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Abstract: Flipped Classroom as pedagogical model is a new trend in teaching and learning that is
applied when teaching STEM subjects at undergraduate level. This pedagogy involves, studying at
home the theory and practicing in the classroom. Therefore, increased in-class practical hours can be
achieved. This paper introduces the proposed Flipped Classroom based course design methodology
for programming courses and presents a pilot study that made use of the methodology when teaching
advanced programming concepts such as sorting and search algorithms as part of a programming
module at National College of Ireland. Students perception towards Flipped Classroom pedagogy
was instigated in terms of engagement and satisfaction. Majority of students confirmed that they
found that Flipped Classroom is more engaging than traditional classroom teaching and improved
their learning on the studied topics. The results also show that Flipped Classroom is effective in
teaching programming concepts and provides an enjoyable learning experience.

Introduction

With the latest technology advancements, the vast majority of the students have a computer or a mobile
device that can connect to the internet. They do also love to watch videos and access information on a daily basis.
Therefore, Flipped Classroom as pedagogical model is new trend in teaching and learning that is applied when
teaching STEM subjects at undergraduate level. FC is defined as “a pedagogical approach in which direct instruction
moves from the group learning space to the individual learning space, and the resulting group space is transformed
into a dynamic, interactive learning environment where the educator guides students as they apply concepts and engage
creatively in the subject matter” (Flipped Learning Network, 2014). Flipped classroom teaching method involves,
studying at home the theory and practicing in the classroom. Students are required to watch video lectures, to view
teaching slides, to listen to screencast and to read materials before coming to the class. Then, the class session is
devoted to effective learning tasks, practicing the basic knowledge acquired at home through group and individual
problem solving exercise, discussion, and experiments.

This new teaching approach supports student-centered learning, students become more actively engaged in
their learning process, can improve students’ self-learner skills (Mason, 2013), and develops problem solving critical
thinking, creativity, communication and collaboration skills. One of the key benefits of preparing at home is that
students can save their valuable class time for reinforcing content learned and clarifying any struggle they have
(Enfield, 2013). Although this new teaching approach has many advantages there are also many challenges to be
addressed such as developing materials for both online and in-class activities, preparing lecturer own videos and there
is no guarantee that students will do the assign homework.

Various research studies have investigated the benefits of applying flipped classroom, in different modules
such as computer networking (Chen, Wang, Kinshuk, & Chen, 2014), mathematics (Bradford, Muntean, & Pathak,
2014), statistics (Touchton, 2015), biology (Jensen, Kummer, & Godoy, 2015), or pharmaceutics (McLaughlin et al.,
2014). In the Computer Science domain, computer programming courses are considered to be very difficult.
Programming is a very useful skill and it is fundamental in computer science education. Various research (Alhazbi,
2016; Horton, 2015; Chis et al., 2018) has reported their experiences of using Flipped Classroom when teaching
programming skills. The results showed increased student attendance and higher engagement. However, there are no
clear guidelines and standards on how to implement this instructional model in teaching programming.

Karaca and Ocak (Karaca, 2017) have applied the Flipped Classroom approach to a computer science course
on algorithms and programming, in order to evaluate its impact on students’ cognitive load. The results showed that
the students from the flipped group had lower cognitive load than the students from traditional face-to-face classroom.
The main limitation of this study was that it was a bit narrow in scope by only looking to student’s cognitive load and
did not present other factors that may impact on their cognitive load.

The research work presented in this paper is part of the European Union Horizon 2020 NEWTON project
that focuses on design, development and deployment of TEL innovative educational solutions for all levels of



education, starting from primary to third degree institutions hosted on its learning management system, NEWTON
TEL Platform (NEWTELP). NEWTON Project’s innovative technologies include Augmented Reality and Virtual
Reality (AR/VR) (Bogusevschi et al., 2018), Virtual Teaching and Learning Laboratory (Ghergulescu et al. 2018;
Bogusevschi et al., 2019), adaptive and personalised multimedia and multiple sensorial media (mulsemedia) (Bi, et
al., 2018; Moldovan & Muntean, 2017; Moldovan et al. 2016), personalisation and gamification (El Mawas et al.,
2018a), interactive educational computer-based video games (El Mawas et al., 2018b). Different innovative
pedagogical approaches are also deployed as part of the teaching and learning process such as flipped classroom,
game-based and problem-based learning (Muntean et al., 2018; Muntean et al., 2017; Zhao et al., 2018; El Mawas et
al., 2018c; Muntean et al., 2017, Zhao et al., 2019). A multitude of Small and Large-Scale educational TEL pilots
have and are currently being carried out in different European schools and universities, assessing knowledge
acquisition benefits, learner experience, learners interest in STEM subjects, platform usability and teachers’ feedback
following the use NEWTON’s innovative solutions.

This paper introduces the proposed Flipped Classroom based course design methodology for programming
courses and presents results of a case study that made use of the proposed four stages based methodology when
teaching advanced programming concepts such as sorting and search algorithms as part of a programming module at
National College of Ireland. The purpose of this study was to investigate the perception of students towards Flipped
Classroom methodology applied in a programming module. The suitability of the proposed Flipped Classroom based
course design methodology to teach computer programming topics is also discussed.

Flipped Classroom based Course Design Methodology

This section provides a description of the research methodology and proposed course design methodology
that involved the use of Flipped Classroom pedagogy in the teaching process. Table 1 presents in detail the proposed
four stages based methodology to be followed when Flipped Classroom pedagogy is applied on a programming course.
The proposed methodology was applied in the teaching process of the Advanced Programming module delivered to
3" year undergraduate students.

Stage 1: Learning Management System Set-up
e A course management system (e.g. Moodle) must be used to provide access to videos, PowerPoint slides, in-class
activities, quizzes and other materials.
e Access restrictions are set-up on the provided materials to ensure sequential access (e.g. first, watch the videos, then
complete a mini- quiz and after that access to slides, samples of code and in-class activities is provided)

Stage 2: Educational Material Development
e  Short video lectures up to 5 minutes in length are created introducing the principles of a particular topic
e Other materials such as PowerPoint slides, samples of programming code, in-class activities, mini-quizzes are
also created.
L]
Stage 3: In-class Activities
e An online mini quiz is given to the students at the beginning of the class to assess students’ out-of-class
preparation and to provide feedback to the students on their learning
Brief review of out-of-class concepts studied is provided by the lecturer
In-depth concepts are taught by the lecturer and extra materials (e.g. slides, samples of code or pseudocode) are
provided to the students though the course management system
e In-class practical based activities are given to the students. Students may work in a group of 2-3 people or
individually on the given tasks
e The lecturer interacts with the students, provides instant feedback and assesses students’ progress.
Materials (e.g. videos) to be studied out-of-class for the next week teaching session are enabled in the course
management system before finishing the class. Students are reminded about out-of-class preparation

Stage 4: Students Feedback
e  An online survey that collects feedback from the students regarding their learning experience is provided in the
class at the end of a full cycle of flipped classroom pedagogy based teaching process
e  Survey results are used to adapt the materials and the in-class activities for the next cohort of students.

Table 1. Stages for Flipped Classroom pedagogy deployment on a programming course



The Flipped Classroom pedagogy was used to teach the following sorting and search algorithms: bubble sort,
insertion sort, linear search and binary search over a 5-week period. A set of two short videos, up to 5 minutes as
duration, was created for each of the four algorithms. Each set of videos explained the principle of an algorithm and
an exemplification on how the algorithm is applied in a real life scenario was provided.

Students were asked to watch the videos in advance of the class session that covered a particular algorithm.
They were allowed to watch the videos as many times they wanted. In return, classroom time was utilized by the
lecturer to explain the pseudo-code of the algorithm and to provide support to the students on the practical element of
the module using PowerPoint slides and samples of Java code lines. The students were given in the class the activity
to practice the implementation and testing of the algorithm and to raise and answer questions. The lecturer and two
teaching assistants provided constant support and feedback to the students during the class session.

Case Study Results

51 undergraduate students, 20% females and 80% males enrolled into Advanced Programming module part
of the BS(Hons) in Computing course, year 3 degree, provided by National College of Ireland, took part in study. The
module was delivered during Semester 1 of the academic year 2017/2018. Figure 1 and Figure 2 show the students
age distribution and what type of students are. 72% of the students were young, up to 24 years old.

Students Age Range Type of Students
2%

#1821 ®22-24 ®2534 =35-44 =45+

N

= School leaver = Mature student

= International student Other

Figure 1 Distribution of Students Age Figure 2 Distribution of Type of Students

The perception of students towards Flipped Classroom methodology applied in a programming module was
investigated through a questionnaire, provided at the end of the case study as part of stage 4 presented in Table 1. The
questionnaire consisted of 14 quantitative questions that assessed students’ opinion on problem solving skills, self-
directed learning, flipped classroom based learning environment, satisfaction, and engagement. Each question was
answered on a 1 to 5 Likert scale (1 — never, 2- rarely, 3-sometimes, 4- often and 5 — always). Questions that assess
learner engagement and satisfaction with the Flipped Classroom pedagogy are analysed and discussed now. The final
version of the paper will present an analysis of the other questions from the questionnaire.

Learner Engagement

Error! Reference source not found. Table 2 shows the distribution of the answers given by the students to
the 3 questions that have assessed student’s engagement when Flipped Classroom pedagogy was applied. The
aggregated result shows that the students rated their engagement, on average, at 3.83. The students rated the second
question that compares Flipped Classroom versus traditional teaching, on average, at 3.93 that is very close to option
4 - often. These results clearly show that the Flipped Classroom teaching approach applied in a programming course
does aid in engaging the students in learning.



Questions Responses
5- Always | 4 - Often 3 - Sometimes | 2 - Rarely | 1—Never

I regularly watch/ will watch again the videos 22% 37% 24% 14% 4%
The Flipped Classroom is more engaging than | 35% 39% 10% 16% 0%
traditional classroom teaching.

I felt more motivated to learn about sorting and | 33% 41% 14% 10% 2%

searching algorithms

Table 2. Students answers to questions on engagement
Learner Satisfaction

Table 3 shows the distribution of the answers given by the students to the four questions that have assessed
students’ satisfaction when Flipped Classroom methodology was applied. The aggregated result shows that the
students rated their satisfaction, on average, at 3.92. The answers given to the first question shows that 74%
considered that flipped classroom has improved their learning on sorting and searching algorithms and the average
rate is 3.95.

Overall, the results of the study show that Flipped Classroom pedagogy is suitable for teaching
programming concepts, engage the students in learning and is well appreciated by the students.

Questions Responses

5- Always | 4 - Often 3 - Sometimes | 2 - Rarely | 1 —Never
The Flipped Classroom has not improved my 4% 10% 12% 35% 39%
learning of sorting and searching algorithms.
Short flipped learning videos are more effective than | 31% 33% 24% 6% 6%
traditional face-to-face lectures.
I like watching the lessons on video. 45% 27% 16% 10% 2%

Table 3. Students answers to questions on their satisfaction with the Flipped Classroom methodology

Conclusions

This research paper presented a Flipped Classroom based course design methodology for programming
courses and investigated the use benefits of proposed design methodology when teaching programming concepts at
undergraduate students. A case study was run over a five week teaching period and made use of this methodology
applied on Advanced Programming. Students perception on Flipped Classroom based methodology applied in the
class was investigated through a questionnaire, provided at the end of the case study. Students feedback in terms of
enjoyment and satisfaction with the proposed teaching methodology was collected. Majority of students (84%)
confirmed that they found that Flipped Classroom technique is more engaging than traditional classroom teaching and
improved their learning on the studied topics. The results also show that Flipped Classroom is effective in teaching
programming concepts (88% of students confirmed this) and provides an enjoyable learning experience. This
methodology also supports the paradigm “create once, use many use anywhere” (Muntean et al., 2007), in terms of
educational content development. Therefore, we recommend lecturers to explore the possibility of utilizing this
teaching method.

As users (e.g. students) of educational and training services expect not only high-quality videos and efficient
educational material but also a perfect integration of the educational material with the day-to-day operational
environment (Muntean, it its word to be explored as future work user Quality of experience when accessing the video
clips from their own mobile devices (e.g. laptop, smartphone).
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