better able
to access the learning materials, view videos, and participate in the online activities (quiz,
online forum). According to the ratings on the ATU, the students with previous experience
also indicated a greater intent to utilise the micro-modules in the future. This comparison
is meaningful, suggesting that once a student has used micro-modules in the past, he
or she tends to have a more favourable perception of their quality and a higher level of
acceptability. Thus, strengthening the applicability of micro-modules contributes to the
promotion of their use.
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3.4. Qualitative Findings of the Survey

An open-end question was asked at the end of the questionnaire survey: “Please
share with us your comments regarding your learning experience with the flipped micro-
modules”. Approximately 95% of the respondents provided answers to the question.
Excluding invalid answers such as “N/A”, “No comment”, and answers expressing a gen-
eral attitude, such as “good”, “very good”, and “I like the micro-modules”, the responses
containing specific information were extracted and summarized in the following table
(Table 8).
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Table 8. Coding results regarding the students’ comments on the flipped micro-modules.

Quality of the
Micro-Modules Framework Content Operation

Representative keywords
extracted from the responses

“The micro modules are
supplementary to the lectures
in terms of the structure”

“Easier to memorize
(the content)”

“Provide more flexibility for
students to learn”

“Self-direct study mode
is structured” “Easier to understand” “Using process is flexible”

“I see good connections
between micro-modules
and lectures”

“. . . provide a clear way to
learn the concept”

“Insufficient guidelines on
what to do”

“pre-viewing and
post-viewing activities
are useful”

“The micro-modules
enhanced my understanding”

“Need some time to adapt to
the new method”

“They make learning more
convenient and effective”

“They are interesting and
very attractive” “The process of using the

micro-modules is a
bit complicated”“Pace and duration of the

videos are appropriate”

The key responses were categorized in Table 6 based on the three aspects of the flipped
micro-module quality: framework, content, and operation. Comments on the framework
and contents of the flipped micro-modules were overall positive, while there were some
comments that suggested insufficiencies of the operation of the flipped micro-modules,
such as “the micro-modules don’t provide sufficient guidelines on what to do”. The
qualitative findings echoed the survey findings, in that the perception of the QO was rated
the lowest among the three aspects (see Figure 6).

4. Discussion

The quantitative and qualitative analyses in this study provide three aspects of im-
plications for the development of flipped micro-modules in the context of sustainable
engineering education.

4.1. Systematic Framework for Developing Sustainable Engineering Practices Micro-Modules

This study proposed three aspects to measure the quality of flipped micro-modules:
QF, QC, and QO. They were proven to be valid in measuring the overall quality of flipped
micro-modules (shown in Table 3). The inter-relationships among the three quality aspects
were reflected in the structural model (Table 5).

The modelling results showed that the quality of the framework (QF) of the flipped
micro-modules was the most important quality aspect, as it had a significant impact on
both the quality of the content of the flipped micro-modules (QC) and the quality of the
operation of the flipped micro-modules (QO). This suggests that a systematic framework is
necessary for guiding the development of the micro-modules. By having a well-structured
framework in place, the development of flipped micro-module materials could be guided
toward meeting specific goals or objectives related to sustainable engineering.

The results also showed that the QF and QC of the micro-modules had a significant
impact on the QO, and the QO was found to be the mediator between QF/QC and PEU
(Figure 5). This implies that even with a well-structured framework and well-designed
content, an operation protocol or system is important, as it enables students to access the
micro-modules and use them smoothly. In other words, a user-friendly platform is critical
for enhancing students’ perceptions of the overall quality of flipped micro-modules.
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4.2. The Mediating Effect of Perceived Ease of Use and Perceived Usefulness

This study originally proposed that the QC, QF, and QO have direct and significant
impacts on the ATU. However, these three hypotheses were not supported. This means
that the students’ attitudes were unlikely to be directly affected by any single aspect of
the flipped micro-modules. Their perceptions regarding the quality of the flipped micro-
modules were proved to be closely related to their perception of whether the flipped
micro-modules were useful and relevant to their learning, and the usefulness and content
relevance could be affected by all three aspects of the micro-modules’ quality.

Furthermore, H7 was not supported based on the modelling results. The perceived
usefulness (PU) did not have a significant impact on the students’ attitudes towards using
the flipped micro-modules (ATU). This could have been due to various reasons, such as
the students’ prior experiences with using similar education materials, their motivation for
learning, or the overall context in which the micro-modules were used. In addition, the re-
sults of this study highlight the importance of considering multiple factors when evaluating
the effectiveness of flipped micro-modules and understanding students’ attitudes toward
using them. While the PU is often considered an important factor in determining the suc-
cess of education materials, it is not the only factor that influences students’ ATU. Further
research may be necessary to better understand the complex interplay between the factors
that contribute to students’ attitudes toward using these types of educational materials.

The mediating roles of the PEU and PU imply that the students’ perceptions of the
quality of the micro-modules (QC, QF, and QO) influenced their perceived ease of use
and usefulness, which, in turn, affected their attitudes towards using the micro-modules
(ATU). In other words, the students’ perception of how well-designed, organized, and
easy to navigate the micro-modules were, as well as their perception of the relevance and
benefit of the content presented, shaped their overall attitude towards engaging with the
micro-modules as an effective learning tool. While mediating roles of the PEU and PU have
been commonly studied in technology acceptance research [36–38], this study highlights
their importance in the field of higher education, specifically in the context of flipped
micro-modules for sustainable engineering practices. Understanding the mediating effects
of PEU and PU can provide valuable insights for educators and instructional designers
to optimize the design and delivery of the micro-modules to enhance students’ learning
experiences and acceptance of this innovative pedagogical approach.

4.3. Future Development of Flipped Micro-Modules to Support Sustainable Engineering
Practice Education

The use of micro-modules in flipped classroom learning is not a new learning approach,
but developing micro-modules to deliver practical knowledge of sustainable engineering
is still considered to be innovative. In the traditional flipped classroom, instructors typ-
ically record lectures or instructional videos covering theoretical content, and students
are expected to watch these videos before coming to class [39]. In this study, instead of
lengthy pre-recorded lectures, micro-modules were introduced. These micro-modules were
bite-sized, self-contained units of content that were focused on specific sub-topics related
to sustainable engineering practices. The micro-modules consisted of animated videos and
quizzes used to present the content in an engaging and interactive manner. Additionally,
online forums were organised as part of the micro-modules. The students also accessed
online forums to foster discussions and interactions related to the micro-module topics.

Given the increasing demand for sustainable solutions and the need to address press-
ing environmental and social issues, it is important to continually assess and improve
sustainable engineering education to ensure that students are equipped with the practical
skills and knowledge they need to succeed in their careers. In accordance with the study’s
objective of preparing students for future sustainability challenges, the micro-modules in
this research were designed to explicitly address sustainable engineering practices. Using
a meta-analysis methodology, Lo and Hew [40] investigated the effect of flipped class-
rooms on student achievement in engineering education. On the basis of a sample size of
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2590 students, they discovered that self-paced learning and more problem-solving activities
were the two most frequently reported advantages that promoted student learning. This
study effectively echoes these two crucial perspectives. Sustainable engineering practices
were chosen to be reinforced using a pedagogical method that allowed students to learn
at their own pace, namely the flipped classroom method, in order to foster the students’
problem-solving skills.

This study has significant potential for the future development of flipped micro-
modules for supporting sustainable engineering practice education. First, the flipped
micro-modules can be integrated with other resources, such as online simulations or
VR technologies, to provide a more comprehensive and immersive learning experience,
together with chances for hands-on practice. Second, the flipped micro-modules can be
expanded to cover a wider range of sustainable engineering practices, such as renewable
energy systems, sustainable transportation, and sustainable building design. Third, the
flipped micro-modules can be developed to personalize the learning experience for each
student. With the help of artificial intelligence and machine learning algorithms, it can
better fit students’ prior knowledge and learning preferences. Lastly, the flipped micro-
modules can be designed to provide students with ongoing assessment and feedback to help
themselves and their teachers to track their progress and identify areas for improvement.
This is also supported by Yelamarthi and Drake’s [25] research conclusion that flipped
learning pedagogy can help teachers to better understand their students’ learning progress.
By continually improving the flipped micro-modules, it is possible to create a more effective
and engaging learning experience.

5. Conclusions

This study developed a new intervention method in the form of flipped micro-modules
and evaluated its effectiveness using a TAM-extended model, aiming to address the insuf-
ficiency of current engineering education in assisting students in mastering the practical
knowledge required for sustainable engineering practices. The results of the study indi-
cated that the flipped micro-modules are effective for sustainable engineering practice
education. This study also identified areas for future development, such as integrating
the flipped micro-modules with other learning resources, expanding their coverage to
other sustainable engineering topics, and providing ongoing assessment and feedback
to students.

The limitations of this study lie in, firstly, the sample size, which might be too small
to generalize the findings to a larger population and may limit the representativeness of
the results and conclusions. Second, the study lacked a control group, which could have
allowed for a more rigorous comparison between the flipped micro-modules versus the
traditional teaching method. To address these two limitations, future studies need to be
conducted to measure the long-term impact of the flipped micro-modules on students’
sustainable engineering practices using a larger sample size.
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Appendix A. Questions in the Survey Questionnaire

Categories Questions

Perceived usefulness

Q1: The micro-modules enhance my practical knowledge in the engineering management
Q2: The micro-modules make it easier for me to learn knowledge from the practical world
Q3: I can easily remember the knowledge after viewing the animated videos
Q4: The micro-modules support the in-classroom teaching
Q5: The micro-modules are useful for delivering practical engineering management knowledge

Perceived ease of use

Q6: There was no problem for me to access the micro-modules and view the animated videos
Q7: It is easy for me to figure out the way to learn knowledge through the micro-modules
Q8: Learning how to operate the micro-modules (e.g., playing the animated videos) is easy for me
Q9: I can conduct individual learning using micro-modules at my own pace
Q10: It would be easy for me to become skilled at using micro-modules to learn knowledge

Quality of the content of the
micro-modules

Q11: The visual contents in the animated videos are well presented
Q12: The knowledge is well structured and explained in the animated videos
Q13: The voice-over explanation/narration in the animated videos is easy to understand
Q14: The animated videos demonstrate useful knowledge—the knowledge is relevant to the
lecture topics and can connect students with the practical world
Q15: The storytelling of the animated videos is logical and easy to follow

Quality of operation of the
micro-modules

Q16: Blackboard is a suitable platform for hosting the micro-modules
Q17: The animated videos are fast to be loaded online
Q18: The instructional information on the micro-modules is clear
Q19: The micro-modules provide mobility for me to learn knowledge

Quality of the micro-module
framework

Q20: The micro-modules complement the lecture notes
Q21: I can well examine my learning process through the micro-modules
Q22: The framework/structure of each micro-module is logical
Q23: Each micro-module embraces a clear topic
Q24: Each micro-module presents a cohesive and systematic framework

Intention to use

Q25: I will choose to learn with micro-modules to supplement my in-class learning activities
Q26: If a course has equipped with micro-modules, I will seek opportunities to access
micro-modules for learning knowledge
Q27: I hope other courses can also use micro-modules to support learning and teaching activities
Q28: I will definitely participate in micro-modules for knowledge learning If I am given a chance
Q29: I plan to participate in micro-modules for learning knowledge in the future

Demographical Characteristics

Q30: Gender
Q31: Study Mode
Q32: Year of Study
Q33: Have you ever participated in learning activities in the form of micro-modules before?

Open-ended Question Q34: Share with us your comments regarding learning with micro-modules
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