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Abstract

Industry 4.0 and 5.0 topics are emerging fields and have seen rising demand recently.
There is a critical need, on the other hand, for improved methods of instructing
programming languages since a growing lack of student motivation during the
pandemic has had a deleterious influence on the education of programmers. In this
context, online/hybrid computer programming courses must be addressed with
innovative solutions to support the field with well-educated professionals. In this
paper, we present a case study to propose an innovative tailored instructional design
for the online/hybrid learning environments for programming courses in engineering
faculties. To develop the instructional design, the Kemp Instructional Design Model
was followed. The instructional design is a result of the main outputs of the RECOM
“Redesigning Introductory Computer Programming Using Innovative Online
Modules” project, which aims to bridge the gap between the existing course design
in programming courses and the needs of "Covid” and “post-Covid” generation
students.
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1. Introduction

The Covid-19 Pandemic forced the education system to change radically. Almost all
universities worldwide were suddenly forced to shift all their education to virtual learning in
response to the pandemic. Therefore, support for lecturers' professional development has
become crucial because course design in online/hybrid teaching is more critical than in
traditional education settings. Online/hybrid teaching environments bring major challenges
to faculty members; the most significant is the complexity involved in moving a face-to-face
course into the online/hybrid platforms (Hampsten 2021; Rapanta et al. 2020; Singh, Steele
& Singh 2021). Since the traditional education system mostly prevailed in many European
countries, teachers and students in online education encountered several problems,
especially in engineering departments, due to the dense curriculum on hand-zone and
practical lessons. Other problems centred around the experience in online teaching/learning,
students' collaboration, a lack of support from lecturers, the complexity of materials provided,
and an inappropriate homework environment (Trammell & LaForge 2017; Akcil & Bastas
2020; Hehir et al. 2021; Hu, Sang & Meng 2021; Nortvig, Petersen & Balle 2018). These facts
reduced satisfaction and enthusiasm for both students and educators.

Active learning is considered the natural framework to develop occasions of learning in terms
of the active construction of meaningful knowledge (Rossi et al. 2021; Bybee 2010). Some
instructional strategies, such as gamification, inquiry, project-based activities, and flipping the
classroom, have an important role in supporting active learning (Saleem, Noori & Ozdamli
2022; Jaftha, Zahra-Micallef & Chircop 2021; Dichev & Dicheva 2017; Vargas-Macias,
Rodriguez-Hernandez & Sanchez-Sdenz 2020; Rincon-Flores & Santos-Guevara 2021;
Persano Adorno 2022; Davies, Dean & Ball 2013; Strayer 2012). In particular, a student-based
learning approach promotes greater engagement of learners. In hybrid learning
environments, online educational materials, digital learning tools, and opportunities for
interaction are combined with more traditional classroom methods (Forster et al. 2021).

The “Redesigning Introductory Computer Programming Using Innovative Online Modules”
(RECOM) project, funded by the European Union within the Erasmus+ KA226 program
(Partnership for Digital Education Readiness), aims to bridge the gap between the existing
national curricula related to engineering studies and the needs of “Covid” and “post-Covid”
generation students. It involves six universities — Yildiz Technical University, Burgas Free
University, University of Palermo, University of Ljubljana, University of Karabuk, Tallinn
University and the Board of European Students of Technology (BEST) organisation. The project
focused on the Computer Programming and Algorithms topic, which is a core element for all
engineering disciplines and is a complicated course both to teach and learn. In the project,
appropriate online/hybrid teaching methods for this lecture will be designed and integrated
with online technologies to improve student's learning motivation and interest, maintain
students' concentration, and enhance students' learning.

The main outputs of the RECOM project include (i) a course design framework for
online/hybrid computer programming courses, (ii) a web-platform with mobile access for the
course content, (iii) educational materials in the form of serious games, interactive video
tutorials, e-quizzes and case studies. It is still an ongoing project, however, the partner
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consortium has already completed the course design, the web-platform, the educational
materials and currently working on the evaluation process.

The RECOM project seeks to create a systematic student-centric approach to online/hybrid
instruction for courses on programming in engineering for Bachelor level students. In line with
this objective, this paper sets out to explore how the project deliverables - course design, web-
platform and educational materials harmonise to evolve the student-centric learning
approach.

The educator's skills, training, and commitment are critical to implementing an effective
online/hybrid pedagogy. Thus, an applied engineering course, such as a programming course,
requires different strategies for educators to present content, interact with students, and
assess course outcomes (Forster et al. 2021; Omeh, Olelewe & Nwangwu 2022). A solid
understanding of the learning process is essential responding to the enormous global changes
in higher education. The answers to better teaching and learning strategies require
international collaborations from various disciplines and backgrounds that focus on the same
problem. Within the wide partnership created by the project we shared and discussed
experiences. In that sense, this paper is intended to contribute to the online/hybrid learning
environments for programming language courses in engineering faculties.

2. Methodology and Theoretical Framework

In this study, the research design is a case study that is structured within the framework of the
Kemp Instructional Design model. The Kemp Instructional Design Model is an innovative
approach to instructional design since it has a non-linear structure with interconnected
components (Morrison et al. 2010). Thus, it has a circular structure that is realised through
nine linked interdependent components see Figure 1. This allows great flexibility in the design
of training plans, as with this model it is possible to start the design process from each of the
nine components or stages, without having to adhere to the constraints required by following
a linear approach. Depending on the learning system design process, several stages may be
started simultaneously, and some design stages may be dropped. Because of the
interrelationship between the components, the design process becomes cyclical.

In this approach, training designers will need to consider not only training objectives but also
a number of other factors, including the needs and desires of learners, training content and
activities (including tasks and procedures), training resources and support services, as well as
assessment and evaluation tools and methods.

The cyclical approach proposed in Kemp's model directs designers to use the learner's
perspective so that learners' goals, priorities, and limitations are taken into account. Kemp
Instructional Design's nine key components, which are designed to focus on learners
throughout the design process, are much more detailed and nuanced than those offered in
other familiar systems.
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Figure 1: The Kemp Instructional Design Model (Morrison et al. 2010)

The Kemp ID model has nine components within the inner cycle, namely, (i) Instructional
problem, (ii) Learner characteristics, (iii) Task analysis, (iv) Instructional objectives, (v) Content
sequencing, (vi) Instructional strategies, (vii) Designing the message, (xiii) Development of
instruction, and (ix) Evaluation instruments (Morrison et al. 2010). Regarding the instructional
problem component, we focused on “how to design effective programming languages courses
in online/hybrid environments for engineering students”. For the learner characteristics
component, we run a questionnaire for both students and teachers to grasp the needs and
desires of learners as well as the features of the desired learning environment. We examined
the existing course design plans as a data collection method within the scope of the task
analysis component. They allowed us to scaffold the course design -the first iteration- in terms
of the components of instructional objectives, content sequencing, instructional strategies,
designing the message, development of instruction, and development of evaluation
instruments. As a result of the first iteration, we proposed a course design template, which is
presented in detail in a conference paper (Uvet et al. 2022). In the second iteration, we
continued to work on the same components through the course design template. In other
words, we filled out the template by developing the required information in terms of each
related component. As a result of the second iteration, we created an instructional design that
is being presented in this study. As the next step, we will evaluate it -as the outer cycle of the
Kemp ID model- via expert evaluations and a pilot training with students.

3. Results and Discussion

As the results of the study, the instructional design outline and resources are presented below.
The instructional design includes a detailed course plan, a web-platform, and related
educational materials.
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3.1. The Course Plan

For developing the course plan, we utilized the course design template, which is the result of
our preliminary study (Uvet et al. 2022) in which we implemented the first iteration of the
Kemp ID model. The preliminary study started by using a survey to elicit information both from
Bachelor level engineering students and teachers. In all, 372 students were sampled from 19
European countries, and 47 teachers from five European countries participated in the data
collection. Results showcased the remarkable benefit of online programming language classes
was the variety of learning elements, for both teachers (47%) and students (33%). Students
preferred video tutorials (58%), simulations (52%), and external resources (49%) as the
educational elements that support lessons. Furthermore, teachers also stated they would
mostly employ project-based learning (49%), gamification (45%), simulation-based learning
(34%), and flipped classroom (30%) activities in their classes. The noteworthy challenge was
providing insufficient feedback, as stated by teachers (77%) and students (46%). The
preliminary study also examined the existing course plans in terms of content, learning
objectives, teaching methods, and evaluation methods.

Therefore, as the next step, the specifications for the course design and the course plan
template were formulated. Figure 2 provides the schema defining the specifications. From the
schema, three key sections of the course plan are shown: Pre-Instructional activities,
Instructional sessions, and Post-Instructional activities. Pre-Instructional activities are
proposed so that teachers embed themselves in the planning of the lesson with the student
in mind. The pedagogical requirements are the following: (i) Topic and/or subtopics, (ii)
Specific objectives, (iii) the environment for the learning, and (iv) resources/material for the
lesson. During the instructional sessions, the teacher is expected to align the pre-instructional
projections to the instructional and post-instructional delivery sessions before the lesson
delivery. The emphasis here is on aligning lesson planning, lesson delivery, and lesson
assessment to be centred around learners’ support, with the teacher-centred roles relegated
to the background as a facilitator and a mentor. Therefore, in planning and delivering the
lesson, considerations include the following: (i) The lesson delivery, (ii) Teacher-centred
activities, (iii) Formative assessment, (iv) Motivation techniques, and (v) Lesson conclusion.
Post-Instructional activities are considered essential for teachers to showcase empathy and
promote individual learning support. Thus, the framework proposes the following post-
instructional activities: (i) Summative assessment, (ii) Remedial plan for students, and (iii)
Preparing students for the next lesson.

Based on the schema, a template for the course design was designed. This addressed all the
specifications defined in the schema (see Figure 3). Consequently, we filled this template to
construct the course plan for programming languages courses in engineering faculties,
delivered in online/hybrid environments. Figure 3 shows the course plan with the first two
topics. The topic list is given in Table 1.
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Topic Number Topic Name
1 Overview of Computer Programming
2 Variable Concepts and Operators
3 Decision Making |
4 Decision Making Il
5 Repetition and Loop statements
6 Modular Programming |
7 Modular Programming Il
8 Array Data Collection
9 Pointers and References
10 Strings

Table 1: Topics in computer programming course

In sum, the course plan has features, especially in terms of instructional strategy issues that
are closely related to student-based learning approaches such as feedback, gamification, and
flipping the classroom. In this course plan, conscious efforts are made to put the teacher in
the role of facilitator and promote active student learning.

Teaching traditional programming languages like C/C++ is not a trivial task. It requires
algorithmic thinking, mathematics, problem-solving and real-life knowledge and skills, which
students do not easily obtain. We also analyzed the existing course plans from five European
countries. According to the course plan analysis, we identified the weekly topics, learning
objectives, and related pedagogical approaches. The applied methodology includes
instructional components that analyze engineering problems and measure or simulate
students’ performance. In addition, the selected approach aims at developing flexible
instructional design for content choice, delivery, and assessment within the framework of the
preliminarily defined learning objectives.

With reference to the theoretical underpinnings of the project, the Kemp ID Model, a learner-
centred course plan was proposed for use by lecturers/instructors to adapt for designing
course plan(s). It consists of learning objectives, followed by designing the course content in
terms of practice skills, teaching methods, and assessment. This step is very important since
online/hybrid teaching is different from face-to-face in terms of difficulty in engaging
students’ attention.
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The Web-platform

The RECOM web-platform with mobile access has been developed using the Moodle
infrastructure. Thanks to its integrated set of tools that are designed to support a variety of
kinds of online interactions between students and teachers, Moodle has been adopted by
many educators and institutions around the world (Kumar, Gankotiya & Dutta 2011). Moodle
is an open-source, robust, secure, and integrated learning platform for educators, students,
and administrators to create unique learning environments (Moodle 2022). It is widely used
on more than 169 thousand websites worldwide, includes more than 43 million courses in 241
countries, has more than 351 million users, and continues to be updated daily (Moodle
Statistics 2022). Thanks to being open source, the development of necessary add-ons and the
creation of customised solutions on Moodle also contribute to the growth of users.
Additionally, Moodle is compatible with practically all platforms and browsers since it is
designed to be mobile-friendly and is built on the web (Aberdour 2013). Taking into account
the advantages outlined above, we decided on Moodle as the project's learning platform.

The RECOM web-platform developed using Moodle aims to provide student-centred learning
activities. Instead of attending a course once a week, it enables students to take part in a
variety of engaging activities throughout the week. Five interactive video tutorials, five mobile
games, five e-quizzes, and five case studies are the main educational resources used to
provide the activities.

The main interface of the course content on the web-platform is shown in Figure 4. Both
teachers and students use the same user interface and reach the resources by clicking the
links on the course page. Additionally, teachers have an editing mode through which they are
able to edit, add, or delete content and organize online exam or quiz activities, etc. (See Figure
5)

Home Dashboard My courses

= Overview of Computer P...

Programming Language

Intro General

= Variabl
SO Overview of Computer Programming Calendar

Decision Making |
° Desicion Making Il

Case Study: Guesthouse Pr
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Figure 4: The interface of the course content on web-platform

U.Porto Journal of Engineering, 9:3 (2023) 209-222

217



An innovative tailored instructional design for computer programming courses in engineering
Dominique Persano Adorno, Tuba Ugras, James Sunney Quaicoe, Veselina Jecheva, et al.

PL101 / Repetition and Loop Stetements / E-Quiz 2/ Praview
A QuIE
E-Quiz 2
Quiz Settings Questions Results Question bank More
BACE
tion 2
Question & Sum of digits of M: User enters a number and the C pregram finds sum of digits of the number.
::s[::;ed Let N= 571, program should find 5+7+1 = 13. The way of solution is dividing the number by 10 and summing reminders again and again.
W
Marked out of According to solution, complete the code below:
THIE #include <stdio.h>

¥ Flag question B -
= int maing)

i

int N, numbrer, sum = 0, remainder;

O Edit quastion

printf{”Enter a number™);
scanf("%d", 8tN);

number = M;

remainder = number % 10;
sum = sum + remainder;

number = number £ 10;
} (remainder != 0):

printf{"Sum of digits of 3d = %dwn", M, sum});

return O

Figure 5: A sample e-quiz question interface on web-platform

Moodle supports various content types. For example, it has a built-in video player which can
play local files, streams, or external content from different sources such as YouTube videos.
Besides, the contents can be enriched with H5P, SCORM packages, and others by using plugins.
Interactive content developed using various tools such as game engines and other plugins can
be published as SCORM packages or H5P. Figure 6 shows a game developed in the Unity game
engine, deployed to WebGL, and exported as a SCORM package.

int piece2 =9

Define int p

L

Figure 6: A game developed as SCORM package
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3.2. The Educational Materials

The educational materials are developed in line with their design as outlined in the course
plan and integrated into the web-platform. The educational materials consist of interactive
video tutorials, mobile games, e-quizzes, and case studies. In the course design, each module
has at least two different types of those educational resources. In this way, student-centred
learning is provided by different types of learning activities.

Video tutorials: We prepared a series of interactive video tutorials to teach various topics in
computer programming. Namely, each of Topics 1, 4, 7, 9, and 10 - given in Table 1 includes
one video tutorial. First, we created a scenario for each game and then created their
storyboards accordingly. Each video tutorial covers real-life examples of programming
languages.

Mobile games: We prepared mobile-compatible games. Each game has a specific theme in
relation to the topic of the module. First, we created a scenario for each game and then
created their storyboards accordingly. In total, we designed and developed five games for
Topics 2, 3, 6, 8,and 9 - given in Table 1.

E-quizzes: For Topics 2, 5, 6, 7, and 10 - given in Table 1, we prepared 3-5-minute surprise
guestions to motivate students to do the readings. We prepared scenarios for each quiz, and
designed storyboards accordingly. The quizzes consist of multiple choice, fill-in-the-blanks,
and short answer type of questions.

Case studies: For Topics 2,4, 7, 8, and 10 - given in Table 1, we prepared case studies to make
students apply course knowledge to produce something new. Each case study focuses on a
specific algorithm problem and also includes a solution tip for students. For each case study,
we prepared a scenario that contains multiple steps showing the general definition and
problem statement to enable students to better understand the case. For each step, we
defined action, dialogue/script, and interaction/navigation.

4. Conclusions

In sum, this paper presents a case study to contribute to the online/hybrid learning
environments for programming courses in engineering faculties. The case study is structured
within the framework of the Kemp Instructional Design model to construct an instructional
design. The instructional design includes a course plan, a web-platform, and related
educational resources - the main outputs of the RECOM project.

Formerly, as the project team, we have already developed a course design template (Uvet et
al. 2022), which is based on the need analysis, as the Kemp ID model suggested. The template
is mainly characterized by instructional strategy issues closely related to the student-centred
learning approach, such as feedback, gamification, and the flipped classroom. Its development
has been preceded by a needs analysis, consisting of analyses of instructional problem, learner
characteristics, content, and instructional objectives. Accordingly, the course content has
been planned to include various kinds of educational resources: interactive video tutorials,
mobile games, e-quizzes, and case studies. To deliver the course content, an environment has
been decided upon as a web-platform that also has mobile access.

Using this template, we created the instructional design. It is scaffolded by a learner centred
course design template and consists of educational materials integrated into the web-
platform that is built on Moodle. All the efforts point out the ultimate goal of the project,
which is to offer an effective online/hybrid learning environment for programming language
courses for engineering students. It is a holistic approach with both the pedagogical aspects
of the learning/teaching process and the technological aspects with the appropriate
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educational technology materials and web-platform. Therefore, it will have benefits for
teachers to have adequate pedagogy to deliver online/hybrid programming courses
effectively, either synchronously or asynchronously. In this way, students will have well-
structured online programming courses with individualized instruction where students can
have opportunities to analyze and assess their own progress within their course.

For the rest of the project’s duration, we aim to evaluate the course design with all the
educational materials integrated into the web-platform. It will be accomplished after the user
testing process. This process will include piloting with target group representatives from all
the partner countries. This piloting will start in person during learning/teaching/training
activities and will continue with hybrid piloting in all the partner countries. The feedback from
all the participants will be analysed with the purpose of improving the course design according
to the teacher's/students recommendations. This feedback could be further extended
according to the Kirkpatrick model (Kirkpatrick 2006), which consists of four evaluation levels,
namely Reaction, Learning, Behaviour and Results.

Future work may also include the examination of the framework's applicability in different
programming-related subjects, like different languages, technologies like cloud computing,
Internet of Things, security, networks, etc.
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