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Abstract—Programming is a difficult subject that requires high analytical skills to comprehend students. Various strategies are
introduced to improve difficulties in learning programming for students. This study examined four flipped classroom frameworks and
was triangulated with the findings of document analysis from 44 articles related to flipped classrooms in programming. The articles
were coded using five different codes emergent from the research questions. The coding produced 314 quotations related to the research
questions. The purposes of the flipped classroom are to prepare students before class, give extra in-class time, and create an active
learning environment in the classroom. The flipped classroom was implemented mostly in two phases: pre-class sessions and in-class
sessions, with individual and collaborative work activities. Ensuring the participation of students in the activities outside the classroom
is the biggest challenge in a flipped classroom, while preparing tools and activities is cumbersome to some lecturers. The pre-class
activities focus on the introduction and theoretical topic. The implementation of flipped classrooms reported improving students' skills,
competencies, and satisfaction in programming. The potential of exploring analysis and problem-solving activities in pre-class sessions
while strengthening students' knowledge in post-class sessions seems to be assured. A flipped classroom framework for programming
is proposed. The framework has three phases; pre-class, in-class, and post-class, with suggestions, activities, and motivational elements
to complement the conceptual and technical needs in programming using flipped classroom approach.
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experience by strengthening students' self-learning outside
I. INTRODUCTION the classroom [17]-[19] and active learning while in the
classroom [20]—-[22]. Active learning is one of the strategies

Programming is a systematic and scientific process that . . . .
that can improve students' understanding of programming

requires high analytical skills. Programming is also

considered a challenging subject for students and teachers [1]. [231],i1 . . L . . he flinped
Programming is also considered one of the biggest challenges ere 1s an increasing interest m using the flippe
in computing [2]. Various studies concluded that classroom (FC) approach in teaching among educators [24].

This situation is supported by advances in communication
information technology and the need for change in teaching
and learning. A few flipped classroom frameworks and
models are used as general guidelines in implementing FC in
teaching and learning [25]-[29]. However, there are still
shortcomings in terms of the implementation framework,
theoretical limitations, and empirical evidence of the
effectiveness of FC in teaching and learning [19], [29]-[31].
The study on the implementation of flipped classrooms for
programming was conducted through document analysis of
44 systematically selected research papers. The analysis
findings are used to answer some research questions that have
been constructed for the implementation of the study. A

programming is difficult to learn [3]-[9]. The difficulty in
mastering these programming skills stems from several
problems that previous researchers have identified. In solving
this problem, various strategies are used in teaching and
learning programming [10]-[14]. In general, the challenges
faced by students in programming are classified into three
main categories: syntactic knowledge, conceptual knowledge,
and strategic knowledge [15], [16]. Most of the problems
encountered are related to the level of existing knowledge
possessed by the students [16]. In contrast to traditional
teacher-centered learning methods, the flipped classroom
approach is a method used to enhance students 'learning
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flipped classroom framework for programming is proposed
based on the analysis findings. While identifying the suitable
frameworks for teaching and learning programming, four FC
frameworks and models were examined [25]-[27], [29]. The
study aims to provide a workable framework for the FC
approach in programming.

The use of FC was recorded in 1995 when a lecturer began
inserting his subject notes into a university computer network.
It is intended that the notes required to be read in advance by
the students before face-to-face meetings in class [32].
Subsequently, the flip approach expands and has been widely
used in various fields [33], [34]. The term ‘flipped classroom’
was coined by Bergmann and Sams, two high school teachers,
in 2012 [30]. Active learning has an active student
involvement in the learning process that takes place [35].
Active learning also increases student involvement in the
learning environment and improves the learning process as
well as outcomes from learning [36]. FC provides an
opportunity to create an active learning environment centered
on students outside the classroom as well as in the classroom
[37]-[40]. FC also enhances the programming experience
through active involvement in learning [18]. Through FC part
of the learning process will take place outside the classroom.
While learning in the classroom can be focused on more
effective  learning activities such as  correcting
misunderstandings about concepts as well as allowing
students to organize their learning [21], [22], [42]. In general,
FC is perceived to positively affect students' knowledge, skills,
and involvement in learning [25]. FC frameworks and models
have been used for various subjects and courses.

A. Murillo-Zamorano et al. [25] Theoretical Framework

Murillo-Zamorano et al. [25] have outlined the impact of
FC on students’ knowledge, skills, and engagement as in Fig.
1. FC directly impacts students' knowledge through active
learning involves. FC enhances students' ability to learn on
their own and, at the same time, increases their collaborative
ability in groups [31]. FC also has a positive impact on
students’ skills. Student engagement and accountability in
learning are higher than traditional methods [42].
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Fig. 1 Murillo-Zamorano et al. [25] Theoretical Framework

At the same time, FC allows students to apply their skills by
using learning materials such as videos under their control.
This situation allows the students to determine the learning
process outside the classroom independently. Skills
developed by students directly have a positive relationship to
students' learning engagement. This positive relationship
occurs due to increased understanding of the lesson content
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and the relationship through group collaboration. The positive
relationship between knowledge, skills, and engagement
gained through FC is directly related to students' learning
satisfaction. Fig. 1 is a theoretical framework developed by
Strayer [26], showing the relationship between FC and related
constructs in learning.

B. Strayer’s Flipped Classroom Conceptual Framework

Strayer’s flipped classroom conceptual framework is one
of the earliest frameworks introduced for a flipped-classroom
approach in teaching and learning. The rapid growth of
technological developments creates opportunities to turn one-
way learning methods into a more interactive learning
environment. The use of educational technology in delivering
learning content outside the classroom is the main idea that
FC incorporates in teaching and learning. Through FC,
students could experience the learning process with the
activities that are carried out by using technology. The use of
FC is made based on the idea to provide opportunities for the
active involvement of students in the classroom. This
framework lays two main constructs in the learning process
of using FC, namely activities and the use of technology. In
turn, this situation will affect the elements in the learning
environment. Fig. 2 is a theoretical framework to describe the
processes involved in learning through FC.
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Fig. 2 Strayer’s flipped classroom conceptual framework [26]

C. Strayer’s Theoretical Framework for The Universal
Principles for Flipped Instruction

The theoretical framework for the universal principles for
flipped instruction was introduced by Strayer [26] in 2017.
The interaction between the delivery of information outside
the classroom and the experience gained while in the
classroom are the benefits gained. FC enables students to
acquire early knowledge and strengthen their understanding
before and after class outside of the classroom. Active
learning is emphasized where students must take
responsibility for their learning outside or inside the
classroom. However, teachers need to prepare the students to
carry out the learning activities outside the classroom by
giving effective instructions while in the classroom. The basic
principle of FC is to increase students’ interaction actively
between students and teachers. Collaborative activities in the
classroom with peers for problem-solving are highly
emphasized. Activities outside the classroom can encourage



reflection and reaction from students to learning in the
classroom. Activities can also be designed to strengthen
students' understanding of concepts they have learned while
in the classroom. Classroom assignments are designed to
build new knowledge as part of the learning community with
classmates. Fig. 3 is a theoretical framework for the universal
principles for flipped instruction.
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Fig. 3 The Theoretical Framework for The Universal Principles for Flipped
Instruction [26]

D. Lo & Hew A Flipped Classroom Approach Model

Lo & Hew proposed two main parts of FC, namely
extracurricular and classroom learning as shown in Figure 4.
Outside classroom activities are focused on direct instruction.
The activities are carried out at the level of remembering and
understanding in learning taxonomy. Apart from watching
videos, activities such as reading on related topics in books
and articles, online exercises, and quizzes can also be done
outside the classroom [43], [44].
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Fig. 4 Lo and Hew A Flipped Classroom Approach Model [29]

Supported by online discussion

Online discussions will support the activities that have
been carried out. As for the classroom activities, group
learning activities will be focused on the application of
knowledge as well as more challenging problem-solving
involved. Among the activities are brief reviews, question and
answer sessions, individual exercises, group activities, and
summaries. Teachers and peers will assist with these activities.
The basic model of FC is developed, focusing on the primary
group of students (K12). Fig. 4 is the proposed flipped
classroom approach model.

II. MATERIALS AND METHOD

A. Purpose of The Study

The study aims to propose the FC framework for the
teaching and learning of programming. This framework is
intended to be used as a guideline in developing activities and
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materials for teaching and learning programming. Below are
the research questions (RQ) used in the study.

RQ1.What is the purpose of using flipped classrooms in

programming?

RQ2. How is flipped classroom implemented in
programming?

RQ3. What are the activities of the flipped classroom in
programing?

RQ4. What are the challenges and effects of the flipped
classroom in programming?

B. Document Analysis

Document analysis is a method used in analyzing data from
selected articles in the study. There are 44 articles related to
the implementation of FC in the teaching and learning of
programming, which has been selected systematically.
Document analysis is a replicable systemic research technique
and draws valid conclusions based on text or non-text material
in an appropriate context. Document analysis should also be
guided by clear research questions [47], [48]. Different codes
are used to facilitate the process of classifying quotations
accordingly. For the first research question (RQ1), the
purpose of FC in programming, the code Purpose is used. The
highlighted quotations about the purpose of using FC found
in the articles were put under this code. For the second
research question (RQ2), code Implementation is used to
gather relevant quotations on FC implementation in
programming. For the third research question (RQ3), the
activities involved in implementing FC code Activity are used.
For the fourth research question (RQ4), the challenges and
effects of FC in programming, code Challenge, and code
Effect are used. All 44 articles were analyzed, and the relevant
quotations in the articles were placed following the suitable
code using ATLAS.ti 8.

C. How Articles were Selected for the Research

The selection of related articles to the study was adapted
through the guidelines used by Preferred Reporting Items for
Systematic Reviews and Meta-Analyzes (PRISMA), which
involved four processes, namely identification, screening,
eligibility, and include. Searching for the document using this
method can produce articles related to the study. It also helps
to identify the criteria of articles accepted (inclusion) or
rejected (exclusion) in the search [47]. In the first stage of
article searching, three main electronic databases are used:
Scopus, Web of Science, and IEEE Xplore Digital Library.
These three databases also have an advanced search function
that helps search for articles specifically needed. In the next
stage, ACM Digital Library is used with Google Scholar to
review the articles that have been obtained through the
specified databases. Searches are limited to articles published
from 2010 to 2020. It corresponds to a maximum period of 5
to 10 years for articles used in systematic reviews [48]. The
selection of articles is made based on the type of article that is
from the journal or proceedings only. The selected articles are
also those that are published in English only. At the same time,
the selected articles are limited to the implementation of FC
in teaching and learning programming. Selected articles are
from the publication of various proceedings and journals.
However, no selected articles were published in 2010 and



2012. There are 18 articles from the journal and 26 from the
proceedings selected for document analysis in the study.

D. Data Coding and Analysis Process

The use of computer-aided qualitative data analysis
software (CAQDANS) helps classify, organize, and analyze the
data effectively, accurately, and more comprehensively in the
study [49]. Data from 44 articles were analyzed by using
ATLAS.ti 8 to facilitate the management of large amounts of
data. As for data validation, three quotations from each code
are randomly selected and given to two experts (rater 1 and
rater 2) for verification of citation selection. SPSS 20 software
is used to determine the inter-rater reliability of the data. The
Kappa value generated through the analysis is 0.7 for the 5
codes used to classify the quotations. Kappa statistical values
between 0.61 and 0.80 are accepted as substantial values,
while values 0.81 to 1.00 are accepted as almost perfect [50].
Based on the codes used to analyze the selected articles, 314
related citations have been identified from 44 articles.
Activity code has the highest number of quotations which are
36% or 113 quotations. Meanwhile, the Implementation code

has 34% or 108 quotations with the second-highest quotations.

Purpose code is 11% or 35 quotations, Challenge code is 10%,
and Effect code is 9%, representing 30 and 28 quotations,
respectively.

III. RESULTS AND DISCUSSION

Based on the quotations that have been categorized
according to code, further discussion is made according to the
constructed research questions. The following are the results
and discussions according to the sequence of research
questions.

A. The Purpose of Using FC in Programming

The introduction of a new strategy is usually to improve the
learning process or overcome difficulties in the previous
approach. The implementation of FC as a strategy also has a
similar reason. Quotations related to the purpose of FC are
identified in the selected articles. The quotations are placed
under the Purpose code. There are 35 quotations related to the
purpose, as in Table 1. The purpose of FC in programming
can be divided into two sub-categories, namely Pedagogy and
Others. Through FC, most of the time in the classroom is used
for activities that develop active learning amongst students
[51].

TABLE I
PURPOSE OF FLIPPED CLASSROOM IN PROGRAMMING

Categories Sub-categories f %
Pedagogy  Active learning 9 2043

Student-centered learning 6 13.62

Blended learning 4 9.08

Collaborative learning 2 454

Positive learning environment 1 227
Others A new learning approach 7 15.89

Extra time in the teaching and 5 11.35

learning process

Improving students' self-engagement 1 2.27

in teaching and learning
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Through FC as well, passive learning content is removed
from classroom sessions and provides extra time for active
learning activities [52]. In the pedagogical category, active
learning is the main purpose of FC in teaching and learning
programming, which is 20.43%. According to Yan and Cheng
[51], there is a pedagogical change from a teacher-centered
learning approach to student-centered learning. Students need
to perform pre-class activities such as watching videos or
getting information online to gain basic knowledge. Students
can watch or repeat the video at their discretion [18].
Meanwhile, face-to-face classroom sessions are used to carry
out activities that help the student strengthen and master the
knowledge [53]. The emphasis on the student-centered
learning process in FC has a second-highest purpose of
13.62%.

In FC, students will receive early exposure before class by
watching videos or accomplishing other activities related to
their learning. Face-to-face classroom sessions are dedicated
to problem-solving activities, feedback sessions, and
discussions [54]. The blended learning offered in FC is the
third-highest purpose FC is chosen which is 9.08%.
Collaborative learning activities that can be done through FC
are also the purpose of the approach used in teaching and
learning programming, which is 4.54%. Collaboration
between students occurs in learning activities in the classroom
[55], such as paired programming in a computer lab [56]. A
better learning environment and social interactions in paired
learning can increase students’ achievement, confidence, and
interest in programming [57]. A positive learning
environment exists when students have enough time to
conduct questions and answer sessions with lecturers and
discussion sessions with peers in the classroom [58]. During
a face-to-face session, there is more time because some of the
learning content has been covered before the class. FC is a
popular new learning approach that transforms traditional
learning methods into student-centered active learning
approaches [59]. As a new learning approach, it is also the
purpose of implementing FC in Teaching and learning
programming, which is 15.89%. A busy curriculum with a
variety of subjects makes it difficult for extra time to be
allocated for programming [60].

In the FC approach, part of the learning process is
conducted outside the classroom. This situation will provide
extra time in the classroom for learning through a variety of
more focused activities [53]. The increase in time that can be
obtained is also the purpose of introducing FC in teaching and
learning programming, which is 11.35%. The FC model
allows students to apply high cognitive skills in the classroom
through the teacher’s guidance. Students can monitor their
learning development based on the competencies that need to
be achieved in the process [54]. Self-involvement or self-
engagement is the purpose of FC in one study or 2.27%. In
general, the main purpose of selecting FC as a strategy in
teaching and learning programming is to create student-
centered active learning. Active learning is a new learning
method used to increase students’ involvement in the learning
process itself. Time constraints and lesson content that need
to be conveyed in the classroom are also problems FC can
overcome as part of the learning process is conducted outside
of class time. The extra time gained in the classroom can be
used to carry out active learning activities and reinforcement



of the lesson. Learning activities in FC can be implemented
before class, during class, and after class. However, the results
of the analysis found that most of the activities through FC are
carried out before class and during class. Discussions about
after-class activities are not much discussed based on the
results of the analysis.

B. Implementation of FC in Programming

Implementation is an important process in the newly
introduced approach. Strategic and planned implementation
can help the success of the newly introduced approach. One
hundred eight related quotations have been identified in the
excerpts placed under the code of Implementation as in Table
2.

TABLE II
IMPLEMENTATION OF FLIPPED CLASSROOM

Categories f %
Video 42 95.34
Online quiz 26 59.02
Presentation slides 5 11.35
Notes 4 9.08
Learning portal 3 681
Worksheets 3 6.81
E-book 3 681
Credits / extra marks for participation 3 6.81
Interesting learning environment 3 681
Collaborative activity 3 6.81
Animation / interactivity 2 454
Systematic explanations to students about activities 2 4.54
Video screening period/activities 2 454
Appropriate activities 2 454
Activities/quiz after watching video 2 454
System log-in records 2 454
Automate tasks reminder 1 2.27

Various tools such as videos, presentation slides, quizzes,
digital documents through various online learning platforms
have been used when implementing FC. In the FC learning
environment, students conduct self-learning outside the
classroom through video viewing and subsequently achieve
the student-centered active learning environment in the
classroom [61]. The use of video in FC provides various
advantages in teaching and learning that cannot be obtained
through conventional methods [62]. Learning content can be
viewed before class according to the time and appropriateness
of students' level of understanding [53]. The videos are
produced from personal recordings [63] as well as from the
internet and various sources [44], [58]. The suitability and
convenience obtained in the video have made it the most
widely used tool in FC, which is 95.34%. In traditional
learning methods, quizzes are used to test students'
comprehension quickly. Quizzes are also used as a method of
control as well as motivation for students to maintain their
focus when learning. Answers from quizzes are used to
measure students' understanding of new knowledge. Online
quizzes are used to test comprehension and also as a method
to ensure that students watch the video outside the classroom
[53]. There are 59.02% uses of quizzes as material in FC for
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programming. Currently, presentation slides are one of the
teaching aids that have been widely used in teaching and
learning. The use of presentation slides as material to be read
by students before class is 11.34%, while the use of learning
notes as material in learning before class is 9.08%. The use of
tutorial worksheets in the form of assignments that need to be
completed before class, reading from e-books, and
interactivity elements used as learning material have the same
percentage of 6.81%.

There are two types of motivation in learning: intrinsic and
extrinsic. Intrinsic motivation occurs in the satisfaction gained
from the learning process without external causes. On the
other hand, extrinsic motivation is the impulse of external
factors in performing activities to obtain a result [64].
Motivation to encourage students’ involvement in FC was
identified in selected articles. Motivation is important and
directly bears student learning attitudes and behaviors.
Motivation is also an important cognitive factor in
determining success in learning and positively impacts
programming learning [15]. FC motivates students to learn on
their own outside of the classroom and actively engage in in-
class activities. The learning environment created by FC helps
to enhance students' understanding. Giving credit points to
students who complete the pre-quiz before class can increase
some students' motivation [15]. At the same time, the marks
are given in self-training before class also increase students'
motivation in FC activities [65], [66]. To attract students to
watch the video at home, learning objectives for the next class
are given to the students before the class ends. Despite feeling
a little stressed in the new learning style, the students thought
they could learn faster and easier through FC [67]. This
situation can also motivate students’ involvement outside the
classroom. During classroom learning sessions, students are
actively involved in the inquiry and problem-solving
activities, constructing their knowledge, working with peers,
and reflecting on the learning process [68]. Collaborative
activities between students are encouraged while motivating
students to be actively involved in learning [69]. Students who
have completed their assignments are encouraged to help
friends who have not yet completed their assignments to
encourage positive interaction and communication [65].

Some control strategies have been reported in several
analyzed articles to ensure that students will perform planned
activities outside of the classroom. Several control methods
are used to ensure that students will be engaged in activities
outside the classroom. The control methods used are also
identified in these articles. As stated earlier, video is the most
widely used tool in FC. Several strategies are used as controls
in the use of video as the tool in implementing FC. Long video
viewing periods will distract the viewer. To overcome this
issue, video is limited to not more than 15 minutes so that
students do not lose focus [60]. Automatic reminder methods
are also used to remind students to watch videos before
attending lectures [18]. Students need to make notes that will
be submitted to the lecturer based on the video they have
watched, and answering a short quiz after watching a video is
also a form of controlling method [70]. There are also control
methods that are embedded in the platform or portal that is
used for learning. Students who are logged in to the system
will be recorded as their attendance. A specific period is also



set for uploading assignments through the system as a control
to ensure students log in to the system [71], [72].

Video is the most widely used tool; however, the usage of
the video should be appropriate in terms of the duration of the
content and relevance to the learning topics [43]. Based on the
study, the duration of the video screening should not exceed
15 minutes for each screening so that students can give full
focus to this view in line with the period recommended by
[58]. Furthermore, to ensure students’ involvement in
activities, especially outside the classroom, the lecturer used
elements of motivation and control. In conclusion, the
implementation of FC can be categorized under three
categories, namely tools (materials), motivation, and control.
However, the analysis of the documents that have been made
found that the description of motivation and control used in
FC implementation is limited to a few studies only.

C. The Activities of FC in Programing

Various activities before, during, and after class are
conducted in the flipped classroom approach. Pre-class
activities mean self-study done by students outside the
classroom. In-class activities refer to face-to-face activities
that take place in the classroom involving students and
lecturers. In comparison, the post-class activity is a self-
learning activity performed by students after class. Table 3
contains a list of FC activities in teaching and learning
programming carried out outside the classroom and in the
classroom.

TABLE III
ACTIVITIES IN FLIPPED CLASSROOM APPROACH
Phase Activities f %
Pre-class ~ Watching video 37 83.99
Online quizzes 15 34.05
Reading (notes, slides, books, etc.) 9 20.43
Completing tasks 5 11.35
Online discussions 1 227
In-class Active learning / collaborative 20 45.4
learning
Pair programming 9 2043
Quiz (online / offline) 8 18.16
Discussions in group 3 681
Post- Revision on learning material 3 6.81
class Peer discussion) 2 454
Exercises 1 227

most reported activity for in-class activities at 45.4 %,
followed by online or offline quizzes at 20.43 %. For post-
class activities, revision on learning material has the highest
number of reports from the study, which is 6.81%, followed
by discussions with friends of 4.54% and reinforcement
exercises of 2.27%. In general, the post-class phase is not
much discussed in most studies reviewed.

Alhazbi [15] reports some activities made during the
implementation of FC in learning. Students are divided into
several groups to complete a small programming project.
Students are also given case studies, and discussions in an
active learning environment between students are created.
Each student has a learning journal that is used to record their
learning progress. Formative assessments of students’
comprehension are made weekly to identify students’
performance. The effectiveness of implementing FC in
learning will depend on the activities that are being carried out
while in the classroom [73]. In contrast to traditional teacher-
centered learning methods, activities in FC emphasize
student-centered active learning and collaborative learning.
While in the classroom, lecturers need to increase physical
activity such as challenging games to solve problems, draw
diagrams, or create discussion sessions [58]. According to
Mohamed [74], pair programming is also good for encoding
activities. Weak students will be paired with skillful
programming students when performing coding tasks.
Students will switch roles as drivers or observers while doing
the coding tasks [74], [56]. Students will discuss exchange
views and ideas to complete the assignments. Typically
students do not encounter problems with learning materials
until they are asked to apply the new knowledge that they have
acquired to solve the problems [67].

D. The Challenges and Effects of FC in Programming

Challenges are the issues faced in implementing new
approaches and strategies in teaching and learning. The
implementation of FC in teaching and learning programming
also faces some challenges and limitations. The effects of FC
implementation in teaching and learning are also identified
through reports from the analyzed articles. Table 4 contains a
list of challenges faced and the effects of FC implementation
in teaching and learning programming.

TABLE IV
CHALLENGES AND EFFECTS OF FLIPPED CLASSROOM

In general, the teaching and learning of programming
through  conventional — methods involves lectures,
programming assignments, and written exams. FC transforms
the one-way approach to group learning into a directed
individualized learning method outside and inside the
classroom. Furthermore, students will be involved in dynamic
and creative activities that support an active learning
environment, such as peer-assisted learning, cooperative
learning, problem-based learning, group discussions, and
group problem-solving [58]. Watching videos was the most
reported activity in the study in pre-class activities at 83.99%.
The second highest activity was the online quiz at 34.05%,
and the activity of reading learning materials was the third
highest at 20.43%. Active and collaborative learning is the
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Categories Sub-categories f %
Challenges  Challenge to ensure student 9 2043
involvement in pre-class and post-
class activities
An additional burden for the 5 11.35
preparation of teaching and learning
materials
Students do not understand FC 4 9.08
learning methods
Problems from the materials used 4 9.08
i.e., video quality, time, material
limitations
Difficulties in planning active 3 6.81
learning activities
Lack of communication skills 2 4.54

between teachers-students / students




Categories Sub-categories f %
Higher cost to implement FC 1 227
Lack of infrastructure 1 227
Lack of skills in using technology in 1 2.27
teacher/student

Effects Improve the quality/environment of 8 18.16
programming learning
Improve test/examination results 15.89
Positive impact/motivation to 15.89
students in programming
Improve students' understanding and 6 11.35

self-engagement

The main challenge in FC is to ensure that students
complete pre-class assignments and activities before entering
the classroom which reported as much as 20.43% [74], [58],
[751,[76], [77], [78]. It is in line with the biggest challenge of
using the FC approach reported by [79] in their study. While
the process of preparing new course content requires much
effort, learning materials also need to be constantly updated
due to the rapid development of programming languages [18],
[65], [43]. Planning active learning activities in the classroom
also gives the lecturer additional challenges and extra
workload. This is reported as the second-highest challenge in
FC, which is 11.35%. Lecturers or instructors need to have a
systematic approach to ensure students’ involvement in pre-
class preparation [74], [58], [69]. Video is the most widely
used tool in FC for teaching and learning. However, one of
the disadvantages of watching videos in FC is that this activity
will be done alone [44]. The challenge is to make sure
students watch the video before class. According to [66],
instructions to students to watch videos outside the classroom
without a clear explanation resulted in students not doing
those instructions. Lecturers need to be creative and
innovative in planning the learning activities, especially for
activities conducted outside the classroom. Challenge from
students' understanding of FC learning methods and problems
from learning materials have the same number of reports of
9.08%. Another challenge reported were communication
problems between lecturers and students [80] which is 4.54%.
Lack of skills in conducting online learning by lecturers and
students. Lack of IT infrastructure to support the
implementation of FC and the quality of learning materials as
well as FC learning model is not yet well established [81].

There are various limitations in the implementation of FC
in teaching and learning programming that can be identified.
For active learning activities involving many students, the
assistant lecturer may be needed to ensure effective learning
happens in the classroom [74]. Some students are unaware
that learning content and activities that need to be done
outside of the classroom are also part of the learning process.
This situation indicates the need to explain flip pedagogy
clearly to students [65]. Usually, students who are unable to
complete their assignments in the classroom do not prepare
outside the classroom prior to attending the class [76]. Some
students still cannot adapt to the FC method and think that the
learning process is only through reading and completing the
assignments given by the lecturer. Weaknesses in
interpersonal skills among students as well as difficulties in
communicating in discussions or writing in online forums, are
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also some of the limitations [82]. At the same time, feedback
from students about the FC method used should also be
considered by the lecturer. However, the feedback is not
considered as the main source due to the limited
understanding amongst students about the content and
pedagogy of FC [43]. Without appropriate support tools,
lecturers need to take a long time to provide course content in
implementing FC. Appropriate support tools need to be
developed to help lecturers to overcome such limitations in
the future [71]. The quality and learning environment of
programming were reported to improve using FC (18.16%).
The use of FC improves examination results and positively
impacts and motivates students in programming. Both have
the same reporting percentage of 15.89%. FC also improves
student’s understanding and self-engagement which has a
reporting percentage of 11.35% [74], [58], [67], [70]. FC is
also found to improve students' collaborative skills and
computational thinking [78]. At the same time, the initial
preparations made by the students and the discussions in the
classroom enhance meaningful learning that takes place in the
classroom [18]. Activities outside and inside the classroom
help students to understand the concept of programming and
implement the concept during coding. In-class interaction
between lecturers and students through FC activities increases
the rate of students’ involvement and interest in learning [83].
FC enhances understanding of programming concepts and
increases students’ engagement which has contributed to a
positive impact on students’ achievement [84]. The FC model
also effectively enhances students’ engagement, interaction,
self-efficacy and attitudes. To all relevant elements are the
main components of instructional design which is the key to
the success of instruction in learning [78].

The study also reported increasing students' knowledge, in
theory, coding skills, and competencies [60], [54]. Compared
to traditional and FC methods, compared to students who
implemented FC [53]. The implementation of FC has
influenced students' attitudes and confidence towards
programming [51]. In FC also, students can individually
review topics that they had learned according to the suitability
of their own time, while lecturers may benefit from the time
in the classroom to focus more on real problems in learning
[43]. The use of FC strategies positively affects students'
attitudes and learning satisfaction. This condition has
increased students’ motivation and performance in
programming. Watching a video about a related topic can
improve skills and concepts in programming before attending
classes [44]. Overall there is a change in students’
achievement who received FC exposure as compared to
traditional methods [85]. Analysis of the study shows that FC
is suitable to be used and one of the potential strategies in
teaching and learning programming [86]. The results found
that FC can improve students' programming skills and coding
comprehension and help them learn more effectively with
better learning achievement [71].

E. Discussion on Findings

The development of a systematic learning environment
design is important to optimize learning activities outside the
classroom as well as in the classroom. Activities outside the
classroom can take place pre-class or post-class. In
comparison, activities in the classroom are face-to-face



meetings between lecturers and students. Previously, based on
the reports on the implementation of FC in programming,
learning content outside the classroom is more focused on
theory and a basic identification of sub-topics in programming.
Face-to-face sessions in the classroom are focused on more
difficult topics such as problem-solving analysis and program
coding. Out-of-class learning content for sub-topics involving
higher cognitive skills in programming can be enhanced
according to the appropriateness of learning. Reinforcement
and review activities made after class can enhance the
learning content. Tools are important in implementing FC in
learning, especially for activities outside the classroom. Video
is the most widely used material in FC. However, the duration
of the video should be appropriate to students’ ability to focus
on self-learning. An effective video screening duration is
suggested not to exceed 15 minutes for a single screening
period. As a control method, simple quizzes can be placed
between video showtimes or after the show. Other learning
materials used should also be appropriate to the learning
objectives. The development of materials should be done
according to the instructional design to provide an effective
and efficient learning process. Activities for learning before,
during, and after class are developed according to the learning
objectives and the sequence of complexity from easy to
difficult [28].

The main challenge that has been identified in the
implementation of FC is the challenge to ensure students'
preparedness before class and students’ ability to carry out
activities outside the classroom without the presence of
teachers. Elements of motivation, either in the form of
intrinsic or extrinsic motivation and control strategies, can be
used to overcome the challenges in FC. These elements of
motivation and control can be incorporated through the
materials and activities carried out. FC learning emphasizes
active learning in the classroom through a wvariety of
collaborative activities in pairs and groups. Pair programming,
group discussion, and problem-solving can be done while in
the classroom. FC also emphasizes the active involvement of
students in their learning process. The roles of teachers are to
build scaffolds and strengthen students' understanding of the
subject through discussion and criticism in learning activities
in the classroom. At the same time, pre-class activities are
built-in preparation before class, while post-class activities
are built to strengthen students' understanding. Active
learning is fundamental or core to the implementation of FC
in teaching and learning. Active learning involves various
collaborative activities, which is also an advantage in FC. In
constructivist theory, understanding and knowledge are built
through experience and reflection. Self-learning outside the
classroom and active learning through FC can improve
students' understanding and knowledge of programming.

Meanwhile, classroom sessions are focused on the level of
knowledge and skills. Classroom activities focus on problem-
solving skills as well as program coding. Students carry out
collaborative activities in pairs or groups according to the
suitability of the topics discussed. A study of the approach
used in programming subject found that co-operative learning
has the highest impact on improving achievement [13]. This
situation indicates the need to create more co-operative
learning activities during face-to-face sessions in the
classroom.
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There are several theoretical frameworks and flip learning
models that have been developed based on the needs of
various subjects [25]-[27], [29]. The Strayer [26] framework
describes in general terms the potential of FC in the learning
environment using technology. In comparison, the Strayer [27]
framework has more details about knowledge building to
students through activities and information gained by way of
flip learning. The Murillo-Zamorano et al. [25] framework
discusses various learning methodologies' flexibility and
adaptability to make FC a special learning method, especially
for new generation students. There are four main dimensions
in the FC framework of higher education, namely knowledge,
skills, satisfaction, and engagement, which can support the
successful implementation of FC in learning. Based on the
analysis of several studies that have been conducted, Lo and
Hew [29] have proposed a basic model of FC. This model has
a clearer description of extracurricular activities and
classroom activities. Out-of-class learning activities occur at
the level of remembering and understanding skills in the
learning taxonomy, while in-class activities focus on higher
levels of knowledge application skills and problem-solving at
higher or difficult levels. This model also describes the
support of online discussions outside the classroom and the
support of teachers and peers in the classroom. For learning
outside the classroom, this model suggests several activities
that can be carried out in general. In general, the basic model
of Lo and Hew [29] is suitable to be adopted as the framework
of implementing FC in programming. The selection of that
model is made based on the advantages and potential
enhancements as listed in Table 5.

TABLE V
ADVANTAGES OF LO & HEW MODEL AND PROPOSED ENHANCEMENTS
Advantages Enhancements
Suggestions for Out-of-class learning is broken

extracurricular and in-class
activities are stated.

down into pre-class and post-
class sessions.

Skill levels for The level of skills in learning
extracurricular and in-class outside and in the classroom is
activities are stated clearly stated.
Methods of support to Appropriate  activities  are
students are suggested. suggested in each learning
session.
Elements of motivation and

control are included in learning
activities.

The FC framework in programming is proposed based on
the improvements of the basic model of FC by Lo and Hew
[29]. The improvements made to this framework are also
based on the findings from the analysis of the relevant articles
that have been conducted. Through this framework, learning
activities will occur in three phases: pre-class, in-class, and
post-class. The learning objectives targeted at each phase are
different. The level of knowledge in pre-class level learning
activities is at the level of understanding and remembering. In
the classroom phase, the learning objectives are targeted at
building students’ knowledge and skills. Next, in the post-
classroom phase, the purpose of learning is to reinforce the
new knowledge and skills possessed. There are also
differences in the activities performed at each phase of



learning. The main activities in the pre-class phase are
watching videos, reading notes, and answering the quizzes
provided. While in the classroom, active and collaborative
learning activities are carried out, such as group discussions
and presentations, and problem-solving. Program coding and
testing activities are also carried out in the classroom
according to the suitability of the learning topic. In the post-
class phase, knowledge reinforcement activities are done
through video reviews watched, individual coding exercises,
completing assignments or quizzes.

Control is an aspect that needs to be considered in each
phase involved, especially in the pre-class and post-class
phases. In both phases, students will be doing the activities
without the lecturer's supervision. In the pre-class phase, the
control over students’ involvement in activities is controlled
through the log-in records into the learning system or portal.
Quizzes are also used as a control method to ensure that
students will watch the videos or read the necessary materials
as prescribed in learning activities. The control aspect of the
phase in the classroom is easier as there is a presence of the
lecturer during the activity. Control can be made by
monitoring students’ involvement in the activities and
attendance. Next, for the post-class phase, control aspects can
be made by observing students’ achievement in projects, work
submitted online, or physical assignment results.

Motivation is the most important element in determining
the success of a new approach introduced. Without motivation,
students will face difficulties during the implementation of FC,
especially when conducting the activities outside the
classroom without supervision from the lecturer. Among the
motivational elements used in the pre-class phase are
awarding points to participation in activities or additional
marks as an initiative to engage in activities. During the active
learning activities in the classroom, immediate feedback from
lecturers is used as motivation in the classroom. In the post-
class phase, the motivation used is the same as the motivation
in the pre-class phase. Fig. 5 is the proposed FC framework
for the programming.

PRE-CLASS IN CLASS POST CLASS
UNDERSTANDING KNOWLEDGE / STRENGTHENING
PURPOSE { REMEMBERING SKILLS
= watching video * discussion in = reviewing video /
reading notes group notes
.  guiz analysis and coding exercise
ACTIVITY »  selfleaming problem solving individual / group
*  pair programming * assignment/ quiz
peer assessment
TOOLS video / animation = sample questions = reinforcement
work based ’ ! case study » exercises
example teaching = work based = coding questions
materials examples
material
CONTROL log-in record pariicipation in achievement
quiz activifies exercises/ tasks/
attendant quiz submission
maenitoring
= involvement * acfive learning *  involvement points
MOTIVATION points = Instructor percentage of
percentage of feedbackl marks in the
marks in the responds course
course = percentage of
marks in the
course

Fig. 5 The Proposed Framework of FC in Programming

IV. CONCLUSION

The implementation of FC in teaching and learning of
programming can be the solution for some challenges and
limitations that have been identified in programming subjects,
such as time constraints, high cognitive load, and high

547

dependence on lecturers. Some limitations in this study were
identified as the analysis made was based on the selected
research papers that abide by certain criteria. There are
possibly other studies of flipped classrooms in programming
that were not selected in the search. The limitation of existing
frameworks and models of FC that are being used as
benchmark for the proposed FC framework in programming.
Further studies can be conducted to fill the content of the
proposed framework to facilitate the implementation of FC as
a strategy in programming.
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