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Abstract: Non-computing students often encounter greater challenges in programming courses compared to their
computing counterparts, primarily stemming from a lack of motivation in the subject. Motivation plays a pivotal role in
the success of introductory programming (IP) modules, with intrinsically and extrinsically motivated students exhibiting
greater enjoyment and engagement in learning activities. While numerous studies have attempted to enhance motivation
in IP modules, most have focused on computing students which is influenced lar gely by the constructivist theory. This
paper addresses this gap by proposing a cognitive-based teaching framework aimed at bolstering motivation among
non-computing students. The proposed approach employs the Explicit Instruction paradigm, where the instructor first
designs learning strategies and provides students with detailed explanations, demonstrations, examples, and non-
examples. This enables the students to apply the strategies in groups, practice with feedback, and finally individually.
The effectiveness of this approach was assessed using first-year students at two universities, one in South Africa and the
other in Cameroon. We collected student motivation data using a quantitative questionnaire post-experiment. The
results indicate that the proposed teaching method had a positive impact on participant motivation in terms of
attendance, perceived relevance, confidence, and satisfaction. However, the specific degree of improvement varied
among the participants.

Index Terms: Computer Programming, Teaching Methodology, Explicit Instruction, Student Motivation, Student
Engagement

1. Introduction

Computer programming is increasingly becoming an essential skill for non-computer science students, as
knowledge of information and communication technologies has become one of the most sought-after skills in real-life
job openings. Programming is a complex and creative thought activity that requires both knowledge and strategies for
achieving success. The diversity of student backgrounds enrolled in programming modules today in most developed
nations makes teaching and learning difficult. Earlier studies demonstrated that non-computing students experience the
most difficulties, to a greater degree than computing students [1]. Organizing and allocating time and effort to learn
programming is one of the challenges. Other difficulties include not understanding basic programming concepts, not
being able to use those concepts in a specific order to write a working program, not being able to debug programs that
generate errors after compilation, and not being able to analyse and predict a program's behaviour, etc. Several factors
may help to explain these difficulties, including a lack of self-confidence, inattention during lessons, learning less
during lecture sessions, and so on [1]. Most of these factors result from a lack of motivation in the subject, which is why
this same study advised the development of a cognition-based teaching method to improve the motivation, engagement,
and outcomes of non-computing students in introductory programming (IP) modules. This is in line with the study by
Hong et al. [2] who observed that students, who have a high level of intrinsic motivation consistently perform better in
the class. Additionally, motivation plays a pivotal role in the success of IP modules, with intrinsically and extrinsically
motivated students exhibiting greater enjoyment and engagement in learning activities [3,4]. Hence, students'
motivation in IP modules is an important component that might improve their learning outcomes [3]. On the other hand,
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learning programming demands sufficient cognitive abilities, which are often enhanced when students are intrinsically
motivated. Therefore, to be effective and successful, the instructional approach must cover non-computing demands and
provide a motivating framework [5]. Previous studies [6,12] have also shown that insufficient or a lack of motivation
and commitment are, among other factors, at the root of major failures and increased drop-out percentages in computer
programming courses. To improve this situation, the bulk of interventions based on constructivism were directed more
at computer science (CS) students than non-CS students. On the other hand, the choice of cognitive-based technique
may be justified by the fact that most non-computing students have no prior programming experience, an insufficient
level of mathematics, inadequate programming strategies, and a lack of in-depth, well-organized knowledge needed to
implement effective problem-solving processes. Moreover, most of them, regardless of their young age, need a lot of
guidance during instruction, whereas experts can work independently. Then, non-computing students should receive
direct pedagogical guidance on core concepts and strategies, and not be left to find out about them on their own [13]. In
addition, designing a new instructional approach for teaching non-computing students IP modules is a current and
ongoing concern in the CSE field [14]. Therefore, this study suggests an explicit instruction (EI) approach for teaching
IP to novices as non-computing students. The proposed teaching approach is based on cognitivist theory, and its
usefulness has been proven in reading native and foreign languages, mathematics, sciences, and history [15]. In this
teaching framework, the teacher first models learning strategies and provides students with detailed explanations,
demonstrations, examples, and non-examples. Afterwards, students apply the strategies in groups, on sustained
practices with feedback, and finally individually. Explicit Instruction (EI) promotes a direct approach to practice,
eliminating ambiguity and complexity from learning situations. It is an effective way to encourage understanding,
participation, and inquisitiveness in students instead of being a teacher-centered monologue [16]. El has the potential to
increase non-computing students’ motivation and is innovative in teaching IP modules for several reasons [17]. 1). El
provides clarity and understanding due to its usefulness in explaining challenging subjects by attracting students’
attention to essential areas of the course material. The instructional material provides unambiguous guidance, enabling
students to fully comprehend the content at the end of the class. 2). ElI promotes active student engagement, unlike
passive learning in direct instruction, as students can ask questions, request more explanations, and actively interact
with peers and the instructor. 3). El increases curiosity among students as they are encouraged to question the reasons
and mechanisms behind a topic, engaging in deeper exploration rather than just tackling it superficially. This element is
critical in IP modules for students to be able to later analyze or design a proper program that effectively solves problems.
4). El can be tailored by a teacher to accommodate unique learning styles and paces, ensuring that no student lags. 5).
El involves structured oversight while also fostering critical thinking, problem-solving, and creativity [17]. The
proposed teaching framework was tested using two case studies. Firstly, in a CMPG121 module with non-CS first-year
students from the Faculty of Natural and Agricultural Sciences (FNAS) at the North-West, Mafikeng, South Africa
(Group 1). Secondly, in an introduction to Python course, the groundwork for module INFO2122, Object-Oriented
Programming with Python, was laid with first-year trainee teachers from the HTTC, University of Yaoundé 1,
Cameroon (Group 2). The objective was to find out how the proposed teaching framework impacts student motivation.
Based on this purpose, the following research questions (RQs) were formulated: 1). How can we design a novel
teaching framework that can engage and motivate learners in an IP module? 2). How effective is the designed teaching
framework from the learner's motivation perspective based on the four components of the ARCS model [18] which are
attention, relevance, confidence and, satisfaction? These RQs drive the design, implementation, and evaluation of the
proposed El framework's ability to increase the motivation of non-computer students. We rigorously analyzed and
presented the findings. Therefore, we can characterize the significance of this paper as follows:

e Designed a new teaching El-based framework for teaching IP modules to non-computing students.

e Conducted a cross-cultural study to assess the impact of the proposed EI framework on the student’s
motivation.

e Provided a discussion on the effectiveness and implications (academic and application) of the proposed
teaching methods and the comparison with other existing teaching methods.

The remaining parts of the paper are structured as follows: Section Il presents the background information and
some of the related works, Section Il presents the proposed cognitive teaching approach; Section IV presents the
experimentation; Section V presents the survey on students’ motivation; Section VI analyses the impact and compares
the new teaching method with other existing approaches; and Section V11 concludes the paper.

2. Literature Review

2.1 Background Information

A. Motivation and Engagement

Motivation and engagement are important success factors in IP courses [4], and how to motivate and engage
students is a major concern in all disciplines. A success factor represents certain skills, attitudes, or beliefs that, once a
student has them, lead to the conclusion that he or she will have a good outcome in learning activities [19]. It is
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important for a teaching strategy to incorporate or include at least one success factor. Students are motivated to learn or
gain new skills when their potential is well understood or when gaining these skills will lead to a good grade and the

privileges that a good grade confers [20]. To support motivation, teaching methods need to integrate techniques
that deal with the attention, relevance, confidence, and satisfaction (ARCS) model [21]. The ARCS model is therefore
an excellent way of measuring students’ motivation. The ARCS model was developed by John Keller [18], as a result of
a concern to provide more accurate approaches to the key influences on motivation to learn, as well as systematic means
of detecting and addressing problems associated with motivation to learn.

Furthermore, engagement is viewed as the ability to invest time and effort throughout the training program [22]
and involves the initiation of action and active participation. It is defined as “ a positive, fulfilling, work-related state of
mind that is characterized by vigour, dedication, and absorption...” [23]. Vigor is described as high energy levels and
mental toughness during work, a desire to work hard, and perseverance even in case of difficulties. Dedication is about
being deeply immersed in one's task and feeling a sense of significance, enjoyment, pride, and challenge. Absorption is
being completely focused and joyfully absorbed in one's task, so time flies by and it is hard to detach oneself from one's
task. To support students’ engagement in learning, the teaching approach must include opportunities for control over the
activities offered to develop a positive perception of competence; including tasks that correspond to the students' level
of ability; provide self-assessment grids to allow students to assess their performance and thus foster the development of
their autonomy. Schaufeli et al. [23] designed an assessment questionnaire known as the Utrecht Work Engagement
Scale (UWES) for the measurement of engagement.

On the other hand, in teaching and learning IP modules, in addition to motivation and engagement, some studies
pointed out other success factors such as grades from secondary school, prior programming experience, gender,
mathematics or English background, learning style, self-efficacy, mental model, comfort level, achievement goals,
teaching tools and methods, etc. [24,26]. Important to notice is that each teaching strategy should support or develop at
least one of these factors in learners.

B. Misconception and Concept Inventories in IP

Misconceptions and concept inventories (CI) are critical to providing the right interventions to improve the
learning process. Misconceptions are academic concepts that are challenging and well-rooted [27]. Learners most often
build huge misconceptions when it comes to programming. In learning programming, students’ misconceptions involve
syntax errors, improper semantic comprehension, and other challenges in the attempt to write correct programs [28].
Moreover, the age of the student, the programming language, the context of programming, the challenges of switching
from a native language to a programming language, a textbook that includes wrong information and mistakes, previous
learning experiences, and insufficient insight into the topic by the teacher are some factors that can develop or prevent
students’ misconceptions [29,30]. Previous studies developed some misconceptions [30,33] that could help teachers
develop their understanding (or lists or data banks) of their students’ misconceptions. For example, Altadmri and Brown
[34] in their study identified the 18 most common mistakes made by a wide range of beginners worldwide in the Java
programming language and classified them into three main types: misunderstanding or forgetting the syntax, type errors,
and semantic errors. In addition, Johnson et al. [31] identified seven first-year students’ misconceptions of Python
programming languages. Developing misconceptions is an important skill for teachers. To this end, this study strongly
recommends that teaching strategies for IP courses that include students' misconceptions of the content, is an important
measure to reduce students' frustration, failure, and dropout rates. It might also be helpful in designing an effective
learning and programming environment.

On the other hand, Cl is a specialized multiple-choice test designed to assess students' understanding of the basic
notions of a subject [35]. In this case, teachers and researchers are in accord that if students have a good understanding
of the basic notions, they should certainly understand all of the rest of the concepts in the subject [36]. The Cls are not
instructor assessments but are supplementary to the final exam. They reveal students’ misconceptions and help the
instructor identify struggling students' fundamental concepts and build his instruction accordingly. The multi-choice
item is a test composed of distractors and correct choice options, as shown in Fig. 1 [37]. Distractors reflect students'
misconceptions and come from analysis of results from exercises during lectures tutorial classes, or exams [37,38].
Thus, we recommend the following process, designed by Taylor et al. [35], for developing and validating reliable Cls: a)
Identify core concepts; b) Identify student thinking; c) Create multi-choice survey questions; d) Create forced-answer
tests; e) Validate test questions through interviews; f) Administer and conduct statistical analysis.

Question Statement

i) Misconception 1

ii) Misconception 2 Distractors

iii) Misconception 3

Correct iv) \

Fig. 1. Predicted anatomy of a concept inventory
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C. Learning Theory

The literature on pedagogy offers many theories and models that advocate or encourage teaching and learning
practices, such as behaviourism, cognitivism, and constructivism. Behaviourism is a theory of learning based on the
definition of the knowledge that needs to be acquired in terms of observable behaviours at the end of the learning
process [39]. Behaviourists believe that mental structures are like a black box to which we have no access and that it is,
therefore, more realistic and effective to focus on inputs and outputs than on the processes themselves. Behaviorism was
reproached for only sustaining lower-level thinking processes. But these processes are essential in most fields, for
example, coding demands repeated, and in-depth practice in the use of various programming concepts. Cognitivism is a
theory of learning that focuses more on mental processes and is therefore much more concerned with how we learn and
how our minds absorb, store, process, and access information [40].

The key principles of cognitive learning theory are as follows [39]: Learning is a process of organizing information
into conceptualized models; Instructions must be organized, sequenced, and, presented in a way that is understandable
and meaningful to the learner; Retention and recall are important for building patterns in the brain; The organization of
learning materials supports memory; Teachers need to provide tools that help the learner's brain process information. It
is a better vision than behaviourism, as it focuses on the mental process of knowledge acquisition by the learner.
Constructivism is a theory of learning that holds that students learn best when they actively construct their knowledge
[39]. It is based on the assumption that students are active learners, capable of developing their understanding of a
subject and applying it to new situations. Thus, the teacher's role is to facilitate learning by helping students learn how
to learn.

D. Explicit Instruction Method

Explicit instruction (El) is a teacher-centred method, unlike less structured models, which are student-centred and
based on the pedagogy of discovery. This method emanates from cognitivism theory, which focuses on the development
of intelligence and cognitive processes such as perception, memory, and thinking, as well as the resulting behaviours
[40]. Rosenshine defined EI as "...a systematic method of teaching with an emphasis on proceeding in small steps,
checking for student understanding, and achieving active and successful participation by all students” [16]. It is called
explicit due to its actions for designing and implementing instruction. With this method, teachers intentionally use a
variety of strategies to support students’ learning. They guide students throughout the learning process with detailed
explanations, demonstrations, and supported practices with feedback [41]. Its success is due to students’ deployed
efforts and the teaching strategies used by teachers. On the other hand, a strategy can be defined as a complex cognitive
or meta-cognitive operation that allows one to reach a given goal by employing a series of actions carried out
consistently or inconsistently [42]. The strategy will serve to carry out cognitive processes such as comprehension and
memorization. It is an effective instructional approach to promote the success of the greatest number and is
recommended for struggling, slow-paced, weak, and good students as well [15,43]. El focuses on teaching critical
content, and we assume that the implementation of El in IP courses can help overcome most of the difficulties
encountered by novices as non-computing students to enhance their motivation, mental model construct, commitment,
learning strategies, outcomes, etc. That is, offer clear and direct teaching techniques, providing explicit and
straightforward guidance to novice learners. However, implementing El in a teaching and learning situation can be
difficult. Therefore, for quality explicit teaching, we recommend the use of the ten guidelines suggested by Ben
Newmark, detailed here [44]. These principles do not constitute a definitive set of rules, but rather a contribution of
advice to teachers on how to achieve high-quality explicit teaching. Its key features include clear learning objectives,
teacher modelling, guide practice, gradual release of responsibility, structured feedback, repetition and review,
monitoring progress, and versatile application [16,40].

2.2 Related Works

This section discusses the teaching strategies developed over the years for IP courses to improve students’
motivation and engagement. For example, Horvéh and Javorsky [7] experienced the use of a graphical robot method in
a Java programming course and found that it is an effective way to promote students’ motivation in/out-class activities.
They argued that motivation stems from the fact that this teaching approach enables students to immediately see the
result of their efforts. The visualization of their results is a source of motivation for students. These students were future
informatics high school teachers, mostly with no prior programming experience. Analysis of the results of the
qualitative survey (interviews) revealed that lack of time, the mismatch between the teacher's explanations and the
student's comprehension, motivation, and the challenge of forming a group were the most common reasons for the
difficulties students encountered in IP courses.

In the same vein, Facey-Shaw et al. [11] using a mixed-methods survey design, evaluated the effect of
Gamification with the use of Digital Badges on students' intrinsic motivation in IP courses. The intrinsic Motivation
Inventory instrument was used to assess students’ intrinsic motivation. The quantitative results showed that digital
badges do not increase students’ intrinsic motivation while the qualitative results revealed the positive impact of digital
badges on students’ intrinsic motivation. Moreover, Jiau et al. [8] reported on a learning environment for simulated
programming that aims to support the implementation of game-based simulations and metrics and to improve students'
self-motivation. Through this environment, students learn basic programming skills by programming a game strategy
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that can win against the computer. After the game, the metrics indicate the effectiveness of the strategy and provide the
student with clues (feedback) to refine the strategy that could further enhance the result of the game. Other research
studies [45,46] have also pointed out gamification as a good strategy to enhance students’ motivation and engagement.

In addition, Souza and Bittencourt [9] analyzed, through a qualitative survey design method, the impact of using
problem-based learning (PBL) to improve students’ motivation and engagement in an IP course. Students’ motivation
was measured using the four categories of the ARCS motivation model, while students’ engagement was measured
using the Utrecht Work Engagement Scale. The PBL approach is an active teaching method derived from constructivist
theory that improves students’ skills in problem-solving and critical thinking. The results showed that the PBL approach
had a positive impact on students' motivation, especially in the categories of attention and relativity. On the other hand,
it did not have an impact on students’ engagement. Challenges encountered relate to the application of the method and
the selection of problems. Thus, the authors suggested a good design of problems and activities for their efficiency in
increasing students’ engagement and motivation.

Santana et al. [10], on the other hand, evaluated the impact of the mixed-context teaching approach for IP modules
on CS non-major motivation. This teaching approach combines the use of Scratch in the context of game creation, and
Python with both turtle graphics and image manipulation. The results showed an increase in students' motivation in
terms of all four categories of the ARCS motivation model. Besides, Hartanto et al. [47] work demonstrated that the
holistic approach improves students' engagement in an IP course. The holistic approach includes a set of activities such
as problem-based learning, learning by doing, building prior knowledge, learning by example, creating good student-
teacher communication, collaborative work, and providing feedback. In the same vein, Pabén and Villegas [6] presented
the partial result of the application of an integrated teaching approach in IP courses. This approach includes the
following elements: Python as a first programming language, project-oriented and problem-based learning, multimedia
resources, and assessment rubrics. This approach has been implemented by students at a university, in Colombia, and
data was collected from 2011 to 2017. The output showed that this approach has a positive impact on students’
engagement and performance as well.

On the other hand, Carbonaro [12] demonstrated the positive impact of peer review on student engagement, time
management skills, and competencies in a traditional IP course. Peer assessment is a good chance for students to assess
code, write and read comments, and see how fellow students are dealing with the same problem. Teachers can adopt
this method only when they are sure that students can be trusted and its outcomes can be reliable.

Notwithstanding the pertinence of the above-mentioned strategies to engage and motivate students in IP modules,
studies still report students’ failure and dropout in IP modules [48,49]. Furthermore, most of these strategies have been
heavily based on constructivist and socio-constructivist theories such as active learning, problem-based learning, peer
review, etc. Unfortunately, with the constructivism theory, students will need more time to solve problems, and learn to
solve them; they will commit more mistakes and feel much more frustrated. In the end, they will learn less. Thus,
constructivism theory implies minimal or unguided supervision during instruction, which seems to be much less
effective for novices [13]. In addition, the essentials of these strategies are aimed more at computing students than non-
computing students. For non-computing students, an earlier study from [1] recommended the development of a
cognitive teaching method. Therefore, the paper proposes a cognitive approach to teaching IP based on EIl to support
teaching and learning activities for non-computing students, which may improve their motivation, engagement, and
performance.

3. Proposed El-based Teaching Methodology

This section presents and discusses the proposed teaching methodology, which is a cognitive approach based on
the EI of the cognitivist theory [40]. This section answers the first research question defined in this paper.

3.1 EIl Method Process

The proposed EI method for IP modules is known as IPEI, which has iterative phases. Fig. 2 shows the phases
including reviewing, model-based programming teaching, guided programming, non-guided programming, and report
and transfer in our context. These are discussed as follows:

1) Reviewing: At this stage, the teacher will address Why... are students learning this. When... will it be relevant
to them? And Where... will students use these skills? This stage also includes a review of homework and
relevant previous learning, as well as a review of prerequisite skills and knowledge.

2) Model-based programming teaching: Modelling is a method of training self-management strategies for
understanding, where the teacher acts as a guide, explaining his or her behaviour when faced with a
comprehension problem. The teacher explains the source of his or her difficulty and the strategy used to
overcome the problem. The teacher also models effective attention and performance strategies for students.
Thus, this phase is more based on strategies deployed and steps followed to solve a programming task, which is
one of the main focuses when preparing the class lesson. The teacher offers through demonstration an
appropriate set of programming examples and non-examples to draw the line as to when to apply or not a skill,
strategy, concept, or rule [16]. The use of non-examples, in this case, might help students reduce inappropriate

Volume 17 (2025), Issue 1 5



Explicit Instruction-based Methodology for Teaching Introductory Computer Programming

uses of skills, and frustration faced when starting programming. During this phase, the teacher should introduce,
whenever possible, misconceptions, how he or she or programming experts proceed to understand
programming, and how they overcome the difficulties they have faced as well. Examples will progressively
move from daily life-based to mathematics-based problems to ease students’ integration, increase students’
motivation, and promote knowledge acquisition. During this phase, students must listen, not interrupt, and save
questions until an appropriate time. On the other hand, the teacher is advised to involve students as much as
possible through questioning.

3) Guided programming: In this phase, the teacher supports the acquisition of the strategy through explanation,
teaching, and modelling. In addition, following the principle of scaffolding, the teacher encourages
independent and autonomous use of the strategies introduced and developed during the modelling phase.
Students better learn strategies when they experience the role of the teacher and have to justify the importance
of using the strategies. These practical classes are assisted by the teacher and allow students to correct errors as
they proceed through immediate feedback. This phase aims to verify students’ comprehension and immediately
correct their misconceptions. This in turn will promote student self-confidence, satisfaction, and collaborative
programming. The activities are organized around the use of collaborative programming techniques described
as follows:

e The teacher gives a small programming problem to the students.

e The students individually take a few minutes to think about the solutions.

e Students are organized into groups of two or more, as they sit in the classroom, discuss and share their
thoughts, and come up with a group solution. To improve students' logical programming thinking, the
paper-and-pencil strategy (PPS) is required. The PPS is a handwriting technique that helps students solve
problems as computers do and guides them to illustrate their solutions in a diagram, table, symbols, etc.
[50]. On the other hand, during practical sessions, students sit in pairs in front of one computer and
implement their elaborated solutions. While one types the code, the second observes, corrects, and
improves the code quality. This situation has to be interchanged for the next activity or exercise.

e The teacher approves or redirects the groups' proposals. This interaction will help teachers identify
students’ misconceptions which will later ease the preparation of concept inventories. Again, these
misconceptions will also direct the elaboration of exercises that are closer to the student’s zone of
proximal development. These practices have to be continued until students master the strategies. But, if,
after many attempts, the strategies prove futile, the teacher should go back to the modelling phase or move
to the next phase.

4) Non-guided programming: This is an extension of the guiding practice phase, which is designed to promote
memory retention and personal skill development by allowing students to develop their understanding to the
highest possible level of learning mastery. These are programming activities that will allow students to work
independently, ie without any support from other students and the teacher. Like the guided programming phase,
these activities must be continued until students individually master the strategies. But if not mastered after
several attempts, the teacher should go back to the guided programming or the modelling phase depending on
his observation, or simply move to the next step otherwise.

5) Report and transfer: This is an evaluation stage where the teacher invites students to discuss what they have
learned. This discussion enables students to check their understanding of the strategy and its relevance in a
given context. This last element should enable students to discuss possible transfers of the strategy to other
contexts or disciplines.

Teacher-Based Teaching

r-] Interactive-Based Teaching
(Ido)

(We do)

Individual Programming Report and Transfer
(You do) (We do)

'LQ_ ¥ Epd A\ A
- sy | T

Non-Guided
A —————— —_— r
Programming

Fig. 2. IPEI framework

Strategy
Evaluation and
Meta itive

Discussion
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3.2 Discussion

As shown in Fig. 2, IPEI deals with the teaching of core programming concepts to novices based on strategy and
the construction of a knowledge scheme. IPEI starts each lesson with a short review and introduces new features step by
step. It then proceeds with guided activities followed by students working independently, and thereafter tests students’
acquisitions frequently to know what they have retained, not just to assess them. Therefore, IPEI places the teacher at
the centre, and its implementation requires the teacher to have quality preparation in terms of choice of concept, quality
of explanation, research on students’ misconceptions, the development of Cls, the choice of examples and non-
examples, etc. Incorporating misconceptions and Cl in the process of teaching IP would reduce students’ frustration and
discouragement, and later help the instructor have a good opinion of the student's understanding of basic programming
concepts. It sequences skills logically, focuses instructions on essential content, and provides a wide range of examples
and non-examples, primarily based on misconceptions of any kind. IPEI also allows the teacher, based on the results
observed in one step, to return to the previous step for further explanation. The collaborative programming activity
included in the IPEI stage is highly effective in promoting high-level cognitive skills in students.

Through this collaborative exercise, learners experience their limitations, inconsistencies, and beliefs. IPEI as an
instructional method satisfies the nine teaching events described by GAGNE [51]: Increase retention and transfer;
Assess performance; Provide feedback on performance; Highlight performance; Guide the learner; Present stimulus
material; Stimulate recall of previous knowledge; Inform the learner of the objective; Gain attention. It bounds all the
teacher’s and learners’ activities in the classes and can be applied in both lecture and practical classes, contrary to most
other methods [25,52,55] which base their methods on the coding part. IPEI acknowledges that programming is about
analysis, designing, coding, testing, and debugging. We assume that the implementation of this teaching method
supported by Ben Newmark’s principles [44] in any IP module would improve student motivation, engagement, and
performance.

3.3 Evaluation of the El framework

This section presents the experiment related to the application of the five steps of the IP-El framework to the
teaching of computer programming. The goal is to answer the second research question.

1) Experimental requirements: This explains how to run an experiment using the EI framework with first-year
non-computing students in an IP class. Its goal is to help determine the viability of such an experiment. Thus,
before conducting experiments, the instructor must adapt to the El framework's phases. The instructor must
engage in meticulous preparation, ensuring that they properly define the topic, goals, and anticipated outcomes
for the students throughout the session. Preparing from the literature or any other manner students’
misconceptions of the topic is also critical to the experiment's success. The experiment should cover the
programming concepts required to carry out the various stages of the IE framework. To ensure the experiment's
reliability and the students' effective presence, it will be carried out during regular class.

2) Context: The experiment with Group 1 involved first-year students as non-computing students enrolled in an
elective module entitled CMPG121, structured programming. Fifty-eight (58) students were officially
registered for this module. This module was delivered in the second semester of the 2023 academic year and
lasts around 12 weeks, with a load of 66 hours. It is divided into lectures and laboratory sessions and takes
place three times a week. The lecture lasts an hour and a half on the first two days (lecture session) and two
and a half hours on the last day (practical session). This course is taught using the C++ programming language.
On the other hand, the experiment with Group 2 involved first-year trainee teachers as non-computing students
who are being trained to become high school teachers later on. This second experiment was applied in an
introductory course to Python, which is a prerequisite for the module entitled INFO2122, Object-Oriented
Programming with Python, taught in the second year. This course has about thirty (30) students and was
delivered during the second semester of the 2023/2024 academic year. The course lasts two hours, with many
hands-on exercises, and takes place twice a week.

3) Intervention with Group 1: The experiments were conducted during lectures and lab sessions with the
participation of almost 45 students. At the beginning of each class, students were informed that the module
would have to follow an experimental new teaching approach, the steps of which are then described, and their
roles outlined. The reason for this is that students don't attend class regularly, so attendance lists are drawn up
at the end of each lesson. The concept we worked on during the two weeks of experimentation was that of
binary files. Before the experiment, we researched literature on students' misconceptions about binary files,
which served to prepare non-examples. The experiment was easy to set up because the framework is defined by
precise steps that are simple to follow. In the first day's implementation of the framework, which lasted an hour
and a half, it was not possible to develop all five steps, as we realized that the students were not paying enough
attention. This situation was observed during the modelling phase when the lecturer tried to involve the
students through questions. None of them was able to repeat what the developed strategy consisted of. But after
the teacher repeated the strategy, as they knew they were going to be questioned later, they became more
engaged. The next steps were implemented in the next class, where everything went smoothly. The other
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experiment sessions went smoothly as well. On the other hand, during the guided programming phase, groups
of 3-5 students were randomly formed with the students' agreement.

Intervention with Group 2: Fifteen students were randomly selected to take part in the experiment. The
teaching method was introduced to the participants at the beginning of the first class. Students' roles were
clearly outlined for each stage of the framework. The IF statement and For loop were taught in a week-long
experiment. Compared to the previous intervention, all stages of the teaching method were run throughout each
course session. Participants reacted smoothly and were engaged during the experiment, which recorded no
missed sessions.

Challenges: The challenges we faced when preparing the experiment with Group 1 were related to developing
a good strategy, and finding out about students’ misconceptions. We solved the strategy issue by introducing
the binary files with the problem-based learning technique [14], led exclusively by the lecturer. Some of the
most common misconceptions students have about binary files in C++ were identified by our programming
experiences as teachers because we couldn't find them in the literature. A further challenge was to develop
examples and exercises that matched students' interests. Indeed, most of these students were not interested
enough when the examples and exercises were based on mathematics problems, which led us to frame our
examples and exercises on problems from daily life. Another challenge was the lesson duration; there were
times when it did not cover all the EI framework phases, and in such a case, during the next class, we
continued with the remaining ones. From this experience, this makes more work for the teacher in preparation,
but when it is done right, the method seems easy to implement, and the impact on student motivation is real.
Unfortunately, in this experiment, we did not develop Cls. There were no major challenges related to the
Group 2 experience.

Impact: The IP-EI framework, with its five steps, frames and guides the teaching process from start to finish.
This experiment has shown us that it can be used as an effective technique for improving the traditional
teaching method in programming teaching modules. Indeed, many methods exist to improve teaching IP
modules, but the traditional method is still used by most teachers despite its inefficacy [56].

4. Survey on Students’ Motivation

4.1 Methodology

To answer the above-mentioned research question, we conducted a survey following a quantitative research
methodology, utilizing a structured questionnaire.

1)

2)

3)

4)

Participants: There were 49 randomly selected students, distributed as follows:
- 34 students from Group 1, as attested by the class attendance lists elaborated during classes. This sample size
corresponds to the exact number of students who attended all classes and agreed to take part in the survey
during the last experiment class.
15 students from Group 2, were randomly selected from the 30 students enrolled in the class.
Data collection and analysis: For data collection, this study distributed questionnaires to participants at the end
of the experiments. The 21 questionnaire statements were developed based on the Instructional Material
Motivation Survey (IMMS) [57]. As the IMMS statements have been developed based on the four components
of the ARCS maodel, our questionnaire therefore comprises four sections corresponding to each of the ARCS
model categories: attention, relevance, confidence, and satisfaction. Responses to the questions in each section
were based on a 5-point Likert scale: Strongly disagree (1), Disagree (2), Fairly agree (3), Agree (4), and
Strongly disagree (5). The data collected correspond to the responses of 49 students who completed the
questionnaire to assess the impact of the proposed El framework on motivation. On the other hand, we used
descriptive statistics to analyze the quantitative data collected, utilizing SPSS software.
Ethical considerations: Ethical clearance was applied for and approved by the FNAS ethics committee before
the research commenced. There were no cases of ethical violations.
Reliability of the scale: The internal consistency estimates for all 21 items of the questionnaire, as measured by
Cronbach'’s alpha, indicate a satisfactory level of internal consistency, with a value of 0.78 for the whole scale.

4.2 Results and Analysis

This part describes the analysis and results of the data collected. We answered research question 2 by considering
students' motivation across the four ARCS model categories, as well as each of the individual elements within these
categories (see Table 1). We analyze each unit's outcomes in the categories as follows:
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Table 1. Outcomes of the descriptive analysis of participants' motivation.

Code [ Criteria Mean | Mode SD”
Attention 3.88 4 0.81
Al The content has things that stimulated my curiosity 3.94 4 0.92
A2 The quality of feedback helped to hold my attention 3.69 4 1.00
A3 The variety of examples helped keep my attention 3.69 4 0.96
A4 The explanations were so abstract that it was hard to keep my attention 2.43 2 1.10
A5 The integration of misconceptions in the course content helped keep my 3.82 4 0.99
attention
Relevance 3.65 4 0.81
The way in which the content was presented conveyed the impression
R1 - . 3.73 4 0.91
that the related programming concepts are worth knowing
R2 The strategies developed during classes were useful to me 3.47 4 1.14
R3 The examples or exercises matched my interest 3.35 3 0.78
R4 The examples or exercises were all relevant to me 3.67 3 0.94
RS There were examples or exercises that showed me how programming 414 4 087
solves a real-life problem
Confidence 3.86 4 0.76
As | worked in pairs and individually as well on programming problems,
C1 - - 4.27 5 0.78
| was confident that | could learn programming
Cc2 | felt confident in solving a real-life problem 3.61 4 0.93
c3 After attending classes for a while, | was confident that | would be able to 365 4 0.97
pass a test or exam
I could not understand anything after multiple attempts working on
Cc4 ) 2 P 2.29 2 1.04
programming problems whether in pairs or individually
C5 The strategies were more difficult to understand 2.16 2 1.16
Satisfaction 3.94 5 0.97
s1 | enjoyed _the classes so much that | would like to know more about 373 4 0.97
programming
S2 This teaching approach improved my programming learning experience 3.49 4 1.12
S3 It was a pleasure to participate in such an experience 4.02 4 0.88
S4 Feedback provided during guided activities was well appreciated 3.71 4 1.04
Completing the exercises individually gave me a satisfying feeling of
S5 accomplishment 3.96 4 0.89
s6 Th|§ _teachlng _approach does not provide more satisfaction than 533 2 1921
traditional teaching

“SD: Standard deviation

1) Attention: This study assessed respondents’ attention based on five statements, and analysis of the results
presented in Fig. 3 shows that most participants agreed with the following points: the content has things that
stimulated their curiosity; the quality of feedback helped them hold their attention; the variety of examples
helped keep their attention; and the integration of misconceptions helped keep their attention. Conversely, with
an average score of 2.43 (SD = 1.10), the majority disagreed that the explanations provided during classes were
abstract and difficult to maintain their attention. According to the results in Table 1, the average attention score
is 3.88 (SD= 0.81), indicating that the majority of participants agree that the EI framework captivated their
attention.

20.0
10.0 \

Al A2 A3 A4 A5

= Strongly disagree Disagree ====TFairly agree emmmmAoree emmm=Strongly agree

Fig. 3. Attention.
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Relevance: This paper assessed participants’ relevance based on five statements. Analysis of the results
presented in Fig. 4 reveals that most participants agreed with statements R1, R2, R4, and R5, with the
following respective average scores 3.73 (SD = 0.80), 3.47 (SD = 0.91), 3.67 (SD = 0.94), and 4.14 (SD =
0.87). On the other hand, most respondents fairly agreed with the statement R3, with an average score of 3.35
(SD=0.94), meaning that examples or exercises need to be improved to better hold students’ interest and
relevance.

120.0
100.0

0.0 \
60.0
40.0
20.0
0.0

R1 R2 R3 R4 RS

e Strongly disagree Disagree = =====Fairly agree  emmmmmAoree == Strongly agree

Fig. 4. Relevance.

3)

Confidence: This study measured participants’ attention on the strength of five criteria, and an examination of
the findings as shown in Fig. 5 indicates that students mostly strongly agreed that the experience during the
guided programming step improved their confidence in programming. The analysis of the results in Table 1
shows in detail that participants mostly agree with C1, C2, and C3, with the following respective average
scores: 4.27 (SD = 0.78), 3.61 (SD = 0.93), and 3.65 (SD = 0.97). Regarding statements C4 and C5, the
majority of participants expressed disagreement, with the value of 2 being the most frequently mentioned.

C4

;

C1

0. 10.0 20.0 30.0 400 50.0 60.0

[=1

m Strongly agiee  mAgree W Fairly agree Disagree  ® Strongly disagree

Fig. 5. Confidence.

4)

10

Satisfaction: The examination of the results shown in Fig. 6 of the six criteria used to measure students’
satisfaction after the experiments highlighted that the majority of participants at least agreed with S1, S2, S3,
S4, and S5. According to the results in Table 1, the majority of participants rated these statements as 4. On the
contrary, most of them disagreed that the novel teaching framework did not provide more satisfaction than
traditional teaching, with the value of 2 being the most frequently mentioned.

Volume 17 (2025), Issue 1



Explicit Instruction-based Methodology for Teaching Introductory Computer Programming

S1
0.0 50 10.0 15.0 200 250 30.0 350 40.0 450 50.0
m Strongly agree  mAgree mFairly agree mDisagree  m Strongly disagree

Fig. 6. Satisfaction.

5) Correlation between ARCS model categories: The Pearson inter-factor correlation coefficients obtained show a
substantial positive link between all ARCS dimensions (see Table 2). The categories of relevance and
satisfaction have the strongest association (r = 0.561), whereas attention and relevance have the lowest (r =

0.414).
Table 2. Correlation between ARCS dimensions
Scale Attention Relevance Confidence Satisfaction
Attention 1 0.414" 0.478" 0.418"
Relevance 0.414" 1 0.528" 0.561"
Confidence 0.478" 0.528" 1 0.440"
Satisfaction 0.418" 0.561" 0.440* 1

*Correlation is significant at the 0.01 level (2-tailed)
4.3 Discussion

This part discusses the results concerning some difficulties encountered by non-computing students, as
documented in [1], and also discusses how the results align with or differ from previous research. An earlier study [1]
into the difficulties encountered by non-computing students in programming showed that they were not attentive during
lessons and were largely unconfident. As a response to this, the results of the previous section demonstrated that using
the IPEI framework overcame these difficulties, as it significantly improved their attention and confidence (see Fig.7).
This is probably due to the involvement of students through questions during the model-based programming phase and
the feedback they received during the guided programming phase. Similarly, the integration of peer programming
followed by individual programming in its stages is a positive contribution to teaching practices, and most participants
found it a great source of confidence. On the other hand, although most participants found the implementation of the
IPEI framework relevant, we note that a significant proportion of them fairly agree with the relevance of the exercises
capable of addressing their interests. Other research found similar outcomes [9]. On the other hand, Horv&h and
Javorsk [7] observe a frequent mismatch between the teacher's explanations and the students' understanding, indicating
a significant failure factor in education. The EI framework fixes this problem by looking at criteria R2 (mean = 3.47,
SD = 1.14) and R5 (mean = 4.14, SD = 0.87). Furthermore, our findings indicate that quality feedback is critical for
attracting students' attention (mean = 3.69, SD = 0.96) and increasing their satisfaction (mean = 3.71, SD = 1.04), which
is consistent with Jiau et al.'s [8] findings on the influence of feedback on students' self-motivation. Additionally, the
varying standard deviation values for the criteria in Table 1 suggest that the participants' answers are homogeneous,
implying that their responses are very close to the computed averages. As a result, the EI framework improves student
motivation in all four areas of the ARCS motivation model, as does Santana et al's mixed-context teaching method [10].
Unlike Souza and Bittencourt's problem-based learning technique [9], which solely affected the categories of attention
and satisfaction. Moreover, this novel framework provided satisfaction to participants, as most of them enjoyed the
classes so much, found the framework more efficient than the traditional teaching method, and were pleased to
participate in such a teaching experience.

The development of a novel teaching approach to boost the skills of non-computer science students in the IP
module has sparked renewed interest in computer science education [10,14]. This study contributes to this trend by
proposing a novel teaching framework based on cognitivist theory, which aims to influence the motivation of

Volume 17 (2025), Issue 1 11



Explicit Instruction-based Methodology for Teaching Introductory Computer Programming

non-computing students who primarily take this course as an elective. The efficiency of the approach is dependent on
the extent to which the instructor can effectively manage the time, prepare for the course, and successfully operate the
classroom. If the modelling stage is not well organized, for example, we have discovered that there will not be enough
time to finish the remaining framework stages. Despite the high levels of motivation demonstrated by the study's results,
further research is necessary to validate and enhance the findings. This testing should take place over a semester, with a
larger student population.

B Strongly disagree

30.0
Disagree

5.
250 H Fairly agree
20.0 B Agree
15.0 B Strongly agree
10.0

5.0 I I

0.0 n

Attention Relevance Confidence Satisfaction

Fig. 7. ARCS-model summary results

4.4 Validity Threats

To ensure that the validity of the results presented above is not compromised, several measures have been taken.
Our sample consists of 49 students out of a population of around 88, giving us a representativeness rate of 55.6%, which,
according to Lokesh's theory [58], is representative of the population, since this rate is higher than 20%. Moreover, to
avoid response bias, questions were asked about the various teaching activities that took place during the lectures. Also,
we were willing to provide and clarify certain incomprehensible questions. In addition, to avoid measurement bias,
responses were based on a 5-point Likert scale to accurately measure participants' consent. To ensure data quality, a
questionnaire was given to each participant, and only volunteer students were surveyed, those who were present for the
entire duration of the experiment. The results analysis showed that all participants answered all the questions, and we
are therefore confident in the quality of the results.

5. Impact and Comparison with Existing Teaching Methods

The IPEI framework is a novel approach to teaching introductory programming modules. Explicit teaching is the
foundation of this approach and has been very successful in the teaching of mathematics, foreign languages, and so on.
IPEI has five steps, and contrary to other IP teaching methods [2,4,5,8,42,55,57], bounds all the activities of learners
and teachers during classes. The IPEI approach can be used for both lectures and practical classes, which is not the case
with most available IP teaching methods that instead emphasize coding or problem-solving activities. Furthermore,
compared with traditional and other IP teaching approaches, IPEI focuses more on teaching strategies to better grasp
programming content and prevent shallow learning. For example, as stated by Malik et al., the traditional approach
favours surface rather than deep learning, as problem-solving or content comprehension strategies are not highlighted
[54]. On the other hand, the IPEI approach requires a lot from teachers before and during classes, starting with content
preparation, research and elaboration of misconceptions, and strategy preparation. The preparation of misconceptions
and strategies is not common to most existing IP teaching methods. Table 3 provides a comparison of
the IPEI approach with some existing IP teaching methods (rows in the table) based on some selected criteria (columns
in the table). According to Table 2, among other observations, all the pedagogical approaches use constructivism as a
learning theory and are aimed primarily at CS students, unlike IPEI, which uses cognitivism. This study assumes that
the IPEI approach can significantly boost the traditional teaching method used extensively in the teaching of
introductory programming modules.

Furthermore, the academic values of this study are as follows: (1) it addressed a significant gap in the existing
literature by focusing on non-computing students, as they are often overlooked in research [1,14], (2) it introduced a
cognitive-based teaching framework based on EI to provide a novel approach to teaching programming, and (3) it
involved students from two different universities, adding a cross-cultural perspective to the study and paving the way
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for more global and inclusive studies in the future. Similarly, in terms of application implications, the study enhanced
students' motivation, resulting in improved student engagement in IP modules. Educators can easily adopt the concrete
teaching strategies it provided in their classrooms. The proposed method could make programming more accessible and
enjoyable for non-computing students, potentially encouraging a more diverse group of students to explore computing
fields. The findings of this study could be used to inform curriculum development and teaching practices in IP modules,
particularly those with a diverse student body, including non-computing majors. Lesson plans and teaching materials
could incorporate our proposed teaching framework. In addition, the positive effect on student motivation could lead to
higher course completion rates and better student outcomes. In general, the study offers valuable insights that could
benefit educators and students alike.

Table 3. Comparison of IPEI with some IP teaching methods.

Teaching methods

Learning theory

Target population

Features

IPEI approach

Cognitivism

Non-CS students with no
prior programming or
mathematics experiences,
slow-paced students

Includes 5 steps and promotes motivation, and self-
efficacy. The teacher is active or a Facilitator. The
learner is active and passive depending on the step
we are in. The method can be used for both
practical and lecture classes and promote students’
motivation.

Traditional method

Behaviourism

All students

Promotes performance. The teacher is active and
the learner is passive. The method can be used for
both practical and lecture classes.

Low-level approach
[55]

Constructivism

First-year students

This approach is before the beginning of the
programming classes and promotes performance.
The teacher is the facilitator and the learner is
active. The method can be used for lecture classes.

Agile process

Constructivism

First-year programming
with no prior

Includes 4 steps with teacher feedback and
promotes motivation and engagement. The teacher

[56] roaramming experience is the facilitator and the learner is active. The
prog g exp method can be used for practical classes.
ADRI model Includes 4 steps and promotes more practice of
N/A CS students programming. The method can be used for both
[57]
practical and lecture classes.
Problem-based learning Promotes problem-solving skills, critical thinking,
(PBL) Constructivism CS students motivation and engagement. The method can be
[9] used for practical classes.

Mixed-methods survey
design (Gamification
with
Digital
Badges)
[4,40,41]

Constructivism

Mostly CS students

Promotes motivation. The method can be used for
practical classes.

mixed contexts teaching
approach

[6]

N/A

Non-CS (Civil
Engineering students)

Promotes motivation.

Holistic approach
(Python as the first
programming language,
project-oriented and

Promotes engagement. The teacher is the facilitator,

. . Constructivism CS and the learner is active. The method can be used
PBL, multimedia for practical and lecture classes
resources, and '
evaluation rubrics)
[6]
Promotes engagement and performance. The
Peer review Constructivism cs teacher’s role is not mentioned and the active
[8] learner. The method can be used for practical

classes.

6. Conclusion

In this article, we introduced a new way of teaching computer programming called the EI framework, designed to
boost the motivation of non-computing students. The EI framework, based on cognitivist theory, consists of five phases:
reviewing, model-based programming teaching, guided programming, non-guided programming, and report and transfer.
What sets it apart is that it can be used for both lectures and practical sessions, unlike other methods that mainly focus
on coding and are student-centric. Our approach, IPEI, is teacher-centric, offering significant guidance to students. Two
case studies were performed to gauge the new approach's effectiveness, using a questionnaire with 49 students in the
CMPG121 module at FNAS of the North-West University, South Africa, and INFO212 at the HTTC, University of
Yaoundél, Cameroon. The results showed that the EI framework positively impacted students' motivation in terms of
attendance, relevance, confidence, and satisfaction, according to the ARCS model categories. Despite these positive
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findings, there's a need to create exercises and examples based on real-life problems to engage students more effectively.
Investing time in preparing high-quality strategies and addressing misconceptions is crucial for better outcomes. This
paper contributes to CS education research by introducing innovative teaching methods to enhance student's skills in IP
modules. Future research should experiment with this method across various programming concepts in different
institutions to validate and improve the results as needed.
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