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Abstract

Following COVID-19, the global educational landscape shifted dramatically. Al-
most every educational institute in Bangladesh undertook a strategic move to begin
offering online or blended learning courses to mitigate the challenges created by the
pandemic. The TVET sector, particularly the polytechnic institute of Bangladesh,
endeavored to explore the blended learning approach as an immediate and long-
term solution to address the educational dislocation caused by the pandemic. This
study attempts to conceptualize a pedagogical design based on the ADDIE and rap-
id prototyping model to make a reliable and robust instructional design to be used
in the blended learning context. A content validity index (CVI) was used to vali-
date the proposed model; a technology acceptance model (TAM) was employed to
examine its acceptability to students; and finally, students’ academic performances
were analysed to evaluate the overall performance of the proposed instructional de-
sign. The findings reveal that the proposed instructional design can be a reliable and
valid pedagogical approach to be implemented in the blended learning context for
polytechnic students. The proposed instructional design may help TVET educators
and course designers to create a robust blended learning environment in the TVET
sector and in other similar disciplines, such as science and engineering education.
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1 Introduction

The delivery of learning is rapidly evolving with the advent of modern technologies.
Researchers are continually exploring different ways and methods to create effective
online environments for students (Al Mamun et al., 2020; Al Mamun, Hossain, et
al., 2022; Lawrie et al., 2016). The recent outburst of COVID-19 further accelerated
the adaptation of online learning among educators to address the immediate educa-
tional challenges caused by the pandemic. In response, the technical and vocational
education and training (TVET) sector in Bangladesh is trying to meet these educa-
tional challenges by shifting the course delivery from face-to-face to distance learn-
ing mode. However, the report suggests that, in general, the educational institutions
of Bangladesh and, in particular, the TVET course designers are facing multifaceted
problems in shifting traditional learning to the online environment (Uzzaman et al.,
2020). For example, weaknesses are prevalent in the following areas: infrastructure,
a lack of modern technologies and low internet speed (Al-Amin et al., 2021), poor
preparation of teacher training in pedagogical knowledge and technology use (Rony
& Awal, 2019), of teachers awareness of the potential use of technology and poor
technical competency (Saidu & Al Mamun, 2022), and student readiness and motiva-
tion towards online learning (Al Mamun, Hossain, et al., 2022; Jahan et al., 2021),
etc. are key factors obstructing the effective implementation of online education in
Bangladesh.

Educators and course designers of the polytechnic institutes of Bangladesh are
facing even more difficulties in implementing the online learning environment as
research has shown that it was far more difficult for technical subjects to be deliv-
ered online as some of the topics require hands-on activities and special training to
master the skills (Kamal, 2020). In addition, students studying in the polytechnic
institutes of Bangladesh usually have low socioeconomic status (Khan, 2019) and,
thus, lack modern digital devices and high-speed internet connections in their house-
holds (Das, 2021). Also, effective and immediate personal feedback, which is readily
available in face-to-face classroom situations, cannot be offered in the online mode
effectively. Despite decades of research, online learning lacks the development of
such a pedagogical method that integrates a quick and effective feedback mecha-
nism system within the online learning environment (Li et al., 2019). Nonetheless,
several research studies have attempted to provide synchronous feedback to students
in online and self-regulated learning environments (Al Mamun, 2018; Al Mamun et
al., 2020; Al Mamun et al., 2022; Timonen & Ruokamo 2021). However, other stud-
ies show that fully online learning delivery may have an unsatisfactory impact on
academic achievement due to the absence of direct teacher supervision (Adedoyin &
Soykan, 2020). Thus, standalone online learning may not fully meet students’ learn-
ing needs.

Previous research argues that blended learning (BL) can improve educational
approaches to support effective student learning (Kang & Seomun, 2018). Blended
learning is a pedagogical approach that offers students experience in both face-to-
face and online educational learning modes. This approach allows students to learn
anytime, anywhere, and can potentially minimize all the drawbacks of online and
traditional learning systems coherently (Carman, 2002). The blended classrooms
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encourage more active classroom learning by promoting self-confidence and aca-
demic success by increasing students’ behavioral, emotional, and intellectual par-
ticipation in the learning process (Wang et al., 2009). For example, the flipped
classroom, which is a popular form of BL, engages students more actively in solving
complicated tasks and helps students to develop higher-order thinking skills in dif-
ferent disciplines such as engineering and medical science (Al Mamun, Azad, et al.,
2022; M. K. Lee, 2018; Tang et al., 2022). Thus, the BL approach can offer a practical
solution to the polytechnic institutes of Bangladesh in minimizing the educational
challenges caused by the pandemic.

Although several studies used the ADDIE model and rapid prototyping individu-
ally to create online instructional designs (Dong, 2021) and blended learning mod-
ules (Chen, 2016; Islam et al., 2022; Stapa & Mohammad, 2019), the combination
of the two to develop instructional designs for the blended learning environments
is non-existent. Particularly in the Bangladesh TEVT context, there is a dearth of
research that may give educators a thorough guideline for creating a BL environment
that is both rigorous and time-efficient. Thus, this study endeavors to address this gap
and develops a BL framework for the TVET educators and course designers to imple-
ment in the polytechnic institutes of Bangladesh. The following research questions
were posed to meet this end:

RQ1: Is the proposed instructional design reliable and valid for the BL environ-
ment of the polytechnic institutes of Bangladesh?

RQ2: To what extent do the polytechnic students of Bangladesh accept the pro-
posed instructional design?

RQ3: Is the proposed instructional design effective in improving students’ aca-
demic performances?

2 Blended learning: the context of polytechnic institutes in
Bangladesh

Blended learning is defined as the coexistence of face-to-face and online learning,
where a significant portion of the content is delivered online (Means et al., 2013;
Marsh & Drexler, 2001) explained BL as a self-paced but teacher-led, online, and
face-to-face classroom delivery system to achieve a flexible and cost-effective edu-
cation to cater to individual learning approaches. BL combines several modes of
instruction, i.e., live online classrooms, face-to-face classrooms, and self-paced
learning (Singh, 2003). A designer can create a course from scratch or add extra
online activities to a traditional learning setup in this method of learning (Alammary
et al., 2014). The effectiveness of BL depends on its design approach, such as how
the course is structurally organized and how every aspect of the learning objectives is
aligned with the delivery method. The instructors can integrate various instructional
components, e.g., lectures, discussions, and different synchronous and asynchronous
learning activities, to deliver an effective learning environment.

@ Springer



7604 Education and Information Technologies (2023) 28:7601-7630

Though online learning is not a new concept in Bangladesh, there is little or no
research available that offers a comprehensive BL environment in the context of tech-
nical and vocational education and training (TVET), especially for polytechnic stu-
dents. In fact, designing a suitable BL environment is found to be a complicated task
in the TVET context of Bangladesh (Raihan & Han, 2013). Several studies identified
key factors that hinder the effective implementation of educational technology in the
polytechnic institutes of Bangladesh (Al Mamun, 2012; Al Mamun & Tapan, 2009;
M. S. H. Khan et al., 2012). For example, Hossain & Ahmed (2013) reported that
due to a shortage of trained resource personnel and the absence of a positive mindset
toward technology, the intensity of technology use in educational institutions is frag-
ile and backdated. According to research, the use of technology in the polytechnic
institutions of Bangladesh has been limited due to a lack of pedagogical knowledge,
technological incompetency, shortage of training, and the absence of modern tech-
nology (Al Mamun, 2012). Often instructors fail to integrate technology into their
lessons as a result of a huge teaching load (Chowdhury, 2018). Thus, teachers have
been unable to find the necessary time to redesign the course components in light of
technological advancements (Mndzebele, 2013). Moreover, polytechnic institutes of
Bangladesh often struggle with inadequate financial support for developing the ICT
infrastructure, which results in insufficient computers, labs, libraries, and modern
classroom facilities (Raihan & Shamim, 2008). Thus, these issues have become the
key impediments for policymakers and educators in developing and implementing an
effective BL environment for the polytechnic institutes of Bangladesh.

Technical and vocational education and training (TVET) curricula, specifically at
the polytechnic level, are often meant to educate learners for direct entrance into a
specific career or trade. Curriculum and instructional designers for online learning
need to ensure that polytechnic students will have the same opportunity to achieve
those sets of skills and training as they might in the traditional learning environment.
However, creating an online environment as per the requirements of the TVET quali-
fication framework while offering carefully designed tasks and activities to develop
the desired skill sets in that mode is a formidable task. Though the concept of BL is
exciting for some, it is still a daunting task to implement. Nonetheless, the pandemic
has compelled polytechnic institutes of Bangladesh to search for a quick, immediate
solution to continue the education provisions without any interruption.

This study attempts to customize the popular analysis, design, development, imple-
mentation, and evaluation (ADDIE) model to build an instructional prototype in the
BL environment. As ADDIE has its limitations, e.g., it requires adequate funding and
a longer timeframe to implement, this study integrates the concept of rapid proto-
typing (RP) with the ADDIE approach to design an instructional design for the BL
environment (Dong, 2021). However, RP has its drawbacks too. It has a propensity
to promote informal design that is not fully formed. Thus, a potential design might be
adopted uncritically in the hands of irresponsible or harried designers. Therefore, to
achieve a plausible, functional instructional design, this study integrates the concept
of ADDIE with rapid prototyping (RP). This approach potentially cancels out the
shortcomings of each model.
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3 Review of ADDIE and RAPID prototyping model

The ADDIE model has become influential since its inception at Florida State Uni-
versity in 1975 (Branson et al., 1975). It is an iterative instructional design method
in which the instructional designer may return to any previous step based on the
formative evaluation undertaken during the process (Aldoobie, 2015; Kulvietiene &
Sileikiene, 2006). This process-based model enables instructional designers, content
developers, and even teachers to produce efficient and effective teaching practices.
The ADDIE model consists of five phases: analysis, design, development, implemen-
tation, and evaluation (see Fig. 1a). In this approach, the result of one phase serves as
the starting point for the next one (Aldoobie, 2015).

The analysis phase in the ADDIE model defines, identifies, and determines the
feasible solutions to a problem (Kulvietiene & Sileikiene, 2006). The design phase
is primarily concerned with implementing the directives that the designer received
from the analysis phase. Additionally, throughout the design phase, the instructional
designer concentrates on choosing a course format and designing an appropriate
instructional approach and assessment technique for the subject (Aldoobie, 2015).
Based on the design phase, the development phase aggregates all the separate pieces
to create a complete working prototype ready for implementation. Often, instruc-
tional designers argue that the components envisioned in the design phase must
“come to life” in the development phase (Onguko et al., 2013). The implementation
phase is concerned with transacting a plan; it entails three primary steps: training,
preparing learners, and structuring the learning environment. Evaluation is the final
step of the ADDIE model. The evaluation phase checks each step of the instructional
design to ensure that they are aligned with the program’s intended goals. Two types
of evaluation need to be undertaken in the ADDIE model. The first one is a formative
evaluation, which can be undertaken after completing each phase. The second one is
the summative evaluation which assesses the actual value of the whole instructional
design at the end of the program.

However, the ADDIE approach has a few downsides to creating a quick and effec-
tive instructional design. An inherent problem with the ADDIE methodology is that
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Fig. 1 Instructional design of (a) ADDIE model adapted from Kulvietiene & Sileikiene (2006), and (b)
Rapid Prototyping (RP) adapted from Meier and Miller (2016)
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each step is a resource-intensive procedure, requires a longer time for content design
and development, and is sometimes expensive (Dong, 2021). Attempting to adhere
to all phases of ADDIE during a pandemic is a difficult task for teachers who want a
quick instructional design for the effective delivery of the courses.

In contrast, rapid prototyping (RP) requires less design time, faster implemen-
tation, less cost, and the benefits of more frequent evaluations over the ADDIE
approach (Jones & Richey, 2000). Researching is the first stage of the RP model,
which is similar to the ADDIE model’s analysis phase (Dong, 2021). In the second
stage, designers experiment with the system, identify potential problems, and con-
tribute to selecting a suitable interface for designing the online environment (Miller,
2008) through regular assessments and evidence-based design adjustments (Meier &
Miller, 2018). Additionally, Dick et al., (2009) suggest that RP can be implemented
through concurrent design and development, which means that most of the analysis
work is done concurrently with the production of the initial draft of the design materi-
als. Thus, RP techniques usually minimize production time because they (a) reduce
the implementation time by utilizing the working prototypes as the final product and
(b) offer continuous modification of the working prototypes. Finally, the summative
and formative evaluation of the prototype is undertaken to ensure the viability of the
model.

4 Instructional design with ADDIE model and RAPID prototyping

In the middle of a pandemic, a course designer needs the quick development of a
trustworthy and robust model. Thus, combining ADDIE with rapid prototyping may
be used to develop a personalized instructional design that can be communicated,
implemented, measured, evaluated, and modified to fine-tune the model for the BL
context. In this study, to reduce the design time and make a robust prototype, some
features of the RP approach have been integrated with the ADDIE approach. In this
process, the review phase has been introduced between the design and development
phases of the prototype (Fig. 2). It offers a continuous review process that will accen-
tuate the pace of development for the prototype design and development. Thus, the

’ Phase 1

Evaluation

Fig. 2 Proposed instructional design and development process for the blended learning context
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design and development of this prototype occur concurrently (Dong, 2021). The
following is the modified version of an instructional design prototype based on the
ADDIE and RP approaches.

In the first phase, designers are engaged with the analysis process to determine
the course objectives, contents, instructional strategy, and learners’ background to
formulate the conceptual structure of the instructional strategy. The designer must be
aware of the types of virtual and social settings that are necessary to assist students
in achieving their learning objectives. There is widespread agreement that the most
effective techniques for course design begin with a precise definition of course objec-
tives before developing course activities, assignments, and evaluations (McGee &
Reis, 2012). Course objectives are especially crucial for blended courses since they
may guide material development, mode of delivery (face-to-face class or online), and
developing related instructional strategies.

In the second phase, designing the instructional prototype and its development
takes place. In designing the prototype, three key design components are consid-
ered, i.e., the learning activities, assessment procedures, and instructional design.
The learning activities and elements of instructional strategies are identified, and the
criteria for assessing and evaluating students’ performance are formulated to begin
the prototype design. In designing the prototype, the designers and students review
the design elements continually. This is a concurrent process where the designer is
allowed to work parallel with many design segments while the end-user (students)
reviews the prototype that has been forwarded to them.

The next step is to develop the instructional prototype in the second phase. The
development of the prototype consists of creating learning materials, tutorials, and
student activities. Class activities, assessments, assignments, lectures, discussion
forums, etc., must be already prepared at this stage. In this stage, the designer must
deal with the steps to deliver instructions to the user. The concept of rapid proto-
typing has been employed in the design and development phase. That means stu-
dents will have the opportunity to review the prototype even before it is completed.
After developing each segment of the prototype, it was forwarded to the reviewer
and the students for their views and suggestions. In fact, the opportunity to engage
the students in the RP approach significantly improves the evaluation of prototypes
alongside the reviewers’ feedback and can be readily used to update the instructional
design (Jones & Richey, 2000).

The final phase is the implementation stage, where the plan is converted to action.
This phase involves three significant tasks, e.g., training the tutor, making students
ready, and structuring and deploying the learning environment. In this phase, the
course designer must incorporate training sessions to use all the tools integrated into
the prototype. The teacher needs to make sure the learners are well-trained to use
the prototype and that the learning environment is well-structured and user-friendly.
Poon (2013) suggests integrating weekly discussions, teacher feedback, practice ses-
sions, face-to-face meetings, etc., into the course delivery to ensure the quality of
learning. Students are found to be motivated to engage with the activities and be
responsible for the learning when such activities are integrated within the learning
environment (McGee & Reis, 2012). It is to be noted that the students, reviewers,

@ Springer



7608 Education and Information Technologies (2023) 28:7601-7630

and even the other fellow designers can continually evaluate the prototype and give
feedback on the course contents.

5 Implementation of the proposed model in the BL context

The proposed model was used to prepare a BL environment for a diploma engineer-
ing course titled 67,911 : Internal Combustion (IC) Engine Principal, which is offered
in the first semester of the Diploma in Marine Technology program. The details of
the course curriculum and the required learning materials are available on the website
of the Bangladesh Technical Education Board (BTEB) (BTEB, 2016). The BTEB
designed the curriculum for face-to-face delivery. The current study restructured the
course curriculum in such a way that forty-five per cent (45%) of the content was
delivered online and 55% through the face-to-face classroom. For the online part of
the course delivery, Google classroom was used. Google Classroom is a freely avail-
able learning management system for anyone with a Google account. Google class-
room is found to be a simple student-friendly platform for delivering and managing
online classrooms (Saidu & Al Mamun, 2022). However, Google classroom does not
have any group discussion feature; thus, a separate online discussion forum, i.e., a
Facebook group, was created for this class. Table 1 shows the implementation of the
proposed model in the BL context.

6 Methods
6.1 Context and participants

The proposed instructional design was implemented with the /C Engine Principle
course offered in the first year at the two TVET institutions of Bangladesh, i.e., Farid-
pur and Munshiganj institutes of marine technology. There were three groups of par-
ticipants (Table 2) whose reviews and opinions were elicited at different levels to
validate the instructional design and examine its acceptance and usability.

Throughout the design and development phase, one instructor and one student
from each of the polytechnic institutes were involved in reviewing and giving their
feedback on the contents employed by the proposed instructional design prototype
(Table 2). A reflective journal form was used to obtain feedback from both the instruc-
tors and students. Their reviews were considered highly important for further rectifi-
cation of the course designs. Further, to validate the content, six experts were asked
to provide their opinion on the course contents. Their specialization was mechani-
cal, electrical, and computer science engineering, with the research, focus on educa-
tional technology. They all have about 5 years of experience doing research related to
teaching-learning in an online context. Finally, 81 students who participated in the /IC
Engine Principle course voluntarily gave their opinions through a survey question-
naire. The survey was designed based on the technology acceptance model (TAM) to
examine the acceptance and usability of the proposed instructional design.
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6.2 Model validation, acceptance, and effectiveness

Effective instructional design has three key phases —development, validation, and
usability (J. Lee et al., 2017). The details of the instructional design and development
phases have been discussed in the above sections with supporting theoretical and
background information (see Sects. 2, 3, and 4). The following sections discuss the
methodology of model validation, acceptance, and usability, i.e., model effectiveness.

6.2.1 Validation of the contents

To answer RQ1, two sources of data have been utilized in validating the proposed
instructional model and its content. First, a reflective journal opinion form (Chitpin,
2006; Cooper & Stevens, 2006) was devised to record the review generated by the
reviewers (i.e., two instructors and two students) (Appendix, Table A). It is a potent
technique that can help to develop a better and more organized instructional strat-
egy. This reflective journal approach appears to be beneficial in allowing students
to reflect on their learning as well as the effectiveness of the instructional method
(Cooper & Stevens, 2006). Thorpe (2004) found a wide range of reflections from the
reviewers while using this approach. These reviews lead to a more thorough under-
standing of the instructional technique and help to fine-tune it.

Second, the content validation index (CVI) has been used to validate the content
of the proposed instructional design (Appendix, Table B). The content Validity Index
(CVI) is the most frequently used quantitative measure for determining the validity
of the contents of any given course material (Rodrigues et al., 2017). Content validity
is a critical early step in enhancing the construct validity of an instrument (Yusoff,
2019). Content validation determines whether the items included in the course design
accurately represent all the domains of learning. As a result, content validity works as
the primary indicator of how well content is developed (Waltz et al., 2016). Research
shows that good content validity implies that the materials are well-developed fol-
lowing current evidence and best practices (Yusoff, 2019). This study formulated the
CVI scale based on the methods from several published articles (J. Lee et al., 2017,
Polit et al., 2007; Waltz et al., 2016).

The data derived from the content validity index (CVI) scale has been analysed
to measure whether the experts agree on the content’s suitability for the blended
learning context. In the CVI scale, the TVET experts analysed the appropriateness of
the content on four different dimensions, i.c., content reliability, comprehensibility,
user-friendliness, and the generality of the instructional design (Banyen et al., 2016;
Hoffman, 2013; J. Lee et al., 2017). A 4-point rating scale on a continuum from not
clear (1) to very clear (4) has been utilized to collect the expert opinion on 14 differ-
ent items about the contents (Appendix, Table B).

6.2.2 Acceptance and usability of the instructional design
To answer the RQ2, this study used the technology acceptance model (TAM) to

examine its acceptance and usability by the end-users, i.e., students. TAM has been
widely utilized in studies on the acceptance of new technologies by users (Davis,
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Table 2 Participants and types of validation

Validation types ~ Validation  Validation Instrument N  Role Expertise Relevant
time domain experiences

Content Continuous Reflective journal 4 Instruc- Mechanical 2 years
Validation opinion form tors=2 engineering

Stu-

dents=2
Content End of each Content Validation 6  Faculty Engineering/ 5 Years
Validation lesson Index (CVI) Educational

technology

Acceptance and  End of the  Technology Accep- 81  Students
usability course tance Model (TAM)

1985). The primary goal of the TAM model is to give insight into users’ views about
new technology adoption. The original TAM proposed four key areas to evaluate, i.¢.,
perceived usefulness, perceived ease of use, behavioral intention to use, and actual
use (Davis, 1989).

Perceived usefulness (PU) is defined as the extent to which an individual feels that
utilizing a certain technology would improve his or her work performance (Alshuri-
deh et al., 2019). Several empirical investigations have shown that PU is the most
important factor in deciding whether or not to use a particular technology (Tan et al.,
2012; Tarhini et al., 2017). Students usually adopt a new technology system when
they believe that its use will improve their learning performance (Davis, 1985).

Perceived ease of use (PEU) of a system refers to the degree to which an indi-
vidual believes that utilizing a certain technology is simple and has no difficulties
involved (Davis, 1989). In an online learning context, Lin et al. (2011) defined
PEOU as the degree to which users perceive that utilizing an e-learning system will
be effortless. Previous studies have shown that the perceived ease of use has a major
impact on the perceived usefulness of a product (Binyamin et al., 2019; Zogheib et
al., 2015). Hence, the authors hypothesize that the students’ perceived ease of use of
the proposed instructional model influences the perceived usefulness of the proposed
instructional model in the blended learning context.

H]I: Perceived ease of use (PEU) has a positive influence on perceived useful-
ness (PU)

PU has been shown to have a substantial effect on behavioral intentions (BI) toward
e-learning adoption (Ritter, 2017; Teo, 2012; G. K. W. Wong, 2015; Zogheib et al.,
2015). There is a substantial positive link between perceived usefulness (PU) and
behavioral intention to utilize the e-learning system (Mahmodi, 2017). Thus, the fol-
lowing hypothesis has been formulated:

H?2. Perceived usefulness (PU) has a positive influence on the Behavioural
intention (BI) to use the proposed instructional design

Behavioral intention is a cognitive process of a person’s readiness to undertake a par-

ticular activity and is a direct precursor of usage behavior. Behavioral intention (BI)
refers to the intention of learners to utilize e-learning systems, which often includes
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a long-term commitment (Liao & Lu, 2008). Research shows that PEU is positively
associated with behavioral intention to employ it, both directly and indirectly (Sand-
jojo & Wahyuningrum, 2016). Therefore, it is hypothesized that:

H3. Perceived ease of use (PEU) has a positive influence on the Behavioural
intention (BI) to use the proposed instructional design

Research has also demonstrated that the behavioral intention of an e-learning system
directly and considerably determines the actual usage of the new technology system
(Mou et al., 2016). We, therefore, hypothesized that students’ behavioral intention to
use the proposed instructional design prototype impacts their actual use of it in the
blended learning context.

H4: Behavioural intention of use (BI) has a positive influence on the actual use
(AU) of the proposed instructional design

Based on the TAM literature, we have formulated a 12 items survey to examine the
acceptance and usability of the proposed instructional model (Fig. 3). Altogether, 7
items have been adopted from Al-Maroof and Al-Emran (2018) and Mailizar et al.,
(2021). Finally, five items were newly created to develop the 12 items survey instru-
ment (Appendix, Table C).

Partial least squares (PLS) based structural equation modelling (SEM) was uti-
lized to analyze the data gathered from the TAM model for evaluating the students’
acceptance of the proposed instructional model. Data from the TAM model helped
to re-examine the underlying variables that contribute to students’ adoption of the
new instructional design. Confirmatory factor analysis (CFA) was used to validate
the construct of each dimension of the TAM model. CFA is a theory-driven approach
to determine whether or not the number of factors and their loadings with measured
variables adhere to the pre-established theory (Hung et al., 2010).

y

/" Perceived
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A/ Behavioural 7 Actual
H, Intention of | Ha—» )
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Fig. 3 Technology Acceptance Model (TAM) to examine students’ acceptance of the proposed instruc-
tional model
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Table 3 The reviewers’ reflec- Classes Items Suitability (in %)
Sg:llt;rllt:he suitability of the Online Class 1 Online lecture 75
Video contents 100
Assignment 75
Class test 50
Online Class 2 Online lecture 100
Video contents 100
Assignment 75
Class test 75
Online Class 3 Online lecture 100
Video contents 75
Assignment 100
Class test 75
Online Class 4 Online lecture 100
Video contents 75
Assignment 75
Class test 100
Online Class 5 Online lecture 100
Video contents 75
Assignment 100
Class test 100

6.2.3 Effectiveness of the instructional design

Finally, to evaluate the effectiveness of the proposed instructional design (RQ3), we
compared students’ performance in the /C Engine Principle course in the BL con-
text with other engineering courses conducted in the traditional learning context. A
paired-sample t-test has been used to compare the students’ performances.

7 Results
7.1 Model validation

Reviewers’ reflections from the opinion form were analysed first to examine the con-
tent validity. Reviewers have carefully gone through each of the learning items and
online lessons and mentioned whether the items and lessons are suitable for the pro-
posed instructional design for the BL context. The following table shows the review-
ers’ (students and faculty members) reflections on the suitability of the contents. Four
reviewers were engaged in this section. They were given a model validation form in
which they were required to indicate the suitability of the learning contents.

Table 3 reveals that most of the reviewers agreed with the suitability of the online
course contents for the BL approach. However, some class tests and assignments were
extensively modified as per reviewers’ suggestions. Reviewers were also advised to
provide suggestions about the learning materials and course contents. Their sugges-
tions were then analyzed qualitatively to rectify the items and improve the fidelity of
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Table 4 Content Validity Index  Construct Total S-CVIUA  S-CVIAVE  Cron-

(CVI) of the proposed instruc- Items bach

tional design Alpha
Content Reliability 5 0.667 0.889 0.769
Comprehensibility 5 0.667 0.925 0.618
User-friendliness 5 0.833 0.914 0.804
Generality 5 0.667 0.880 0.625
Avg. S-CVI/UA 0.709
Avg. S-CVI/AVE 0.902

each lesson. The reviewers offered several recommendations for making the online
classroom more engaging and participatory. For example, one of the reviewers wrote,

The rubrics of the assignment are necessary for online classrooms to ensure
clarity.

Based on the reviewer’s feedback, a rubric has been developed, which is designed
to assist students in reflecting upon their progress in completing activities in online
courses. Some reviewers commented on the need to restructure the sequence of the
contents; this suggestion was accepted and acted upon. For example, one reviewer
said-

It will be helpful for the students if the class materials are organized properly
in the course stream. It will help the students to follow the classroom properly.

.Thus, online learning has been reorganized lesson by lesson in a single interface of
the Google classroom so that students can easily follow the learning materials. Also,
some incremental changes have been made for each of the lessons as per the review-
ers’ feedback, which ensured the prototype’s fidelity.

Further, the content validation index (CVI) has been used to examine the experts’
feedback to validate the contents of the proposed instructional design. CVI is the most
generally reported technique to validate the content of an instrument or intervention
(Zamanzadeh et al., 2015). Typically, the value of item CVI (I-CVI) and Scale-level-
CVI (S-CVI) have been used for content validation. The CVI with a value of 1.00
or near 1.00 indicates very good content validity, whereas a value of 0.50 or less
indicates an inadequate degree of content validity (Martuza, 1977). The S-CVI is
determined based on the number of components in a tool that have received a very
positive rating, such as ‘very suitable. Finally, S-CVI using the Universal Agreement
(UA) (S-CVI/UA) and (S-CVI/AVE) has been calculated to check the content valid-
ity of the course designed for the BL context (Zamanzadeh et al., 2015).

As revealed in Table 4, the content validity was found to be high as the I-CVI was
greater than 0.80 for each of the constructs. Also, the mean S-CVI/UA was greater
than 0.700, and the mean S-CVI/AVE was found to be greater than 0.90, which was
deemed satisfactory (Polit et al., 2007). For items’ reliability, the Cronbach alpha
coefficient for each construct was more than 0.60, which is considered reliable and
satisfactory (Hair et al., 2009).
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Table 5 Reliability, convergent, and discriminant validity

Measures Items CR  AVE Reliability (a) AU  BI PEU PU
Actual Use (AU) 2 0.878 0.782 0.722 0.885

Behavioral Intention of Use (BI) 3 0.837 0.632 0.711 -0.242 0.795

Perceived Ease of Use (PEU) 3 0.845 0.646 0.730 -0.113 0.447 0.804
Perceived Usefulness (PU) 3 0.909 0.769 0.856 0.141 0.303 0.144 0.877

7.2 Model acceptance
7.2.1 Confirmatory factor analysis (CFA)

Based on the TAM constructs, this study conducted structural equation modelling
(SEM) using smart PLS to evaluate the student’s acceptance of the proposed model
(Ramayah et al., 2018). PLS-SEM produces more accurate estimates when the sam-
ple size is limited and is recommended for predicting the relationships of the theo-
retical construct (Hair et al., 2020). PLS analysis employs two distinct models- the
measurement and the structural model. The measurement model, also known as the
outer model, depicts the underlying relationships of the latent constructs, whereas the
structural model, also known as the inner model, defines the relationships between
the exogenous and endogenous variables of the model. Gefen et al., (2000) and Hair
etal., (2017) presented various recommendations regarding the validation of the mea-
surement and structural models. Based on the recommendations, this study examined
the outer loadings of the survey items and the average variance extracted (AVE) to
determine the measurement model’s convergent validity. Discriminant validity was
determined using cross-loading and the Fornell-Larcker criteria. Additionally, this
study used the bootstrapping technique for determining the statistical significance
of the path coefficients of the relationships, the Heterotrait-Monotrait (HTMT) ratio,
and the coefficient of determination (R?) values (Hair et al., 2017). Henseler et al.
(2015) proposed that the HTMT needs to be examined to develop a more stringent
discriminant validity of the constructs. The R’ in the structural model was investi-
gated to predict the proportion of the variation of the dependent variable, i.e., stu-
dents’ acceptance of other independent variables in the model.

Table 5 shows the convergent validity and the reliability of the TAM constructs.
The composite reliability (CR) and Cronbach’s alpha (a) value are larger than 0.7,
and the AVE value larger than 0.50 provide excellent convergent validity and reli-
ability of the model (Fornell & Larcker, 1981). However, in determining the mea-
surement model, one item (AU1) was dropped as the factor loading was found to
be below 0.40 for the item (Hulland, 1999). Further, as shown in Table 5, the square
root of the AVE on the diagonal (in bold numbers) is greater than the correlations of
the constructs, confirming the validity of the measurement model (Hair et al., 2017).

Table 6 shows good convergent and discriminant validity as all items had larger
loadings (>0.700) on their respective constructs and lower loadings on other con-
structs. These data show that the psychometric characteristics of the TAM constructs
were excellent for the proposed instructional design (Hair et al., 2017). The HTMT
values shown in Table 7 indicate that all model construct values fall below the
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Table 6 Multicollinearity assessment and factor structure matrix of the model
Constructs Items AU BI PEU PU VIF
Actual Use (AU) AU2 0.897 -0.225 -0.045 0.018 1.470
AU3 0.872 -0.203 -0.16 0.244 1.470
Behavioral Intention of Use (BI) BI1 -0.145 0.823 0.393 0.367 1.366
BI2 -0.176 0.803 0.355 0.216 1.453
BI3 -0.275 0.758 0.309 0.107 1.366
Perceived Ease of Use (PEU) PEU1 -0.08 0.447 0.853 0.103 1.489
PEU2 -0.089 0.31 0.746 0.146 1.332
PEU3 -0.109 0.286 0.809 0.101 1.631
Perceived Usefulness (PU) PU1 0.132 0.306 0.126 0.911 2.340
PU2 0.197 0.185 0.002 0.818 2.070
PU3 0.083 0.275 0.193 0.899 2.054
Table 7 Results of Heterotrait- Construct AU PEU PU
Monc.ytrgit (HTMD ratio for ‘Actual Use (AU)
discriminant validity . X
Behavioral Intention of Use (BI)  0.347
Perceived Ease of Use (PEU) 0.181 0.594
Perceived Usefulness (PU) 0.231 0.353 0.163

threshold value of 0.85, which satisfies the condition of strict discriminant validity

(Henseler et al., 2015).

This study also checks the collinearity issue because it affects weight estimates
and the statistical significance of the relationships of the items. Table 6 shows that the
variance inflation factor (VIF) of all the items is below 5.0, indicating that the model

is free from multicollinearity issues (Hair et al., 2017).

Finally, the structural model using the TAM constructs has been examined to check
the predictive explanatory power (R%), and the cross-validated redundancy (Q°) of the
model (Fig. 4). The predictive explanatory power (R°) indicates the degree to which
the independent variables adequately explain the dependent variables. Cohen (1988)
recommended that predictive explanatory power can be classified as substantial,
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Fig. 4 Results of the structural model using TAM
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Table 8 Results of Structural Constructs R? 0’

Model Actual Use (AU) 0.059 0.033
Behavioral Intention of Use (BI) 0.258 0.133
Perceived Usefulness (PU) 0.021 0.005

Table 9 Results of hypotheses testing using path analysis

Hypothesis  Relationship ~ Std. beta (§) SD t-value p-value decision £

H, PEU — PU 0.144 0.156 0919 0.359 Not supported ~ 0.021
H, PU — BI 0.244 0.110  2.229 0.026 Supported 0.079
H; PEU — BI 0.411 0.102  4.025 0.000 Supported 0.223
H, BI — AU -0.242 0.109  2.231 0.026 Supported 0.062

moderate, or weak when R’ values are above 0.26, 0.13, or 0.02, respectively. Our
model shows in Table 8 a moderate explanatory power (R°=0.258) for behavioral
intention to use (BI) and weak explanatory power for both actual use and perceived
usefulness for the proposed instructional design (R°=0.059, 0.021).

The cross-validation redundancy (Q°) is used to assess the model’s predictive rel-
evance for the latent dependent variables. If 0°>0, the model is considered pre-
dictively relevant (Geisser, 1975; Stone, 1976). According to the results in Table 8,
the structural model is acceptable since the exogenous constructions have predictive
relevance for the model’s endogenous components.

Table 9 explores the hypotheses test results between different TAM constructs. It
reveals that both perceived usefulness (H,) (£=0.244, 1=2.229, p<0.05) and per-
ceived ease of use (H;) (=0.411, t=4.025, p<0.05) had a positive influence on
behavioural intention to use the proposed instructional design. Similarly, hypothesis
H, revealed the behavioral intention of use had a positive influence on actual usage
of the proposed instructional design (8 = -0.242, t=2.231, p<0.05), But hypothesis
H, suggests that perceived ease of use did not have a positive influence on perceived
usefulness (=0.144, t=0.919, p>0.05).

Sullivan and Feinn (2012) stressed that a p-value indicates the presence of a sta-
tistically significant impact but does not provide insights into the strength of these
relationships. Thus, it is important to present and evaluate the impact size (£) to
understand the strength of these relationships. Cohen (1988) reported that the /° val-
ues of 0.02, 0.1, and 0.35 indicate small, medium, and large impact sizes, respec-
tively. The results in Table 9 show that the impact of perceived usefulness (PU) on
behavioral intention (BI) and the impact of behavioral intention (BI) on actual use
(AU) are small. In contrast, perceived ease of use (PEU) has a medium impact size
on behavioral intention (BI) to use the proposed instructional design.

7.3 Model effectiveness

After running a full semester in the BL context, students’ final exam score in the /C
Engine Principle course was compared with the scores of other non-BL courses. A
paired-samples t-test was used to examine student performances in both contexts. As
revealed in Table 10, the results showed an improved performance in the /IC Engine
Principle course (M=3.228, SD=0.60417) compared to the overall CGPA of other
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Table 10 Paired sample t-test results for students’ improvement of performance in the BL context

Mean Std. Paired Differences t df Sig.
Dev.

Mean SD St. Lower Upper
error  bound bound
Overall CGPA 3.087 0.784 -0.140 0.477 0.058 -0.257 -0.024 -2.410 66 0.019
(other courses)
GPA (IC Engine 3.228 0.604
course at BL
context)

Table 11 Students” progres- Academic Year 2019 2020 2021
sion chart for the IC Engine Total number of students 84 80 81
Principle course )
Total number of passing students 61 61 67
Graduate progression rate 73% 76% 83%

non-BL courses (M=3.087, SD=0.78382). The result is statistically significant at ¢
(66) = -2.410, p<0.05. The effect size (0.081) further shows that this is a moderate
improvement in students’ performances due to the intervention, e.g., the implementa-
tion of the proposed instructional design in the BL context (Cohen, 1988).

Also, the graduate progression chart (Table 11) indicates the passing rate of the
students in the /C Engine Principle course. The passing rate is found to be higher for
the academic year 2021 when the “IC Engine Principle” course has been delivered in
BL mode with the proposed instructional design.

8 Discussion

This study conceptualized a pedagogical framework combining the ADDIE and rapid
prototyping model for the blended learning context to be used by the course design-
ers in the TVET context of Bangladesh. The proposed model has been validated by
the reviewers and experts, and its effectiveness and acceptance by the students were
examined. The findings revealed that the proposed pedagogical design is reliable and
valid and thus might be appropriately implemented in the blended learning context
of the polytechnic institutes of Bangladesh. The polytechnic students demonstrated
a positive attitude towards the model and performed better in the achievement test
compared to the students without the blended learning session.

Decades of research show the importance of blending online and face-to-face
classrooms to offer effective learning experiences for students (J. Lee et al., 2017,
Mason et al., 2013). In the context of polytechnic institutes of Bangladesh, a cus-
tomized ADDIE-RP instructional design confirmed the same for a marine engineer-
ing course in the BL environment through content validation (Polit et al., 2007). As
revealed, the course implemented with the customized ADDIE-RP model received
positive reviews from experts. Research shows that due to its adaptability, ADDIE
can contribute to and satisfies most instructional needs (Campbell, 2014). This might
be the key contributing factor to receiving such positive reviews from experts and
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reviewers. However, as ADDIE requires more time to adapt, the RP Model comple-
ments this deficiency by providing formative feedback and quick adoption of neces-
sary technologies at an early stage (Dong, 2021). This unique feature of RP offers
effective communication among the instructors and facilitates their focus on the
teaching and learning activities through trialability in the quickest possible time (Bot-
turi et al., 2007). In summary, RP could address the limitations of ADDIE by integrat-
ing formative feedback elements and early adaptations. Thus, the proposed model
provides a unique, open, and flexible pedagogical framework to be implemented in
the BL environment of the polytechnic institutes of Bangladesh. The findings of this
study are consistent with other recent studies that suggested that rapid prototyping
and ADDIE should be used together to create instructional design since they both
have the potential to enhance blended learning environments (J. Lee et al., 2017).

The CVI index of the proposed model also indicates content interpretability,
comprehensibility, usability, and generality of the instructional design (J. Lee et al.,
2017). Interpretability is described as the capacity to explain or convey the meaning
to a person in a way that can be easily understood (Barredo Arrieta et al., 2020). This
is the major strength of this model. In a similar vein, the easy comprehensibility of
the model allowing the users to grasp what the proposed instructional design can
deliver, is a key strength of this model. The usability of the model also received a
very positive rating from the experts, which confirms it is easy to use, and effective
for interaction (de Oliveira et al., 2021).

This study utilized the Technical Acceptance Model (TAM) to recognize students’
acceptance of the proposed instructional design and examine its actual use by the stu-
dents. The findings revealed that perceived usefulness (PU) has a significant positive
influence on the behavioral intention (BI) to use this prototype. This result is in line
with other studies where there is a strong relationship between perceived usefulness
and behavioral intention to use a new instructional prototype (Salloum et al., 2019;
K. T. Wong et al., 2013). It can be argued that when students believe that modern
technology could enhance their performance, it inherently influences their behavioral
intentions to use the technology. This model also revealed that perceived ease of use
(PEU) had positively influenced the behavioral intention (BI) to use it. This finding is
consistent with the studies conducted by Davis (1989), Motaghian et al. (2013), and
Park (2009). It is evident that when students found the proposed model comfortable
and easy to use, it positively affected their behavioral intention to use it. It is to be
noted that perceived ease of use (PEU) had no positive impact on perceived useful-
ness (PU), which is in contrast with some other studies that reported a direct positive
relationship between them (Akmal, 2017; Cigdem & Topcu, 2015). Liu et al. (2010)
also argued that course design and user interface are the most important factors that
directly affect PEU and encourage students to opt for new technology. However,
Motaghian et al. (2013) also argued that significant positive relations between per-
ceived ease of use (PEU) and perceived usefulness (PU) may not always be estab-
lished. It is argued that some other variables, e.g., age, gender, subject, instructor
preparation and support, and years of teaching experience, could be responsible for
this deviation (Dai et al., 2020). Future research can explore further the relationships
among these variables with the perceived ease of use and perceived usefulness.
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Finally, the effectiveness of this model has been examined by implementing the
proposed instructional design in a blended learning context. This study designed a
marine engineering course with the proposed model and offered it formally to the stu-
dents for a full semester. The results showed moderate improvement in students’ aca-
demic performance in the BL course compared to the non-BL courses. The findings
of this study are consistent with earlier studies that found significant improvements in
students’ attitudes and satisfaction while taking BL courses and these improvements
are directly related to the students’ academic performances (Bland, 2006; Kellogg,
2009; Kintu et al., 2017) concluded that students’ academic performance might be
improved by implementing the proper web technology for assignments and exams.
Tian & Suppasetseree (2013) also found that an online task-based instructional model
significantly improves students’ performance. In fact, educators continually look for
innovative approaches to keep classes exciting and engaging while utilizing technol-
ogy in the blended learning context (Arghode et al., 2018).

9 Implications of the research

Though ADDIE is popular among instructional designers (DeBell, 2020), it comes
with its limitations. Educators, course designers, and academic libraries should take
measures to overcome these limitations while maintaining the quality of the ADDIE
model during the instructional design process. The current study offers a modified
framework that includes some aspects of RP into ADDIE to improve the overall effi-
ciency of this theoretical approach. Creating such a unique theoretical framework
can lay down the foundation around which educators could construct compelling
instructional materials for a blended learning environment.

Also, this study has several practical implications for TVET educators in the con-
text of higher education in Bangladesh. TVET educators can organize training for
the instructional designers to solve certain difficulties related to the instructional
design in the blended learning context by employing the proposed model. Specifi-
cally, the collaboration between the course designers of different institutions can take
place to develop a universal instructional design for higher institutions (Linh & Sup-
pasetseree, 2016). Given that instructional design has an impact on the quality of
instruction, this proposed model would assist Bangladeshi TVET course designers in
gaining the skill set necessary to create blended learning sessions that will increase
the learning effectiveness and efficiency of the students. Since there is no instruc-
tional design for establishing a BL environment in Bangladesh, the proposed model,
intended for TVET education as well as other higher education programs, can fill this
gap. To give educators a better grasp of the underlying design processes and to enable
them to make better, more informed decisions, this study explicitly explained the
steps of the key design component of the proposed model. Additionally, the outcome
of this study might encourage individual TVET teachers to design and implement
their courses for blended learning environments at their respective institutes.

In this research, Google Classroom and Facebook were shown to be more readily
available to be used as educational tools that are suitable for polytechnic students’
learning styles and preferences. The TVET educators could also consider the poten-

@ Springer



7622 Education and Information Technologies (2023) 28:7601-7630

tial use of social media as viable tools to utilize in instructional design development.
Also, this proposed ID can be used as a framework for developing similar courses
in other similar domains of learning, i.e., medical, nursing, engineering, and science
education.

10 Limitations and future research direction

This study was limited to only two polytechnic institutes, and only eighty-one stu-
dents were engaged in validating the acceptance of the proposed instructional design.
All the students came from a single discipline. Recruiting students from different
disciplines and institutes could help to scale up the potential effectiveness of the
model. Keeping these limitations into consideration, the findings of this study may
apply and be generalizable only to the disciplines taught in the polytechnic institutes
of Bangladesh.

Methodically, this paper focuses mostly on the quantitative data to validate and
measure the acceptance and effectiveness of the customized prototype. Though in the
reflective opinion form, a limited amount of qualitative data was used for designing
and developing the course contents, more qualitative data could be incorporated for
subsequent studies to strengthen the validation of the proposed model.

This study only focused on micro-level course design (J. Lee et al., 2017), over-
looking the macro-level design aspects of the curriculum. In fact, this instructional
framework lends itself to an individualistic approach to designing a BL environ-
ment for the courses. To secure a comprehensive understanding of the course design,
the TVET educators and course designers need to consider aspects of instructional
design for both macro and micro levels.

This study did not compare the implementation time of the current project with
other similar projects. Future studies can investigate how much time could be saved
using this modified ADDIE-RP framework compared to other ADDIE approaches.

Another methodological limitation of RP is due to the fast-paced approach, which
often prevails in the instructional design at the expense of quality. This quick, fast-
paced approach can have a detrimental impact on subsequent advances, impeding
comprehension, teamwork, and commitment. Though the ADDIE model has ele-
ments of quality control, this study did not explicitly examine the drawbacks of the
fast-paced RP approach. Future research might consider all the drawbacks of the RP
and ADDIE models and can control them during the prototype design process.

11 Conclusion

Amid COVID-19, course instructors of the polytechnic institutes of Bangladesh
were under high pressure to deliver their teaching. Thus, the TVET course designers
urgently looked for options to create a rapid BL session for their students within a
short space of time. Nonetheless, it was a daunting task for the researcher to create
a compelling and quick prototype convenient for TVET educators, as the concept of
online learning is new for many TVET institutions in Bangladesh.
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This study endeavored to make an effective and quick instructional design for
the TVET educators to support the course designers during the pandemic. The pro-
posed instructional design has the potential to solve the immediate educational chal-
lenges and can offer a long-term solution even beyond the post-pandemic situations
for this group. The core strength of this model was to offer the resource-constrained
TVET course designers a framework to accomplish a reliable and robust instructional
design within a brief time frame. In this regard, this ADDIE-RP instructional design
could bring a major break-through in the BL environment for the TVET institutions
of Bangladesh.

12 Appendix

Table A Reviewers Opinion Journal.

Class No. Item Suitable / Not suitable Suggestions
Online Class 1 Online lecture
Video contents

Assignment
Class test
Online Class 2 Online lecture
Video contents
Assignment
Class test
Online Class 3 Online lecture
Video contents
Assignment
Class test
Online Class 4 Online lecture
Video contents
Assignment
Class test
Online Class 5 Online lecture
Video contents
Assignment
Class test

Table B Content Validation of The Prototype.

Constructs  Features Items/Dimensions 1 2 3 4
Contents i. Clearly defined learning goals Item 1/Online Class 1
Reliability  ii. Alignment of content with educational Item 2/ Online Class 2

objectives Item 3/Online Class 3

iii. Exclusion of Unnecessary Information Item 4/ Online Class 4

iv. Constructive feedback (i.e., quizzes, self-check Item 5/ Online Class 5
questions, exercises, activities, tests, and other

practice exercises or testing activities)

v. Accuracy of information

vi. Consistency of instructional materials with the

intended learning outcome
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Constructs  Features Items/Dimensions 1 2 3 4
Compre- i. Prototype actions and understanding Item 1/Online Class 1
hensibil- ii. Auditory and visual compatibility Item 2/ Online Class 2
ity of the Item 3/Online Class 3
prototype Item 4/ Online Class 4
Item 5/ Online Class 5
User- i. A user-friendly interface Item 1/Online Class 1
friendliness 1ii. The ability to divert from the course flow. Item 2/ Online Class 2
of the iii. Distinctive navigation technique Item 3/Online Class 3
prototype  iv. The authority of students to evaluate their abili- Item 4/ Online Class 4
ties and practice Item 5/ Online Class 5
The gener- i. Positive Interaction with other instructional Item 1/Online Class 1
ality of the designers Item 2/ Online Class 2
prototype ii. Reliability of Prototype in designing a compa-  Item 3/Online Class 3
rable course Item 4/ Online Class 4
Item 5/ Online Class 5
Table C TAM for assessing of proposed instructional design.
Constructs Items 3 4

Perceived Usefulness

PU1
PU2
PU3

I believe technology improves my quality of learning.
I believe web platforms should be used regularly in teaching.
I believe a blended learning environment improved my learning

capacity.

Perceived Ease of Use

PEU1
PEU2
PEU3

The prototype has a user-friendly interface.

All the contents in the prototype are easily accessible.

I find it easy to navigate through the classroom

Behavioral Intention of Use

BI1
BI2
BI3

Actual Use
AUI1
AU2
AU3

I would like to keep myself updated with new educational technology.
I am more comfortable with blended learning than only face-to-face

learning.

I want to attend more courses that offer blended learning.

T use all the features of this prototype alone regularly
I take part in test activities frequently (e.g., quizzes and assignments).
I like to access all digital learning materials daily and can download/

upload files.
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