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Abstract 
A recurring issue we observe with traditional teaching methods in basic software engineering courses 
at KU Leuven is poor engagement of students that may result in superficial knowledge. To investigate 
and tackle this issue, we designed a responsibility-centered learning approach using flipped classroom. 
Flipped classroom is a pedagogical approach that has shown to enhance student engagement in the 
learning process. We designed a flipped classroom approach centered on enhancing student’s 
responsibility in the learning process, targeting the specific challenges of poor engagement of students 
in the courses. The approach combines guided self-study of the learning material with student-driven 
elaboration of the material during deepening sessions. We have applied the approach in a basic 
software engineering course in two academic years. Student feedback of the first year indicated that 
the workload was perceived too high, so we adapted the approach for the second year resolving this 
issue. The experience shows that flipping the classroom had no direct effect on study results, but, by 
making students owners of the learning process, they report that the approach fosters their 
engagement and enables them to obtain deeper understanding of the course material. 

Keywords: Undergraduate education, software engineering, student engagement, flipped classroom, 
responsibility-centered learning.  

1 INTRODUCTION 
Student engagement, which is defined as the intensity and emotional quality of student’s involvement 
in initiating and carrying out learning activities, is an important predictor for academic performance 
[19][20]. However, at KU Leuven, we observe that student engagement in bachelor program courses 
is often low, which may lead to superficial knowledge of students. Interactions with colleagues at other 
universities have indicated similar issues. The question is then: how can we increase student 
engagement? Research has shown that the educational context, e.g., interactions with the teacher 
and other students, can affect engagement and achievement, see e.g., [21]. Moreover, a good fit 
between the students and their educational environment is considered key in the transformation of 
student abilities into actual achievement, see e.g., [22]. One important approach to increase this fit 
between students and their educational context is flipped classroom. Flipped (or inverted) classroom is 
a pedagogical approach that originates from principles of active learning introduced by A. King in 1993 
[1]. In a flipped classroom, the activities that traditionally take place inside the classroom now take 
place outside the classroom and vice versa [10]. By using this more active form of teaching, benefits 
have been found, such as: enhanced engagement and effective education through student-student 
and student-teacher interactions [5], quick anticipation of misconception enabling timely and directed 
feedback [12], improved understanding of the learning material [6], development of high-level learning 
objectives [11], and support for students to become more responsible learners [6]. Some criticisms 
have been raised as well, including the need for sufficient maturity of students in order to develop 
personal responsibility [7], debate about the effectiveness of instruction delivery through videos [8], 
and increased preparation time and effort for teachers [9]. Recently, flipped classroom had gained 
increasing attention in higher education; see for example [2][3][4]. This also applies to computer 
science and software engineering in particular; see for example [13][14][15][16][17][18]. To investigate 
and tackle the issue of poor student engagement in our Bachelor program, we introduced a flipped 
classroom approach that we applied in a basic software engineering course of the program over two 
academic years. Whereas flipped classroom is often implemented by students taking online videos 
before the lectures and then applying the obtained knowledge during lectures, we designed a different 
approach centered on enhancing student's responsibility in the learning process. In doing so, we 
aimed at tackling the specific challenges with poor engagement of students in bachelor courses.   
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1.1 Context  
KU Leuven offers a masters program in Computer Science with specializations in software 
engineering and secure software. Admission to this program requires a bachelor degree in Computer 
Science, which is offered at the main campus in Leuven and a smaller campus in Kortrijk. The classes 
in Leuven usually have 100+ students, while the classes in Kortrijk are smaller, typically 10 to 15 
students. The bachelor program corresponds to 180 ECTS credits (European Credit Transfer and 
Accumulation System); one ECTS credit corresponds with an average study time of 25 to 30 hours. 

The bachelor courses are mainly taught using traditional methods, in particular classroom lecturing 
combined with exercise sessions and project-oriented tasks. Over the years, the teaching staff 
observed a recurring issue with the learning process: poor engagement and commitment of students 
in their study, which in turn may lead to superficial knowledge of the learning material.  The effects of 
lack of deep knowledge often appear only in later stages, especially during the research-oriented 
project in the final year of the master program that requires solid knowledge of basic bachelor courses. 
The course for which we introduced the responsibility-centered learning approach is part of the 3-
years bachelor program in Computer Science offered at the campus in Kortrijk.  We designed and 
implemented the flipped classroom approach for the Operating Systems (OS) course, which is a 6 
ECTS course that is taught in the second semester of the first year of the program.  

Before the introduction of the flipped classroom approach, this course comprised 13 classroom 
lectures of 1.5 hour each, complemented with 6 guided exercise sessions of 2.5 hours each. The 
evaluation consisted of an oral exam at the end of the course. Throughout this paper, we use excerpts 
of the OS course to illustrate the flipped classroom approach. 

1.2 Responsibility-Centered Learning  
Responsibility-centered learning aims at enhancing students’ engagement in their study and ultimately 
enabling them to become owners of their learning process. It is important to note that our approach 
targets classes with 8 to 15 students. Figure 1 shows a high-level overview of the approach. The 
course is organized in cycles, each cycle covering a well-defined part of the course.  

 
Figure 1. Overview of responsibility-centered learning approach. 

A cycle comprises different activities (marked in gray shaded boxes in Figure 1). These activities are 
organized over a period of about two weeks. Table 1 shows a typical plan of the main activities within 
each cycle. We explain the different activities more detailed below.  

Example. The OS course comprises six parts: an overview part on general concepts of operating 
systems, and five specific parts, covering five subjects: process management, synchronization and 
deadlock, memory management, storage management, and protection and security.  
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Table 1. Organization of the activities per cycle. 

Days Responsible Activity 

1-3 Docent Define specific goals; identify corresponding basic and facultative topics; plan 
the cycle; prepare and make focus material available via the online platform 

1-14 Students Guided self-study of the course material for the part; prepare facultative 
summary material of basic and facultative topics for this part 

7 Students Prepare and submit discussion items 

8 Docent Group discussion items in moderation themes and announce them 

10 Students Submit preferences for moderating themes during the deepening session 

11 Docent Announce the allocation of themes to moderators 

12-13 Students Prepare moderation material for the deepening session 

14 All Deepening session  

17 Students Update and submit the moderation material and the facultative finalized 
summary material of the basic and facultative topics for the part 

18 Docent Share the moderation material of this part via the online platform 

+18 All Guided exercise sessions for a number of specific parts  

+18 All Individual feedback sessions after every two deepening sessions  

1.2.1 Goals 
The general goal defines the overall objective of the course. The docent refines the general goal in 
specific goals that are associated with different parts of the course. The concrete goals determine the 
required learning outcome for that part of the course. 

Example. We defined the general goal of the OS course as:  

Acquiring deep insight in the concepts and principles of operating systems through active 
knowledge acquisition and engagement in the learning process. 

Providing concrete goals is essential for students to guide their study. The concrete goals are defined 
using the taxonomy of Bloom [24]. This taxonomy classifies learning objectives by complexity, 
whereby the higher levels can be acquired after the lower levels are mastered. The first three levels 
are ‘remembering’, ‘understanding', and ‘applying’ respectively. The next three levels, the so-called 
‘higher order levels’, are ‘analyzing’, ‘evaluating’, and ‘creating’. The questions at the final exam 
directly link to the concrete goals defined for different parts of the course (see examination below). 

Example. The goals in basic courses of the bachelor program, such as OS, are usually defined levels 
one to three of the Bloom model. For example, one of the goals for the fourth part of the OS course 
that covers “Storage Management of modern OS'' is: “To explain how an input-output request is 
transferred into a series of well-defined hardware operations.''  

1.2.2 Focus Material 
The focus material is a document that provides guidance to students for the self-study of one part of 
the course. This material consists of the following elements:   

- A brief description of the subject of the part with references to the study material;    
- A description of basic topics;    
- A description of facultative topics;   
- The goals of the part;  
- A concrete plan for the part.    

The brief description summarizes in a few sentences the subject of that part of the course. Study 
material includes references to chapters in the course book complemented with (online) material 
where applicable, such as papers or interesting short videos.  
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Example. A brief description for a part of the OS course is: “In the fourth deepening session, we study 
the most important aspects of storage management of modern operating systems. The study material 
is Part 4 of the course book (pp. 455-610). Complement your study with discussions with other 
students and have a closer look at the additional material that is available via the online platform.''    

The material that is subject of the part is divided in basic topics and facultative topics. Basic topics are 
essential course material and these topics directly refer to the required learning outcomes of the 
course. The basic topics are subject of the discussions during the deepening session and they form 
the basis for the final exam for all students. Facultative topics refer to additional course material that 
provides additional study material that students can use to deepen their insight in the learning 
material. These topics are usually not further discussed during the deepening session. Students can 
register for an optional part of the exam where facultative topics are examined. Via this optional part of 
the exam, students can collect bonus marks (we explain examination below).  

Example. In the OS course, each part has typically five to 10 basic topics. One of the basic topics for 
the fourth part was “Transforming I/O request to hardware operations (book section 12.5 in the course 
book).'' A facultative topic of that part was: “Example: The WAFL File System (sections 12.9).''   

The focus material explicitly lists the concrete goals of a part. The concrete plan gives an overview of 
the activities as described in Table 1 with concrete deadlines. 

Example. For the OS course, the focus material per part comprises six to eight concrete goals. 

1.2.3 Guided Self-Study 
The first core learning activity for each part is guided self-study. Students study the course material 
guided by the topics and goals described in the focus material. This study material includes references 
to chapters in a textbook complemented by additional resources. The types of additional resources 
depend on the concrete content of the part; typical examples are research papers and links to specific 
online movies. Students are stimulated to engage in discussions with other students. 

Example. For the OS course, the classic textbook “Operating System Concepts'' [19] is used. As an 
example, the second part of the course covers two chapters in the textbook: Synchronization and 
Deadlocks. Examples of online resources are short tutorials that explain specific subjects, such as the 
critical-section problem and methods for deadlock detection.  

1.2.4 Discussion Items, Moderation Themes, and Moderation Material 
Based on the self-study and discussions, students prepare material for the deepening session. This 
material includes two or three items for discussion during the deepening session and material to 
moderate the discussions. Discussion items are items put forward by students for further elaboration 
during the deepening session. Items include, but, are not limited to: a question about a basic topic that 
is unclear and requires further elaboration, a statement about a topic for which a student wants to hear 
the opinion of other students, a misconception that exists about a particular topic, an event related to a 
topic such as a recent debate in the media, or a personal experience about a topic.  

Example. An example of a discussion item for the fourth session of the OS course that was submitted 
is:  “Regarding I/O hardware: How are I/O devices exactly connected with one another? Would it be 
possible to further elaborate on this during the session?'' Another example of an item for the fifth 
session was: “WebAuthn is a new authentication standard that is based on the principle 'something 
you have.' It is in fact a successor of U2F but with support on all browsers. WebAuthn can realize 
secure 2-step verification. Can we further discuss WebAuthn using dongles with biometric scanners? 
Source: https://www.youtube.com/watch?v=9ZUHs0jRwQY''    

The docent groups the discussion items into themes for the deepening session (deepening sessions 
are explained below). For each deepening session typically six to 10 themes are identified.  

Example. An example of a theme for the fourth session was: “Transforming I/O requests to hardware 
operations.” An example for the fifth session is: “Public-key authentication and WebAuthn.” 

Students can select themes they prefer to moderate. Based on the preferences, the docent allocates 
the themes to students. Students then prepare material for the moderation of the discussions during 
the deepening session. The moderation material typically contains a few slides with a brief overview of 
the theme and material to trigger the interaction (see the section on deepening sessions below).    
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In addition, students can prepare facultative summaries of the topics of the part. For each part, 
students get a predefined number of pages to prepare the summaries (typically 6 to 10 pages). The 
summaries can be updated after the deepening session and need to be submitted within a few days 
after the session. Students can use the summaries of topics during the final exam, providing them an 
incentive to prepare these summaries well. 

1.2.5 Deepening Session  
The second core learning activity for each part is the deepening session. The primary goals of a 
deepening session are: (1) To resolve any possible problems or issues with the basic topics of the part 
under study; and (2) To further elaborate on particular topics related to the part.     

A deepening session starts with a short reflection of typically 10 min. Experiences and reflections on 
content and approach are exchanged between the students and between the students and the docent. 
Where necessary, the way the course is organized or plan is adjusted in agreement.  Then the 
elaboration start on the different themes that were identified based in the discussion items submitted 
by the students. Each theme is moderated by a student (sometimes two students). The students are 
free to moderate themes as they prefer. Typically, students use a few slides to introduce the theme. 
Then, they use different techniques to stimulate the discussions, such as putting forward a few 
questions to steer the discussion, using a challenge that students solve together, organizing a short 
quiz, or showing a movie to open the discussion. A deepening session typically takes 2 hours. The 
docent keeps an eye on the discussions to ensure that they stay within focus and the time devoted to 
the different themes is balanced. During the discussions, the docent provides short instructions about 
specific topics, and explains or clarifies when needed. After the discussion of a theme, the docent 
summarizes the discussion and checks that the discussion items have been resolved.  

After the session, students finalize the moderation material and the summaries of the topics based on 
the insights obtained from the discussions. The moderation material is then submitted and made 
available via the online platform of the course. Where applicable, students and/or the docent can 
provide additional links to study material at the platform that further elaborates on particular topics. 

Example. We give two examples of student moderations from our practice. In the first example, the 
theme was “Terminology of disks” with discussion items such as “What exactly is the difference 
between a volume, a file system, and a partition?” and “The text book uses the notion of I/O location, 
but what exactly is this?” The student that moderated this theme started with presenting the context of 
the theme using a few slides that explain aspects as sequential versus direct memory access. Then 
the student provided a link to a website where other students and the docent could register for a quiz. 
The quiz consisted of a number of questions where participants had to make a choice between four 
possible definitions of a concept. When all answered where provided, the answers to each question 
were further discussed. During this discussion, students argued why they provided particular answers. 
As a result, the discussion converged towards a common understanding of the meaning of the 
different concepts. At the end, the docent wrapped up the discussion. In the second example, the 
theme was “One-time passwords and sniffing” with a discussion item “If an attacker would be able to 
intercept one part of the password combination, would it not be possible to use that part to start many 
new sessions until she gets access to the system?” The student who moderated this theme also 
started with a short introduction of one-time passwords and sniffing. Then he elaborated on three 
concrete implementations of one-time passwords, respectively using hardware calculators, an app, 
and a codebook. For each of these techniques, he asked students whether they could give example 
where they use the respective techniques. For each technique he then presented a slide where he 
showed photos and screenshots of how he used these techniques to manage his access to Facebook, 
his bank account, and the national tax agency respectively. Through the interaction and exchange of 
ideas between the students, the principles of one-time passwords and its protection against sniffing 
were clarified. At the end, the docent wrapped up the discussion.   

1.2.6 Guided Exercise Sessions  
During the course, a number of exercise sessions can be organized to further support the study. 
During these sessions students apply material that has previously been studied during the course. 
These exercises help students to further deepen their knowledge about specific parts of the course.  

Example. In the OS course, six guided exercise sessions are organized after the second deepening 
session that focus on different solutions to the critical section problem. During the sessions, students 
solve problems using different techniques and make a tradeoff analysis of the different solutions.  
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1.2.7 Feedback Sessions  
During the course, students get individual feedback on the progress of their study and the docent gets 
feedback on the organization of the course. During the feedback sessions, the docent elaborates on 
the progress of the student in his study and his engagement in the classes. The student gives input on 
how his or her experiences, the approach used and the course plan. In addition, online questionnaires 
are used allowing students to provide anonymous feedback on the main aspects of the course. All the 
feedback is used to adjust the study (individually and collectively) as well as the course organization if 
needed. Through mutual feedback students learn to take responsibility in the organization of the 
course and the progress of their learning process. 

Example. For the OS course, facultative individual feedback sessions are organized after every two 
deepening sessions where students and docent interact on the progress of the study. The individual 
sessions take about 15 minutes per student. During these sessions the docent highlights strengths 
and potential working points for the student. The student clarifies issues, asks questions related to the 
study, and makes suggestions for further consideration about the content and course organization. In 
addition, an online questionnaire is used to collect feedback. This questionnaire typically contains 
around 10 questions that probe the clarity of the material, the insights obtained, the approach used, 
and the role of the docent. There is also an open question to provide other input that may be useful.  

1.2.8 Evaluation and Exam 
The evaluation of the course consists of two main parts. Engagement in the deepening sessions 
counts for 35% of the marks. This includes the quality of the submitted discussion items and 
moderation material, the quality of the moderation during the deepening sessions, and the 
engagement in the discussions for themes moderated by other students. At the end of the course, an 
oral exam is organized (formal assessment) that counts for 65% of the marks. The exam consists of 
three questions about the topics of the course, aligned with the goals defined for different parts of the 
course, and an exercise similar to the types of exercises made during the exercise sessions. During 
the exam, students can use their individually prepared summaries of the topics during this exam. 

Students can also register for an extra optional exam. This optional exam consists of additional 
questions about the facultative topics of the course. Through this exam, students can obtain bonus 
marks, offering another incentive for students to take responsibility in their learning process. 

Example. One of the questions of a past edition of the OS course was:  “Explain how paging works, 
and explain hardware support for sharing code with paging.'' The exam is closed book, however, 
students can use the summaries of topics they prepared and submitted within the given deadlines. 
Students get half an hour preparation time per question before the oral examination starts. The 
optional exam consists of two additional questions about the facultative topics. The score of the 
optional exam is added to the score obtained for the oral exam of the basic topics. In particular, 
depending on the results of the optional exam, the score of the basic exam can be reduced with at 
most one mark (on a maximum score of 20) or increased with up to 3 marks (up to maximum 20).   

2 METHODOLOGY 
To evaluate responsible-centered learning, we applied the approach in the OS course at KU Leuven, 
Kortrijk Campus for two successive years (2016-2017 and 2017-2018). In the first year, 8 students 
registered for the course, in the second year, 9 students registered. We evaluated the approach 
qualitatively using anonymous online questionnaires. The analysis of the collected data was done by 
providing simple summaries about the answers we obtained, complemented with some synthesis. We 
report study results as well as individual input we obtained from the students.  

The evaluation aims to get insight in: the clarity of the material, the perceived knowledge obtained, 
and the load of the course. After the evaluation of the approach at the end of the first year, we 
performed a number of adaptations to tackle shortcomings reported by the students. In the second 
year, we performed the evaluation at two points in time: mid-course and end-course.   

3 RESULTS 
We start with reporting the study results. Then we present the results of the first implementation of 
responsibility-centered learning, and finally we present the results of the second implementation.  
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3.1 Study Results  
Table 2 shows the study results of students that completed the OS course before and after the 
responsibility-centered learning approach was introduced. The numbers show that applying the flipped 
classroom approach had no significant impact on the final. Note that given the small sample and the 
fact that the course was taught by different docents before and after introducing responsibility-
centered learning, deriving conclusions from these numbers is difficult.  

Table 2. Study results. 

Offering Approach Completed Means on 20 (SD) 

2015-2016 Classic 6 out of 7 13.14 (3.49) 

2016-2017 Responsibility-centered 3 out of 6  10.67 (0.58) 

2017-2018 Responsibility-centered 6 out of 9 13.33 (1.63) 

3.2 Evaluation of the First Edition  
The study results provide little or no insight on the (long-term) effect of learning. To obtain better 
insight on this and other aspects of responsibility-centered learning with flipped classroom, we 
performed an anonymous survey with five open questions (all students participated). We present the 
questions and main insights derived from the responses. Then we elaborate on the feedback and the 
action we took to adapt the approach to deal with issues reported by the students.  

3.2.1 Questionnaire  
Q1.1: According to your experiences, what are the strong and weak aspects of the learning approach 
we used in the OS course? 

Half of the students stated that the approach helped them mastering the learning material better. One 
student stated, “I think that we will better master the course since we prepare very well and summarize 
the study material.'' Another student stated, “Through self-study I believe that I better master the 
course.'' Two students indicated positive effects by spending more time on the course. For example, 
one of the students stated, “By spending more time on the course, I master the subject matter better.'' 
The most remarkable weak point is that the students perceive the approach as very time consuming 
(stated by half of the students). One student stated it simply as “The process is very time-consuming.'' 
Another student stated, “Due to the size of the tasks it is sometimes difficult to keep track of all other 
courses (lack of time).'' Two students also considered the lack of traditional instruction as a weak 
point: “A downside is that you have to study everything yourself (no form of instruction in the class).'' 

Q1.2: Do you consider your commitment to the deepening sessions as sufficient or not (preparation 
and participation)? 

Four students consider their commitment to the deepening sessions as sufficient. The others indicate 
some concerns. One student stated, “I think I'm pretty good at content, but, in terms of meeting 
deadlines, there is still work to be done.'' Another stated, “I think my preparation is sufficient, possibly 
my participation in the sessions could be better.'' 

Q1.3: Do you have any comments on the material required for your study? 

Four students were happy with the material required for the course. The other students raised some 
concerns. One student stated, “I do not think the backup slides really make sense. It is regrettable that 
the lack of commitment of some fellow students requires extra work to the already significant 
preparation.'' Another stated, “Page restrictions result in unclear summaries of topics.'' 

Q1.4: Do you have any comments on the role and involvement of the docent during the deepening 
sessions? 

All students provided constructive answers to this question. One student stated, “No, the docent lets 
the students speak first and then complements when necessary.'' Another stated, “I think the 
deepening sessions are running smoothly, I personally find the interactivity between the students very 
useful to process the study material.'' A few students provided suggestions. For example one student 
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stated, “Maybe at the end of each topic discussion, the docent could give a small summary. 
Sometimes this happens and I think that's very useful.'' 

Q1.5: Do you have points that you would like to see differently for the organization of this course? 

Four of the students expressed the need for more preparation time and asked for a reduction in the 
workload, in particular, to remove backup moderation and make the summaries of the topics optional. 

After the course, additional feedback was collected via the general evaluation of the course, where 
students could agree or disagree with a number of statements about the course. On the statement “In 
this course, I acquired important insights and knowledge'' all students responded positive (average 4.0 
on a Likert scale of 1: ‘don't agree’ to 5: ‘fully agree’). This confirms the answers to Q1.1. On the other 
hand, on the statement “The time spent on this course corresponds with the 6 ECTS credits of the 
course'' the majority of the students did not agree (average 1.8 on a Likert scale of 1: ‘don't agree’ to 
5: ‘fully agree’). This aligns with the answers provided to Q5.1. Table 3 summarizes the main strengths 
and weaknesses of the first edition of the approach obtained from the feedback of the students. 

Table 3. Summary of strengths and weaknesses of first edition. 

Strengths 

Enables mastering the learning material better 

More attention for course 

Commitment to deepening sessions 

Good focus material 

Role of docent works well 

Weaknesses 

The approach is very time consuming 

More preparation time required 

Workload needs to be reduced 

3.2.2 Adaptation of the Approach  
The student feedback received from applying the responsibility-centered flipped classroom approach 
provided initial evidence that the approach indeed realizes its intended goal: students state that they 
master the learning material better by being active and committed learners. On the other hand, the 
feedback also highlighted weaknesses, in particular high workload.  

To deal with the weaknesses, the docent consulted with the staff of the Educational Development Unit 
of KU Leuven to deepen his knowledge on flipped classroom further. He then identified potential 
remedies for the identified weaknesses. These remedies where analysed, adjusted and extended 
during meeting with colleagues that are directly involved in the bachelor program. The docent then 
redesigned the flipped classroom approach accordingly.  The following adjustments were applied:  

• In the initial version, there was no distinction between basic and facultative topics; this 
distinction was introduced and the optional exam was introduced;   

• In the initial version, summarizing topics was obligatory, this was now made optional;    
• In the initial version, students had to prepare moderation material for two themes (one as 

backup); preparing for this backup theme was removed; 
• In the initial version, the docent summarizing the discussions per theme was not explicit part of 

the deepening session, this was now explicitly introduced:  

• The plan was adjusted to increase the preparation time for different activities.  

3.3 Evaluation of the Second Edition  
We now look at the student feedback we received after applying the adaptations to the responsibility-
centered learning approach in the OS course.  Table 4 shows the results of the different questions we 
asked via an anonymous questionnaire at two points: mid-course and end-course. The questions 
made use of a Likert scale of 1: ‘don't agree’ to 5: ‘fully agree.’ 
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Table 4. Results of the survey of the second edition. 

Participants: 9 students mid-course and 7 students end-course  
2017-2018 
Mid-course 

M (SD) 

2017-2018 
End-course 

M (SD) 
Q2.1 “The learning objective of this course were clear.” 4.33 (1.12) 4.43 (0.79) 
Q2.2 “The OS course is structured logically.” 3.89 (0.33) 4.00 (0.58) 
Q2.3 “The study material helps me with the processing of the material.” 4.00 (0.71) 4.14 (0.69) 
Q2.4 “In this course, I acquired important insights, knowledge, and skills.” 3.78 (0.44) 4.29 (0.76) 
Q2.5 “Through self-study and the deepening sessions, I gained deeper 
insight into the study material.” 

3.89 (0.60) 4.29 (0.76) 

Q2.6 “For 6ECTS, the load for the OS course is balanced.” 3.22 (0.67) 3.71 (0.76) 

The answers show that the majority of the students consider the learning objectives clear. The mean 
score mid-course (4.33) and end-course (4.43) are about the same. The majority of the students find 
the course logically structured. The mean score slightly increased from 3.78 mid-course to 4.00 at the 
end. The answers show that the students find the focus material particularly useful. The mean score 
increased from 3.89 mid-course to 4.14 at the end of the course.     

The students find that they acquired important insights, knowledge, and skills in the OS course.  The 
mean score increased from 3.78 halfway the course to 4.29 at the end of the course. Recall that with 
the initial flipped classroom approach, the average score for this question was 4.0. The students 
confirm that the responsibility-centered flipped classroom approach enabled them to obtain deep 
insight in the learning material.  The mean score increased from 3.89 mid-course to 4.29 end-course.  

Given the concerns about workload raised by the students with the initial flipped classroom approach, 
we were curious to see how students perceived the workload after the adaptations. The results show 
that the students find the load of the responsibility-centered flipped classroom approach aligned with 
the expected load for a course of 6 ETCS. The average score are similar halfway and at the end of the 
course, and clearly better as the results obtained with the initial flipped classroom approach.  

In addition, the students could provide final remarks in a free text field. These remarks gave some 
further insight in the appreciation of the approach. In the mid-course feedback, one student stated 
“Nice way to get the lessons.'' At the end of the course, a student stated “Better method than just 
getting theory, the theory would sometimes be pretty boring, while this method keeps you on the 
lesson.'' Another student stated “The way of teaching ensures that during the exams you have enough 
to read everything just once. I think the system works very well.''  

4 LESSONS LEARNED AND CONCLUSIONS 
The main lessons learned from the docent’s point of view are: (1) Overall, designing and applying the 
responsibility-centered learning approach has been very valuable; enabling students to become 
owners of their learning process is particularly rewarding;  (2) Giving students responsibility to steer 
their study requires open mindedness of the docent; it is key to build in continuous reflection and 
feedback in the learning process;  (3) Responsibility-centered learning is demanding for students; it 
requires commitment throughout the course;  (4) Responsibility-centered learning is also demanding 
for the docent; the organization of cycles is an extensive effort that often requires creativity; and (5)  
Applying the responsibility-centered learning approach in one course can affect the learning activities 
of other courses that run in parallel; therefore, it is essential for the docent to show continuous 
attention and flexibility to adapt the process and organization where needed.   

In conclusion, responsibility-centered learning approach with flipped classroom relies on two pillars: (i) 
guided self-study of the learning material, and (ii) student-driven elaboration of the learning material 
during deepening sessions. We applied the approach in a basic software engineering course to tackle 
recurring issues with poor student engagement that may lead to superficial knowledge. Student 
feedback shows that the approach enables students to become responsible learners that better 
master the study material. An interesting topic for further investigation is how the underlying principles 
of responsibility-centered learning can be implemented for larger classes.  
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