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Abstract

Purpose — Few resources exist to incorporate principles of modular approach to course design. This research
aimed to help instructors by presenting principles for practical and empirically informed modular course
design in engineering education.

Design/methodology/approach — In the first phase, a systematic literature review was completed to
identify categories addressing a modular course design. Search and screening procedures resulted in 33
qualifying articles describing the development of a modular course. In the second phase, 6 expert interviews
were conducted to elaborate on the identified categories.

Findings — Guided by the interview results and the ADDIE (Analyze, Design, Develop, Implement, and
Evaluate) course design model, the categories were compiled into six design principles. To present the design
principles in relation to the guiding principles of modular approach, an overarching conceptual model was
developed.
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Originality/value — Here, we present our innovation; a foundation for an evidence-based systematic approach
to modular course design. Implications have value for supporting flexibility and autonomy in learning.
Keywords Higher education, Instructional design, Online modules, Engineering education, Literature review
Paper type Research paper

Introduction

Higher education has been going through profound changes given the increased emphasis on
information and communication technologies. The changing nature of the workforce
suggests engaging students in learning environments that support flexibility of time and
place for learning (Hernandez-de-Menendez and Morales-Menendez, 2019; Sarker et al., 2019).
In line with these demands, recent vision statements for 21st century engineering education
embrace interactive and online learning, responsiveness to different learning styles and
teacher role as a facilitator (National Academy of Engineering, 2012). The adjustments in
higher engineering education are evident in the growing applications of open-learning such
as massive open online courses, flipped learning and modular instruction (Bradshaw et al.,
2013; Sivapalan et al, 2016).

Modular instruction suggests a priority for frequent feedback, self-paced learning and
individual interests and learning needs (Dejene, 2019; French, 2015; Goldschmid and
Goldschmid, 1973).

Although higher engineering education literature include diverse examples of modular
courses, methods of course design are inconclusive and not easily applicable for teachers
(Cordray et al., 2008; Jahnke, 2023). There is thus a need for design principles systematically
tailored to modular courses. Effective modular instruction partly lies in the support given to
teachers (Botma et al, 2015; Sadiq and Zamir, 2014). The goal of this study was to assist
instructors with evidence-based instructional design principles for modular courses in higher
engineering education.

Conceptual framework

Modular approach in education

Modular approaches in higher education date back to the initiation of an elective course
system in the late 1800s at Harvard University (Dochy et al., 1989). Since then, modules have
been regarded as components of education and training programmes mostly in reference to
credit-based curricula; dividing the curriculum into smaller components (French, 2015). In
other words, modularization has been primarily associated with concepts such as
semesterization, completion of degree programs, credit transfer and student mobility
where courses themselves are treated as modules (e.g. Erasmus programs) (Dochy et al., 1989;
French, 2015; Pollard ef al., 2017).

From a different yet a complementary perspective, there have been efforts toward
construction of a single course with modules in engineering education. Acknowledging
the lack of an agreed-upon type of modular approach (Goldschmid and Goldschmid, 1973;
Li and Pilz, 2017), this study adopted the conceptualization of modular courses by
Boahin and Hofman (2014): “packaging of course content, either theory or practical,
into shorter, logically self-contained units”. Key features of online course modules include
self-pacing, availability at all times and places, flexibility and frequent practice and
feedback (Dochy et al, 1989; Li and Pilz, 2017). Such attributes are rooted in multiple
educational approaches such as programmed-instruction, learner-centered pedagogies,
computer-assisted instruction and humanistic learning (Botma et al., 2015; Dewey, 1986;
Malik, 2012).



Developing modular courses

Modules present a structure for the organization of course concepts and practices (Martinez,
2019). In a modular course, students can move through independent and self-contained
modules at their own pace (Goldschmid and Goldschmid, 1973; Li and Pilz, 2017). Benefits of
student autonomy in selection and completion of course modules include increased academic
achievement, motivation and skills development (e.g. Boahin and Hofman, 2014; Cohen et al,
2019; Malik, 2012; Martinez, 2019).

The momentum toward modular courses brings forth teacher preparedness as a critical
element. There is an identified need to support teachers in development and implementation of
modules (Boahin and Hofman, 2014; Malik, 2012; Membrillo-Hernandez et al, 2021; Schulz and
Dahale, 1999). Addressing this need, Félix-Herrdn et al. (2019) implemented a professional
training program to support engineering instructors’ preparedness for module design and
reported: “This new approach involves changes in the roles of educators . . . a transition from
lecturing to facilitating. The professor must design learning modules that satisfy the proposed
challenge and encourage students to discover in new scenarios”. It has also been proposed that
module development should be carried out in the context of conceptual frameworks (Donnelly
and Fitzmaurice, 2005). Although there are frameworks that can inspire modular course design
in other domains such as health care (Botma et al, 2015), no course design model to help
engineering instructors at a practical level could be located. Construction of design principles
has significance for the long-term adoption of modular approach in engineering education.

Purpose of the study

Purposeful use of digital technologies can bring about self-paced learning experiences
(Hernandez-de-Menendez and Morales-Menendez, 2019). Lack of design principles for modular
courses led many studies of engineering education to identify and use components without a
systematic consideration of the literature (e.g. Jahnke, 2023). When a well-defined scope is not
present, teachers might design and deliver courses that fall short on supporting learning. In view
of these constrains and the scholarly consensus regarding the necessity to support teachers, this
study aimed to synthesize empirically grounded design principles for modular courses.

Method

This study adopted a convergent consensus-seeking process (Botma et al., 2015) made up of
two phases to create design principles for modular courses in higher engineering education.
Phase 1 included a systematic literature review to get a good overview of important principles
in the instructional design of modular courses. In Phase 2, based on Phase 1 findings and
expert views, the design principles were constructed.

Phase 1: systematic literature review
Systematic literature reviews are helpful in creating categorizations for an existing body of
research (Collins and Fauser, 2005).

Data collection. Searches were conducted in Ebsco, Web of Science, Scopus and Proquest
with the keywords: “engineering education,” “module(s),” “modular education,” “modular
instruction,” “modular” and “course”. All searches were restricted to articles written in
English, published in peer-reviewed journals between 2000 and 2021. Studies conducted
before 2000 focused mostly on reforms such as credit transfer systems and semesterization
depending on their definition of the concept to treat modules as courses. The researchers
collaboratively used an Excel file as an analytical to detail each search attempt memo
(Vanassche and Kelchtermans, 2015). The removal of duplicates led to 437 articles.
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Table 1.
Codebook for phase 1

To eliminate articles that did not fall into the scope of this review, two exclusion criteria were
used. Accordingly.

(1) 40 studies that did not report a higher engineering education course and

(2) 235 studies that either reported modules as software or device (e.g. protein module,
solar module) or discussed modular approach only in their conclusion were excluded.

Applying the exclusion criteria through screening the titles and the abstracts significantly
decreased the number of articles to 162. Skimming full texts, 57 articles were selected for the
review, that all accounted for three inclusion criteria:

(1) explained modularization of a course,

(2) detailed the structure and content of an online module e.g. learning outcomes,
activities, assessment and/or pedagogical criteria and

(3) detailed how modules were created.

Using purposive sampling (Fraenkel ef al., 2012), 16 potentially relevant articles published in
the journals: “Journal of Engineering Education” and “International Journal of Engineering
Education,” and using snowballing (Mourao et al, 2020), another set of 7 articles were
manually included in accordance with the inclusion and exclusion criteria.

After carefully reading all 73 full texts, again 40 articles were excluded. These articles
were not entirely in line with the inclusion criterion, since they focused on creating a module
to be used in multiple courses, rather than modularizing an existing course.

Data analysis. Analysis of the articles can be described as content analysis; study of
written content to obtain detailed information in response to educational problems (Fraenkel
et al, 2012). The first author read each of the 33 articles full text several times as she noted
emerging categories and codes. Later in the process, the second author read a random sample
of 10 articles, which she coded independently. Both authors discussed over the codes until
agreement was reached, then a codebook was iteratively constructed. For each code,
frequencies were calculated to find out the relative importance of certain concepts in
modularization literature in higher engineering education (Fraenkel et al, 2012). Table 1
illustrates the codebook with frequencies, together with the corresponding articles’ references

Categories Codes and frequencies

1. Course coverage Modules for selected course topics or learning outcomes, 8
Modules for all course content, 24

2. Module components Resources for theory, 21

Application exercises, 31
Module goals, 17

3. Module category Mandatory and sequenced, 19
Elective, 6
Self-pacing within module, 21
4. Key strategies in module implementation Consistent module form, 20

Alignment to in-class time, 14

Alignment to overarching project, 5

Variety in complexity and guidance, 4
5. Evaluation Graded module tasks, 17

Student reflections, 17

Teacher reflections, 9

Source(s): Created by authors




with the first author. Researchers’ online collaboration on Rayyan.ai and construction of an
analytical memo contributed to the trustworthiness of the findings.

Phase 2: design principles

Phase 2 consisted of expert interviews to test usefulness and completeness of Phase 1 results.
Expert interviews showed the importance of concepts that were not directly taken from the
literature and they therefore were added to the design principles.

Data collection. The 6 experts were instructors and teacher supporters at our institution all
experienced in modular instruction. Signed informed consent forms were collected from all
experts. During the individual interviews conducted online by the first author, field notes
were made. The experts were presented with Phase 1 results as they appear in Table 1 and
were asked to provide recommendations considering the use of the design principles by
course designers and teachers.

Data analysis. The first steps were reading the field notes right after the interviews, and
several more times later to gain familiarity with the data. The field notes were then grouped
under the relevant design principle. Next, the notes were checked for similarities and later
transformed into a summary. This summary showed recommendations raised by at least
three experts (Willis, 2015, p. 163).

Together with the codebook, the results provided the basis for construction of the design
principles. The next step for Phase 2 was selecting the generic instructional design model,
ADDIE, to structure and organize the results into logical design principles. ADDIE uses 5
steps to instructional design (Campbell and Schwier, 2014; Gagné et al., 2005):

(1) analysis: analyze course content and learning outcomes in relation to modules,
(2) design: explore how modules will help achieve the learning outcomes,
(3) development: create content and materials for modules,

(4) implementation: explore implementation in a course utilizing module-specific
strategies and

(5) evaluation: determine impacts of the newly designed modular course.

Guided by the ADDIE model and expert interviews, the codebook that emerged in Phase 1
was translated into a set of six design principles shown in Figure 1. During the systematic
literature review, researchers’ online collaboration and construction of an analytical memo
contributed to the trustworthiness of the findings. The researchers constantly debated and
discussed during this process until agreement was reached. The design principles were
shared with an audience of instructors and teacher supporters for member checking.

The final step for Phase 2 was to present the conceptual background of our design
principles. Figure 2 shows the overarching model that was developed for this purpose.

Results
Phase 1: systematic literature review
Course coverage. Selected course content. 8 articles designed online modules according to
selected course topics or course learning outcomes (LOs).

All course contents. In the majority, 24 of the articles, all content, all topics or LOs, of the
regular course was covered by the modules.

Module components. Resources for theory. In 21 articles, modules included web links,
articles, videos, presentations, lecture slides, book chapters, presentations, or audio-based
slides drawing on course theory and topics.
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Application. Exercises in the form of games, problem-solving, creating reports and other
interactive activities appeared in the modules of 31 articles. The exercises aimed to help
students transfer and apply theory. Anderson et al. (2005) explained that the module
exercises: “interrupt passive learning, which occurs as students read static text or listen to
lectures.”

A noticeable characteristic of all exercises was their real-world focus. Use of animations
and simulations was another frequent attribute. In 2 articles, design problems framed the
modules (Chatterjee ef al., 2010; Williams ef al., 2012). Course instructors’ timely feedback and
corrective feedback through automated systems were also mentioned (n = 5).



Module goals. 17 articles defined separate module LOs or goals. Padmaperuma et al. (2006),
for example, first identified the content of the modules and then, the course goals were
transformed into module goals. Using tables, Martinez (2019) illustrated a systematic
alignment of course competencies to subcompetencies developed for each module. Careful
formulation of module goals is reported to facilitate student awareness on module
components and assessment (7 = 5).

Module category. Mandatory and sequenced. A majority of the articles reported that all
students were expected to use the modules in a standard route communicated to them.

Elective modules. Six articles developed elective modules. Streif and Naples (2003), for
example, presented the students with one mandatory module and for the rest, the students
could decide which of the elective modules to use. In a later study Steif and Dollar (2009)
students were expected to choose 1 or 2 modules per week, aligned with the weekly
assignments, making up at least 9 out of 16 course modules. The articles persistently showed
that students’ use of elective modules led to improved academic performance. Bernacki et al.
(2020) and Syed et al. (2019) also put forth that, completion of a greater number of elective
modules resulted in higher academic performance.

Self-pacing within module. A group of 21 articles reported on students’ control over the
pace of their progression within the modules, choosing among the module components to
interact with (e.g. Altuger-Genc et al,, 2018; Henson et al., 2002) or freedom to skip parts (e.g.
Pierre et al., 2009). As explained by Khader et al. (2017): “The material can be rearranged in
different sequences for different learners to match with the learning abilities and preferences
...” As indicated by Moradi ef al. (2018), having control over one’s own progression within
modules resulted in student empowerment. Hailey and Hailey (2019) also evidenced that
learning outcomes associated with self-pacing in modules were greater.

Key strategies in module implementation. Although only a few articles specifically mentioned
strategies that contributed to student engagement with modules, results could be revealed. Key
strategies in module implementation emerged out of specific comments made in the articles, as
well as how frequently they occurred, allowing us to use these in our design principles.

Consistent form. A consistent form for modules seems to be important, e.g. module
number, title, module aims, prerequisites, outcomes and units for each module.

Alignment to in-class time. If there was face-to-face classroom time alongside the modules,
this time was dedicated to lectures, teaching activities and feedback. Most (weekly) in-class
time, intended to cover the theoretical course content. As indicated by Altuger-Genc et al.
(2018), modules: “support the in-class learning as well as to provide students a hands-on and
visual animation they can employ to understand the theory better.” All articles reported that
the students were expected to use the modules before or after the face-to-face sessions.

Aligmiment to overarching project. In total, five articles described an overarching design
project in their courses. The modules served as supportive tools to complete the project. As
described by Baughman et al. (4): “students apply learning module content tools in
completing design project work”.

Level of difficulty. Another strategy described in four articles was increasing the level of
difficulty, complexity of application exercises and decreasing the amount of teacher guidance
as the students progressed within a module or through different modules.

Other key strategies were: using a personalized intro to welcome students (n = 2),
assigning extra course credit for module completion (% = 2) and marking module components
to release module assessment (7 = 1).

Evaluation. To investigate student learning, graded module tasks (# = 17) were in the
form of traditional tests/quizzes, interactive exercises, or demonstration of solutions to
problems. The courses with an overarching project required a module deliverable with the
completion of separate modules, in addition to the final project outputs (e.g. Diefes-Dux
et al,, 2004).
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The articles also reported on collecting data on module use and effectiveness in the form of
questionnaires or interviews, 17 studies from students, 9 studies from teachers and 3 articles
from stakeholders or experts included in the design and implementation of the course (Habib
et al., 2019; Streif and Naples, 2003; Yalvac et al., 2007). Reflections focused on self-paced
learning experiences, motivation and perceptions of learning.

Summary. Essential characteristics of modular approach are highlighted in the articles:
time and location flexibility, self-paced learning and self-contained modules with multiple
components. The results showed that modules can be designed with separate goals, theory,
real-world focused practice activities and assessment tasks. Although only a few articles
reported on elective modules, results concerning motivation and the learning gains are
encouraging.

Phase 2: design principles

The summary of expert interviews evidenced two recommendations: (1) construction of a
teacher guide to assist teachers in their design decisions and (2) examination of Phase 1
articles to locate further indications of feedback and online interaction. In the teacher guide,
selected articles exemplify, for example, alignment of course LOs to modules, alignment of
overarching projects to modules, examples of programming assignments, animations and
simulations, courses with elective modules.

Considering further indications of feedback, Moradi et al. (2018) is revealed to use a
diagnostic test to: “provide a pre-study opportunity for the student so he/she would have a
better idea about the content”. Khader ef al. (2017) and Heragu et al. (2003) gave module access
to external experts, engineers and stakeholders with the goal of providing written feedback
and sharing information. To continue, online interaction was offered in modules through
synchronous and asynchronous communication; announcements, discussions forums.
Henson et al. (2002), for example, explained: “questions about class material on the bulletin
board where other students, instructor, graduate students and corporate sponsors can
asynchronously respond”. Video-embedded questions (Moradi ef al, 2018) was another
indicator.

Summary. Phase 2 produced the design principles (see Figure 1) and the overarching
conceptual model (see Figure 2). The conceptual model is built on a modular approach to
course design, engineering education literature and the module definition used in this
research. The model is structured on two axes. Because each teacher and classroom will
necessitate different design decisions, the axes stress the idea of allowing for different
modular course designs. As progressing through the course design principles, the axes will
also trigger the teacher to constantly reflect on learner autonomy and whether the modules
can stand on their own as self-contained modules.

Discussion

In line with practicality, our design principles are simple and inclusive (Yang et al., 2021) and
we accompany them with a teacher guide to support the teachers in the design and
implementation of the modules (Rota and Izquierdo, 2003).

We are aware the design principles are not necessarily directly applicable to each
situation. In the adoption of the design principles, concerning elective modules and
programming assignments for example, institutional context needs to be considered.
Teachers may face certain limitations like specific equipment and resources (e.g. learning
management system, access to programming tools), time constraints and large student
numbers (Fan et al, 2021). The design principles should thus be considered as they are meant
and that is part of a “constructive and iterative process” as each adoption of new approaches



is (Tondeur et al, 2012, p. 141). To facilitate this process, institutional support can be
presented in the form of a team directly working with the instructors to be withdrawn
gradually (Adamson and Sloan, 2021). The instructors should be encouraged to constantly
reflect on their design decisions as they iterate between our principles while at the same time
using the teacher guide.

As demonstrated by the horizontal axes of our conceptual model, the design principles
support a spectrum ranging from a standard route with “mandatory and sequenced modules”
to a high learner autonomy level marked by “all elective modules”. The latter can be
considered “a radical concept of modularization” with the complete flexibility to follow
modules in a mix and match format (Li and Pilz, 2017). As this might not be feasible or
necessary for some, our advice would be to start with a few elective modules and let students
use modules of their own choice. The rest of the modules agreed upon as foundational by the
instructors and an analysis of the students and the resources, can be presented as mandatory.
This structure can facilitate students” emerging experiences in adhering to their interest and
learning needs by using modules of their choice (Cohen et al, 2019).

Conclusion

To our knowledge, this study is the first attempt to construct empirically grounded design
principles for modular courses for engineering education. Next steps include testing the
design principles across different course contexts and making modifications based on data
gathered from teachers implementing the principles and from students working with the
modules. The design principles can benefit from technology-supported instructional design
frameworks (e.g. Adamson and Sloan, 2021) and theories such as transactional distance (Stein
et al., 2005). In the long run, the validated design principles and the teacher guide are expected
to help engineering faculties implement modular courses.
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