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Abstract—The emerging trend technologies imply the increase in the new 

role of the future of jobs. Most of them required Computer Science-related skills 

a lot, especially programming. However, there is a skill gap for it. Some previous 

studies showed that many students feel difficulties in learning programming. In 

the last decades, there are many approaches to improve student’s learning 

achievement through active learning methods. One of those approaches is the 

Flipped Classroom (FC) method. This study presents a systematic literature re-

view of the FC approach in the programming course. The aim of this study is to 

explore the strategy of FC implementation in the programming class. A total of 

32 papers from ACM Digital Library and IEEE Xplore Digital Library are se-

lected for this review. We found four types of implementation of FC in program-

ming, with the variations of the in-class or out-class activities. 

Keywords—Flipped classroom, inverted classroom, programming, literature 

review, computational thinking, future skills 

1 Introduction 

Now, we live in the 4th industrial revolution era. This era drives to a lot of emerging 

trend technologies such as Big Data, Artificial Intelligence, robotics, Blockchain, the 

Internet of Things, 3D printing, and autonomous vehicles. Those technologies change 

our current world and how we live today. They also imply the increase in the new role 

of the future of jobs, which more specific to answer the demand for those technologies. 

The role such as AI and machine learning specialist, Big Data specialist, user experi-

ence and human-machine interaction designer, and software and application developer 

and analyst, are some of the examples [1]. 

For several decades, higher education institutions have implemented Computer Sci-

ence (CS) curriculum. However, with the situation as mentioned earlier, there are many 

countries that aware of the importance of computer science-related skills for their future 

generation. Thus, they developed several initiatives to integrate CS into their primary 

and secondary school in the nation-wide curriculum [2][3]. 

The young people aware that technologies will affect their future. Among the top ten 

recognized trend technologies, the majority is related to computing [4]. Another report 
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shows that ASEAN youth believe that among the hard skills, the highly valued skills 

are the technology use (e.g., social media, e-commerce, and e-payment), as well as 

technology design (e.g., software programming) [5]. 

Even though people realize that some future jobs required CS-related skills a lot, 

especially programming, there is a skill gap for it. As mentioned in [5], most young 

ASEAN people believe that software design and programming is one of the essential 

skills for their future, but they are not skillful on it. This current situation confirms the 

results of some previous studies that students, even for the computer science’ students, 

feel difficulties in learning programming [6][7][8][9][10]. 

In the last decades, there are many approaches to improve student’s learning achieve-

ment through active learning methods. It is suitable for programming-related courses 

where students are required to practice more often [11]. One of those approaches is the 

Flipped Classroom (FC) method. In this approach, the in-class activities in the tradi-

tional approach inverted into out-of-class activities and vice versa, with the help of in-

formation technology. The common practice of this approach is the students watch a 

pre-recorded lecturer video at home, and then in the class meeting, they do a quiz or 

some assignments related to the subject they learned before [12]. 

This method becomes popular in the last two decades. Many works studied the im-

plementation of the FC method in a specific discipline such as economics [13], lan-

guage study [14], and chemistry [15]. Meanwhile, some studies only focus on review-

ing the FC implementation papers, such as [16] [17][18] [19]. Most of these literature 

review papers studied the FC implementation's articles in various disciplines. On the 

contrary, [18] only reviewed papers that discussed the implementation of FC in medical 

education. Unlike the other papers that analyzed the benefits and challenges of the FC 

implementation, [17] examined only the effect of FC on learning outcomes and student 

satisfaction. 

Based on the issues as mentioned earlier, the authors focusing this literature review 

only on papers discussed the adoption of the FC in a programming course. This study 

aims to answer some research questions to help us understand the practice of FC in 

programming classes. 

The followings are the further organization of this paper. In section 2, we elaborate 

on the method that we use to do this systematic literature review. Then, we present and 

discuss the results of the review in section 3. Finally, in section 4, we conclude and 

recommend some ideas for future work. 

2 Method 

We conducted this systematic literature review by adopting guidelines from [20]. In 

the following subsections, we discuss the detail of each step. 
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2.1 Research questions 

To obtain the objective of this paper, we define three research questions as follows.  

• RQ1: In which educational level, the FC most adopted in programming courses? 

• RQ2: How is the FC approach implemented in programming courses? 

• RQ3: What are the in-class activities and out-class activities that used in FC for 

programming classes? 

2.2 Search process 

The first author did all this process on 23rd January 2020. He searched on the leading 

academic databases in the field of computer science and information technology. The 

databases are ScienceDirect (sciencedirect.com), IEEE Explore (ieeexplore.ieee.org), 

and ACM digital library (dl.acm.org). The searching was done in abstract only, except 

for ScienceDirect since it does not provide an advance search to search only for the 

abstract. The search string for this process were: 

"flipped classroom" AND "programming", and  

 "flipped learning" AND "programming" 

2.3 Study selection 

The author filtered the results only for papers published between 2015 to 2019. The 

initial search resulted in 126 papers from three databases. The first author then exam-

ined the relevance of the resulting papers by defining the inclusion criteria that is "the 

paper must describe the evaluation or analysis of the implementation of the flipped 

classroom approach in the programming course." We apply the inclusion criteria for 

the abstract and then the full text. For the papers obtained from ScienceDirect, no paper 

matches our criteria. Therefore, we got only 32 papers to review from two databases, 

IEEE and ACM. Table 1. lists the searching results. 

2.4 Data extraction 

Table 2 shows all of the selected papers to review as the result of data extraction 

process. For each article, we identify: 

• The year of publication 

• The author(s)’s affiliation country 

• The level of education that the literature studied 

• The name of the programming course 

• The programming language used in the course 

• Mode of implementation 

• Number of meetings that implemented the FC approach. 
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Table 1.  Search results from three databases 

Database Initial results Relevant 

ScienceDirect 33 0 

IEEE Explore 64 24 

ACM Digital Library 29 8 

Total 126 32 

Table 2.  List of selected papers 

Ref. Year Level of 

education 

Course name Programming 

Language 

Mode of imple-

mentation 

Amount of 

meetings 

[21] 2018 UG Introductory Programming Python H Partial 

[22] 2015 UG OO Programming (OOP) C, Java H Partial 

[23] 2017 HS 
ICT 

Javascript (App 
Lab) 

SA Partial 

[24] 2016 UG Java Programming Java SA Partial 

[25] 2016 UG Introductory Programming 

Programming 
C++ SA Partial 

[26] 2015 UG Data Structures N/A SA Full 

[27] 2015 UG N/A N/A N/A N/A 

[28] 2015 UG OOP and Design Java H Full 

[29] 2016 UG 
Digital Game-based Learning 

WebGL (JS 

API)/Unity 
H Partial 

[30] 2015 UG Introductory Programming N/A H Partial 

[31] 2018 UG Introductory Programming C# H Partial 

[32] 2017 UG Introductory Programming Java SA Full 

[33] 2015 UG Java Programming Java H Partial 

[34] 2019 UG Programming, OOP, Software 

Engineering 
N/A N/A N/A 

[35] 2018 UG Data Structures Java H Full 

[36] 2016 UG Introductory Programming; 
Data Structures 

C and Java SA Full 

[37] 2019 UG C++ programming C++ SA Full 

[38] 2017 UG IOT Development (Advanced 

Programming) 
Java H Full 

[39] 2018 UG Introductory Programming; 
Data Structures 

C and Java SA Full 

[40] 2016 UG Foundations of Engineering 1 Mathlab SA Full 

[41] 2019 UG OOP C++ H Full 

[42] 2019 UG Web Programming PHP, JS H Partial 

[43] 2015 UG Java Technology Java H Partial 

[44] 2018 UG Introductory Computer Pro-
gramming 

N/A N/A N/A 

[45] 2015 UG Introductory Programming; 

Data Structures 
N/A N/A Full 

[46] 2016 UG OOP, web application Java SA Full 

[47] 2016 UG functional programming Java H Partial 

[48] 2019 UG Web Programming Java SA Full 

[49] 2017 UG Educational Programming 
Language (Scratch Program-

ming) 

Scratch SA Full 
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[50] 2017 M Programming Language N/A SA Partial 

[51] 2018 HS 
Introductory Programming 

Python and 

Ruby 
SA Full 

[52] 2019 UG Introductory Programming Java H Partial 

 

In this subsection, we elaborate on the demographic analysis of the selected papers. 

Most of the selected papers are conference proceedings articles (31 of 32; 97%), and 

only one paper (1 of 32; 3%) is a journal article. Fig. 1 depicts the distribution of se-

lected papers based on their publication year. As we can see from Fig. 1, there was a 

decline in the number of publications from 2015 until 2017. However, it was a relatively 

steady number from after 2017. On average, six papers per year studied the adoption of 

FC in the programming course. 

Based on the origin countries of the authors' affiliation, the selected papers coming 

from seventeen countries. Table 3. lists the distribution of these countries. The table 

also indicates the Worldwide Educating for the Future Index (WEFFI) 2019. The index 

evaluates the effectiveness of a country's education system in providing young people 

with future-oriented capabilities such as critical thinking, collaboration, creativity, lead-

ership, problem-solving, and entrepreneurship. The WEFFI 2019 comprises twenty in-

dicators of three thematic categories: policy environment, teaching environment, and 

socio-economic environment [53]. 

We use this index because it is more relevant to our case since programming is a part 

of the skills needed in the future. Therefore, we do not refer to the Education Index, 

which is part of the Human Development Index, as the index measures the education 

quality of a country in general. 

Among eight countries in the high score group of WEFFI 2019, only authors from 

four countries: Finland, Sweden, Singapore, and Canada, contributed to selected papers. 

Those countries, except Sweden, contributed more than one paper studied the FC in the 

programming course. Meanwhile, most countries of the authors of the selected papers 

(10 of 17; 59%) were included in the medium score group. However, the rest countries 

(3 of 17; 17%): Macedonia, Qatar, and Taiwan, are not listed in the WEFFI 2019. Spe-

cifically for Taiwan, it was listed as the 17th rank in the WEFFI 2018 and made it as 

one of the medium score group [54]. Surprisingly, Indonesia, that relatively less tech-

nologically advanced than China and India, ranked higher than both countries in the 

WEFFI 2019. Nevertheless, only one paper provided by an author from Indonesia. 
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Fig. 1. Number of selected papers by publication year 

Table 3.  Distribution of papers based on the authors' affiliation country 

Country Number of Papers Worldwide Educating for the 

Future Index 2019 

Brazil 1 51.9 

Canada 2 79.1 

China 3 53.8 

Finland 3 84.8 

Germany 1 74.9 

Hong Kong 2 73 

India 2 53 

Indonesia 1 57.9 

Japan 1 74.2 

Kazakhstan 2 57 

Macedonia 1 N/A 

Qatar 3 N/A 

Singapore 2 79.7 

South Korea 1 72.6 

Sweden 1 84.3 

Taiwan 4 N/A 

United States 2 61.4 

 

Regarding the course names and the programming language used in the selected pa-

pers, Fig. 2 and Fig. 3 depict the distribution of them. Almost half of the authors exper-

iment with FC for the introductory programming class. Other courses in the top 5, re-

spectively Data Structures, Object-Oriented Programming, Web Programming, and 

Java Technology. Meanwhile, Java dominates the programming language applied in 

the FC programming course. In the top 5, it followed by C++, Javascript, C, and Python. 
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Fig. 2. The list of course names in the reviewed papers 

 

Fig. 3. The programming languages in the reviewed papers 

3 Results and Discussion 

In this section, we present and discuss the answers to our research questions as fol-

lows. 

3.1 RQ1. In which educational level, the FC most adopted in programming 

courses? 

Even though Bergmann and Sams firstly introduced the FC at the K-12 level [12], 

our finding shows that most of the studies conducting the FC at higher education level 

(91% at the undergraduate level and 3% at the graduate level [50] ). Conversely, only 

two papers ([23] and [51]) show the implementation at the K-12 level, more specifically 

for high school students (see Fig. 4). 
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This finding is supported by [55]. It mentioned that there are not many articles that 

study the implementation of the FC at the K-12 level. Another reason that supports this 

finding is that some studies show that the ability of students of higher education in terms 

of self-regulation, restraint ability, independence, and responsibility in learning, are 

more reliable than K-12 students [56][57][58]. It is well-known that FC requires those 

capabilities in the learning process [56] [59][60]. 

3.2 RQ2. How is the FC approach implemented in programming courses? 

As far as our knowledge, there is no literature review discussing how the FC is im-

plemented. In this study, we review this condition based on two characteristics: the 

mode of approach and the number of the course meetings that performed using the FC. 

 

Fig. 4. The FC implementation in various education levels 

In the mode of approach, we analyzed and labeled the papers either as a single ap-

proach (SA) or a combination with another method (Hybrid/H). It should be noted that 

a SA implementation means that the course implementing the FC without combination 

with another approach but could be a complement of the traditional method [23][24]. 

On the other hand, the hybrid applying the FC with another strategy, such as project-

based learning [38][42], problem-based learning [29][41], or collaborative learning 

[22][52]. As we can see from Fig. 5, we can analyze the mode of approach from most 

of the reviewed papers (88%). Among them, the studies that are implementing the SA 

share the same proportion with the others that adopting the hybrid. 

Meanwhile, for the number of course meetings that are performed using the FC, we 

classify the papers into two categories: partial and full. Partial means the FC is only 

applied for several sessions[31] [47], while the full means it is implemented for all or 

most of the meetings [35][37]. Commonly for the partial implementation, the FC was 

implemented between four and seven sessions. Fig. 6 shows the proportion of the papers 

based on this category. We can recognize that the portion of the full implementation 

slightly more dominant than the partial one, but both relatively almost the same. 

Since the ratio in both characteristics is relatively the same, we found a pattern that 

shows a relationship between both attributes. Therefore, we classify the mode of the FC 

implementation into four categories, as depicted in Fig. 7. 
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Fig. 5. Distribution of papers based on the mode of approach 

 

Fig. 6. FC implementation based on the number of meetings 

Followings are the four groups of the implementation's form: 

• Pilot implementation: In this mode, the FC is implemented as a single approach 

mode and for only a partial number of meetings. Usually, it is a pilot project imple-

mentation to study the feasibility of the approach. Mostly used as the complimentary 

of the traditional method. 

• Solitary implementation: This mode implements the FC as one and only approach 

for the whole meetings. Several works with this implementation mode presented 

their evaluation of the repetitive FC adoption in several semesters or academic years. 

For example, [36], [39], and [51]. 

• Mixed implementation: This form of implementation shows us the combination of 

the FC with another approach in several meetings. 

• Fused implementation: Similar to the mixed mode, the fused also blending the TC 

with another approach. However, it is for full meetings. In this mode, the other 

method was implemented as a variation of in-class or out-of the-class activities. 
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3.3 RQ3. What are the in-class activities and out-class activities that used in FC 

for programming classes? 

The essential thing in FC is the activities, both in-class and out-of-class activities. 

Hence, we provide an analysis of the FC activities in the programming course used by 

the researchers of our selected studies. We hope this can give insight and guidance for 

the teacher who teaches the programming class. 

As listed in Table 4. , the top five in-class activities in the programming course are 

hands-on-experience (40,63%), small briefings (25%), quizzes (25%), assignments 

with teacher assistance (21,88%), and questions and answers (18,75%). There are sev-

eral reasons for these findings. First, in the programming course, practicing to develop 

a program or application is more crucial than only focusing on understanding the lan-

guage syntax [25] [28]. Therefore, the use of practical experience and programming 

assignments could improve the skill of the students. Moreover, through programming 

assignments, it could help the students to develop their problem-solving skills [48] and 

stimulate their ability for self-learning [51]. 

Second, through quizzes, the students are motivated to prepare before joining the 

class. Hence, they would understand the concept of programming or the syntax of the 

programming language they would use in the practical session or the programming as-

signments. It also helps the teachers to obtain a general overview of the students' un-

derstanding of the subject. If there is a misunderstanding in the concept, the teachers 

can revise it through the small briefings or the questions and answers activity [24] [30]. 

Regarding activities outside the classroom, information or knowledge transfer in FC 

is mostly conveyed via video. Even [61] stated that to comply as an FC implementation, 

we must use lectures video. However, as we can see in Table 5. , the out-of-class activ-

ity in the FC in programming is varied and relatively share the same percentage. The 

most activity in this group is watching videos. However, no more than 60% of research-

ers employed it. In line with the finding of [16], another activity that quiet a lot be used 

is the quiz (34%). Interestingly, several tasks relatively share the same percentage be-

tween 15% and 19%. Those activities are readings, online modules, self-exercise, as-

signments, and interactive tutorials. 

Instead of using videos, [37] only used readings assignment for their FC implemen-

tation. They argued that this activity helps the student to develop their life-long-learning 

skill. In the software development area, the developers should be familiar with reading 

e-books, manuals, or documentation relating to the technology they used, which is rap-

idly changing. 
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Fig. 7. Quadrant classification of FC implementation mode 

The use of online modules, which integrates videos, self-quizzes, and programming 

assignments, helps improve student learning [32]. Almost similar to the previous one, 

interactive tutorials comprise of animation, interactive tools, questions set, and embed-

ded homework. This kind of activity encourages students to learn by doing, which is 

known to be more effective for programming education that requires the students to do 

more practice. There are also online platforms that support interactive tutorials for pro-

gramming education, such as zyBooks and openDSA [48]. 

It should be noted, most researchers use more than 1 activity for either in-class or 

out-of-class activities in their implementation. On average, they employed 2-3 variation 

activities for their programming class. This finding aligns with the suggestion to use a 

few activities during the FC implementation. 
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Table 4.  In-class activities in FC for programming course 

Activity Frequency Percentage 

Hands-on experiments 13 40,63 

Small briefings 8 25,00 

Quizzes 8 25,00 

Assignments with teacher assistance 7 21,88 

Questions and answers 6 18,75 

Discussion 5 15,63 

Problem solving 5 15,63 

Students' presentations 5 15,63 

Feedback 4 12,50 

pair programming 4 12,50 

Group discussions 4 12,50 

Small group activities 3 9,38 

examination 2 6,25 

Reflection 2 6,25 

Concept mapping 1 3,13 

Audience responses (Clicker) 1 3,13 

Group projects 1 3,13 

Assignments 1 3,13 

Collaborative group work 1 3,13 

Table 5.  Out-of-class activities in FC for programming course 

Activity Frequency Percentage 

Videos 18 56,25 

Quizzes 11 34,38 

Online modules 6 18,75 

Self-exercise 6 18,75 

Readings 6 18,75 

Assignments 5 15,63 

Interactive tutorials 5 15,63 

Writing 1 3,13 

4 Conclusion and Future Work 

In this study, we conducted a systematic literature review on the implementation of 

the flipped classroom method in the programming course. Recently, there are many 

initiatives from the government of the world to integrate the computer science curricu-

lum, especially programming, into their education system, even from the very entry-

level. However, our research found that there have been little endeavors to practice the 

FC for programming in the K-12 education level. We think we need to extend the re-

search on this method for this education level, as there are many potentials that can be 

explored to achieve the advantages of the approach. 

Our research uncovers four modes of FC implementation. Hence, it is interesting to 

conduct future research that investigates how those modes can assist in the strategy of 
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FC implementation. Moreover, future studies can examine the distinction among those 

modes in the matter of effectiveness and efficiency of FC utilization. 

As we know, the programming course requires students to have more practice time 

to master the skill. We recognized that most in-class activities in this study related to 

practical activities instead of active learning activities. We believe this situation will be 

the same for the other engineering subjects. However, to provide more evidence, future 

researchers can examine it for courses with similar characteristics to programming. 

Many works suggest the use of video lectures to help students prepare themselves 

before the class. Still, in the context of programming class, we should consider the ac-

tivity involves a more active process. For example, we can utilize online modules or 

interactive tutorials, as exhibited by this study. Moreover, we can also consider the use 

of another interactive technologies such as eye-tracking [62] and brain-computer inter-

faces [11], [63]. We recommend studying the development of this process model and 

its learning effect for the FC class. 
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