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Abstract – This paper presents a longitudinal design-based 

research study where a university organic chemistry course has 
changed teaching and learning focus, from more conventional 
teaching into flipped teaching. Engineering students have been 
followed with surveys, observations, interviews and analysis of 
how the teaching material was used; results on students’ perceived 
interest and value are discussed. The project shows that flipped 
learning with peer instruction is an applicable way to increase 
students’ interest in organic chemistry and perceived value of the 
problem-solving process and peer instruction when learning 
chemistry. Moreover, the paper also discusses the design-based 
aspect, and how researchers and practitioners can collaborate to 
develop university teaching with an aim to enhance students’ 
higher-order thinking and deep learning.  
 
 Keywords – Flipped learning, interest, value, organic 
chemistry, biotechnology engineering students, peer instruction 
 

I. INTRODUCTION 
A new teaching and learning approach, flipped learning, has 
become popular the last decades [1, 2]. Flipped learning is 
related to blended learning since the flipped approach has a mix 
of technology and classroom teaching [3]. By changing how the 
teaching hours at the university are used, the aim is to make 
students’ learning environments more active, and thereby, 
improve learning outcomes as well as student engagement [1, 
4]. When applying conventional teaching, the teacher gives 
lectures and afterwards, the students work with problems at 
home. Flipped learning switches focus and students watch 
online lectures at home before coming to class, and time at the 
university is used for problem solving together with peers and 
the teacher.  
 In the U.S., several flipped projects have focused on 
university chemistry courses; normally the student groups are 
large, from hundreds up to thousands of students [5, 6], while 
some research also is done on smaller groups [7]. In Sweden, 
flipped learning is still quite uncommon in higher education 
compared to the U.S., but when a Swedish university chemistry 
department had intentions to improve students’ 
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learning outcomes and increase students’ engagement in 
chemistry, a suggestion was to apply this approach. The organic 
course had been perceived difficult and, according to previous 
course evaluations, also been ascribed as having bad quality in 
general. Therefore, a change was requested both from students 
and teachers. The aim of the project was to develop the course 
from conventional into flipped teaching and to evaluate the 
biotechnology engineering students’ interest and value when 
changing into a flipped course.  
 To assess student learning through a flipped teaching 
approach is complex, since learning depends on several 
different aspects. Kay et al. [8] compared computer 
programming students’ learning experiences and performance 
between lecture-based, active learning, and flipped teaching 
approaches, and emphasise that five learning characteristics 
were important for learning; clarity, flexibility, opportunities 
for application, timely guidance with feedback, and cognitive 
engagement. These learning characteristics will be discussed in 
relation to results from our study. 
 Interest is a multidimensional construct with both cognitive 
and emotional/affective aspects [9]. Sometimes interest is 
related to enjoyment, but as emphasised by Krapp and Prenzel 
[9], “enjoyment can occur for many reasons, and interest is only 
one of these” (p. 30). As interest is content specific, this study 
explores both student interest in organic chemistry, and student 
interest of the flipped learning approach. Interest has both an 
intrinsic and extrinsic character, and is therefore divided into an 
individual interest and a situational interest [10]. Therefore, 
questions are posed to the students to understand their own 
individual, internal or intrinsic interest, as well as how the 
situation influence their perceived interest. 
 The conceptual framework of value creation in communities 
and networks developed by Wenger and colleagues [11], 
examine how groups, as communities, make use of each other 
to learn. Through different capital, e.g., personal assets (human 
capital), relationships and connections (social capital), and 
transformed ability to learn (learning capital), Wenger et al.’s 
key questions to investigate value has been applied in this study.  
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With the aim to investigate biotechnology engineering students’ 
interest and value when introducing a flipped learning 
approach, and how the students make use of the learning 
material, the research questions are; 

1) how does a flipped learning approach influence 
students’ interest and value?  

2) how do students claim to use the flipped teaching 
material, and how is it actually used? 

3) how does the flipped approach influence students’ 
exam  result?  

 

II. METHODOLOGY 
We, the course lecturer (D. Johnels), and a chemistry education 
researcher (K. Broman), have for three years (out of four), 
studied engineering students participating in an organic 
chemistry university course. Through design-based research 
(DBR) [12, 13], a cyclic process with collaboration between 
research and practice has been undertaken. The main focus in a 
DBR-project is to improve practice through this “systematic but 
flexible methodology aimed to improve practices through 
iterative analysis, design, development, and implementation, 
based on collaboration among researchers and practitioners in 
real-world settings, and leading to contextually-sensitive design 
principles and theories” (p. 6-7) [13]. Through the nine 
principles of design-based research presented by Wang and 
Hannafin [13], our project will be discussed. 
 Using a mixed-methods approach when collecting empirical 
data, with surveys, information from the learning platform 
where the online material is available, observations, and 
interviews, results will be elaborated. The empirical data are 
presented in Table 1. 
 
 

TABLE 1 
EMPIRICAL DATA IN THE FLIPPED TEACHING PROJECT 

  
Year 1 
(2017) 

Year 2 
(2018) 

Year 3 
(2019) 

Students (n) 36 35 31 

Surveys 1–2–3 (n) 33–23–20 32–25–26 31–22–18 

Interviews (n) 7 11 6 

Observations (n) 5 4 4 

 
 
The students taking the organic chemistry course study at the 
biotechnology engineering program (Master of science 
programme in biotechnology). The course (15 ECTS), is a first-
cycle course, and is given at the fourth semester of the program. 
The course consisted of (1) video-lectures available through an 
online learning platform, i.e., one lecture (30-40 minutes) for 
each chapter in the course book, (2) quizzes connected to the 
videos, (3) tutorials, (4) lessons with problem solving with peer 
instruction in dynamic groups, (5) stereochemistry workshops, 

and (6) laboratory work (during the course, in total 8 laboratory 
days). The examination was a regular final written exam, 
besides the laboratory reports, however, the laboratory part is 
not discussed in this paper. 
 The students’ interest have been analysed through Krapp and 
Prenzel’s [9] framework of situational and individual interest, 
and the students’ value through the framework of value creation 
in networks and communities [11]. How students value the 
different learning material and how they made use of each other 
through peer interaction when solving problems together will 
also be described and discussed according to both constructivist 
and socio-cultural perspectives [14, 15]. Furthermore, students’ 
own perceptions of how they used the course material related to 
an analysis from the online learning platform of how the 
material actually was used will be presented together to explore 
how the flipped learning material has been applied within the 
course.  

 

III. RESULTS AND DISCUSSION 
Some results from first and second year of this study are already 
published [8], and in this paper, these results are elaborated 
further through the nine DBR principles [13] in combination 
with this year’s empirical data. 
 In general, students found the topic of organic chemistry 
interesting and highly relevant for their future careers. Their 
individual interest is expressed both through survey results, but 
primarily, from the interviews. One student’s utterance 
describes this general interest in organic chemistry; The only 
thing I had heard about this course, was that it was extremely 
tough, not possible to pass. But I realised very early in the 
course, that organic chemistry is everywhere around is, and 
therefore both interesting and relevant to me. Several students 
expressed a general increased individual interest after meeting 
organic molecules in a stereochemistry workshop since the 
studied molecules were known from before. For example, 
students explored the structure of chiral drug molecules as 
Ibuprofen, Citalopram, and Omeprazole. The recognition of 
complex molecules from everyday life was stated as an 
important factor to improve the individual interest.  
 The situational interest was related to the teaching approach, 
flipped learning. Students were throughout the course more and 
more positive towards problem solving in groups. In the 
beginning, survey 1 was given the first day of the course, where 
the survey result showed a quite negative opinion about group 
work. In the interviews, all students claimed that their ideas of 
group work from previous courses and from school, was 
negative. All 24 students in the interviews had the same 
opinion, exemplified by the following statement; I don’t like 
group work at all, both in school and in courses here at the 
university, it’s always me doing everything, and the others 
taking advance of my work. Especially in school, it felt like I 
had to do everyone else’s job. Not any of the interviewed 
students claimed that they had been the student “taking 
advance” of classmates. However, throughout the course, the 
survey results became more and more positive, in the pre-
survey the mean was 3,8 and in the post-survey the mean was 
5,5 (on a 1-6 grade Likert scale). As explained by one of the 
interviewed students; I was so negative in the beginning that we 
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had to work in groups with problem solving, I’m used to study 
myself. But after a while, we realised that we had use of each 
other, this because everyone who came to class actually had 
watched the lectures, and we could work together. And of 
course, this made me more interested in organic chemistry, 
since I understood so much more.  
 This result is not only related to interest, the students 
expressed high value, most of all, to work with problem solving 
where the teacher was available in the classroom. The 
availability of the online video lectures makes it possible to 
come well-prepared to class, and the videos are easy to pause 
and Google things I don’t understand as stated by several 
students. In the classroom, the students worked with problem 
solving. From observations, it was apparent that the teacher was 
important to guide and scaffold the students. The teacher 
walked around in the room, discussed different steps in reaction 
mechanisms with the groups. But since the teacher had many 
groups, the students had to help each other through peer 
instruction. From the interviews, several students realised that 
this was an important aspect of learning; Sometimes I had 
understood something, then I could help my friends, sometimes 
when I was lost, someone else could help me. I now know that 
when I can explain something to another student, then I really 
know that I know what I thought I knew. This awareness, that 
deep learning is achieved after discussing the content and 
explaining to a peer relates clearly to the sociocultural 
perspective of learning [14]. Deep learning and higher-order 
thinking are important since we want students to learn for life, 
and not only for the exam. Problem solving is according to the 
hierarchical Marzano’s taxonomy on the highest cognitive 
level, and through collaboration with peers and creative 
discussions, learning outcomes are increasing from the 
problem-solving process, similar to results in an American 
university chemistry study [16]. In this paper, no cognitive 
results are presented, but in upcoming publications, this will 
also be addressed to discuss how problem-solving processes 
aim to increase students’ higher-order thinking. 
 The learning platform where the teaching material (e.g., 
video lectures, quizzes) was found, had a statistics tool where 
we could follow how the students actually used the assets. 
Connected to every lecture was a quiz that the students 
responded to every evening after watching the video lecture and 
before coming to class to work on problems related to a specific 
area. If a student had responded correctly to all the quizzes, 
he/she got 4 bonus points to the final written exam. The bonus 
points from the quiz was introduced to raise students’ external 
motivation. Almost all students responded to all quizzes, 
however, not all students got all 4 bonus points. After analysing 
the statistics from the learning platform, some interesting 
results could be found. First of all, there was no apparent 
correlation between how often students had visited the platform 
and the exam result. The student that visited the course platform 
most (632 times), had a low exam result (8 points out of 50), 
whereas the student that visited the course platform second 
most (606 times), had a high exam result (40 points out of 50). 
Nevertheless, all students during the three years that 
participated in class at the problem-solving lessons when the 
three surveys were distributed, all passed the exam. Therefore, 
we speculate that attending the problem-solving lessons was 
more important for passing the course, than visiting the course 

platform to watch video lectures. The teacher at the course 
collected information about which students that attended the 
lessons or not, and these results show that students attending the 
lessons more than 75% of the lessons (i.e., lesson-active 
students) had higher scores than students not attending the 
lessons (i.e., lesson-inactive students), for results of the group 
in 2019, see figure 1. 
 
 

 
 

 
 
Fig. 1. Exam results 2019. The written exam demanded 25 points for pass, 50 
was maximum points. The first figure shows students attending the lessons 
(more than 75%) and the second where students attended less than 75% of the 
lessons.  
 
 
 Even though most students expressed positive opinions 
regarding flipped learning, there are students reluctant to 
changes of the teaching approach similar to results from other 
higher education studies [cf. 17]. Several students had 
mentioned the flipped approach as helpful to keep in phase, not 
to drop behind. However, some students stated a feeling of 
pressure as a negative aspect of the teaching approach. This can 
be exemplified through an utterance from a student; It was 
problematic that I dropped behind after the first week. We have 
a ski- and party-weekend with the student union, and because 
of this, I skipped two days of the course. When I got back, I 
realised that I had missed so much, and I actually never caught 
up with the others. This made me very stressed, so I gave up. 
The same thing happened all three years, that students left two 
days for a holiday during the first part of the course. Some 
students could handle this, but it was apparent that this was one 
reason for not passing the course. 
 When relating our results to Kay et al.’s [18] five learning 
characteristics, several of them can be found in this course when 
applying the flipped teaching approach. The organisation of the 
course, through online lectures, quizzes, problem-solving 
lessons, is both a way to show students’ clarity, and at the same 
time, flexibility. The learning platform shows exactly what the 
students are supposed to do every day, with clear information 
on what is requested. Still, the organisation is flexible, students 
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can watch the videos during the day or in the afternoon, at any 
place of convenience. To have a close connection to the teacher 
with possibilities to interact and discuss chemistry during the 
lessons is an important opportunity for application, as 
highlighted by Kay et al. [18]. This interaction gives students 
timely guidance with feedback since they sometimes used 
clickers as response system, to formatively assess the learning 
process. Cognitive engagement and presence were highly 
apparent during the course since students and the teacher were 
more active in this approach, than when applying more 
conventional teaching. This was emphasised by one of the 
students who in the interview stated that I was so much more 
active and engaged in this course, during normal lectures I just 
sit and try to stay awake, here I was forced to discuss the 
chemistry with my friends and our teacher. This was very 
valuable to me. 
 

IV. OUTLOOK 
This DBR project is a fruitful way to work together to 

develop teaching and learning through collaboration between 
research and practice. Flipped teaching is one (of many) 
possible approaches to design a course, however, the main 
advantage is to work closely in a cyclic way to develop the 
course over time. The nine design principles stated by Wang 
and Hannafin [13], i.e., (1) support design with research from 
the outset, (2) set practical goals for theory development and 
develop an initial plan, (3) conduct research in real-world 
settings, (4) collaborate closely with participants, (5) implement 
research methods systematically and purposefully, (6) analyse 
data immediately, continuously, and retrospectively, (7) refine 
designs continually, (8) document contextual influences with 
design principles, and (9) validate the generalizability of the 
design, have been an important framework to follow during the 
project. After three years, we have realised that the course has 
improved, students are more satisfied with the course.  

To finalise, the collaboration between educational practice 
and educational research has been beneficial, from different 
point of views. Discussions have been more apparent on how to 
design och develop teaching at university level, and thoughts 
about how students learn have been elaborated. By relating to 
Wenger et al.’s [11] different capital; human, social, and 
learning capital, students’ personal assets, their relationships 
and connections, and transformed ability to learn, has been a 
way to  investigate the value of peer interaction. The students 
have not really “flipped” during the course, as the title of the 
paper implies, the course design has. However, this flip has 
probably changed the mindset in different ways; of the students 
taking the organic chemistry course, of the teachers teaching the 
course, and of the chemistry education researcher being a part 
of the development of the course into something new. To 
collaborate and learn from each other through a DBR project, 
has been a valuable and fruitful. 
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