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Abstract 

The use of flipped classrooms has been gaining popularity across various disciplines in higher 
education as a student-centered active learning strategy. In this study, an introductory organic 
chemistry course for students whose major is not in Chemistry was taught using a flipped classroom 
design, incorporating blended learning to deliver content, and using group work in the classroom. The 
learning experiences of the students enrolled in the course are discussed. Most of the students adjusted 
to the strategy and reported a sense of autonomy over their learning. Students also reported believing 
that most of the flipped classroom design components were a good use of their time in learning organic 
chemistry.  
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Résumé 

L'utilisation de la classe inversée a gagné en popularité dans diverses disciplines de 
l'enseignement supérieur en tant que stratégie d'apprentissage actif centrée sur l'étudiant. Dans cette 
étude, un cours d'introduction à la chimie organique pour les étudiants dont la spécialisation n'est pas la 
chimie a été enseigné en utilisant une conception de classe inversée, en incorporant l'apprentissage 
hybride pour fournir le contenu et en utilisant le travail de groupe dans la salle de classe. Les 
expériences d'apprentissage de ces étudiants inscrits au cours sont discutées. La majorité des étudiants 
se sont adaptés à la stratégie et ont déclaré avoir un sentiment d'autonomie par rapport à leur 
apprentissage. Les étudiants ont également déclaré croire que la plupart des éléments de la conception 
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de la classe inversée constituaient une bonne utilisation de leur temps pour apprendre la chimie 
organique. 

Mots clés : chimie organique; premier cycle universitaire; classe inversée; apprentissage hybride; cours 
non spécialisé 

Introduction 

Over the last decade, and with the practical advancement of technology for the purpose of 
teaching and learning, the use of the flipped classroom as a form of blended learning has become more 
widespread in higher education (e.g., McNally et al., 2017; Hernández-Nanclares & Pérez-Rodríguez, 
2016; Reidsema, Kavanagh, Hadgraft, & Smith, 2017). “In the flipped classroom, students are required 
to engage in or complete some form of preliminary learning online in preparation for a structurally 
aligned learning activity on campus with their instructors and peers” (Reidsema, Hadgraft, & 
Kavanagh, 2017, p. 6). Learn-theoretical justifications for flipped classrooms are provided by social 
constructivism, which suggests that students learn best when they actively build on prior knowledge in 
a collaborative environment (Palincsar, 1998) and by cognitive load theory (Sweller, 1994), which 
suggests that students’ learning is hindered when the working memory is overwhelmed. For instance, 
the former justifies a peer-learning aspect in the on-campus component of a flipped classroom, while 
the latter justifies delegating the exposure to the course material outside of class time and giving 
students the responsibility and flexibility to learn the material on their own (Seery, 2015). 

Considering that these developments in higher education strategies are recent, it is no surprise 
that “research on the flipped classroom is still in its infancy” (Reidsema, Hadgraft, & Kavanagh, 2017, 
p. 5). Our study adds this slowly emerging area of higher education research by inquiring into the 
experiences of the non-chemistry major students who attended a broad-topics first-year organic 
chemistry course in which used a flipped classroom design.  

Literature Review 

Over the last few years, there has been an increase in literature presenting the design, 
implementation, effectiveness, and students’ attitudes of flipped classroom and blended learning as an 
active learning teaching method for general chemistry and organic chemistry in large and small class 
sizes (e.g., Bernard et al., 2017; Christiansen, 2014; Eichler & Peeples, 2016; Fautch, 2015; Flynn, 
2015; He et al., 2016; Hibbard et al., 2016; Lenczewski, 2016; Mooring, et al., 2016; Naibert et al., 
2020; Reid, 2016; Rossi, 2015; Ryan & Reid, 2016; Seery, 2015; Shattuck, 2016; Smith, 2013; Weaver 
& Sturtevant, 2015).  

There are many ways to design a course using the flipped classroom model, although the 
underlying structure is the same – delegate content learning to outside of class time while using in-class 
time to apply and problem solve with the content (Christiansen, 2014; Fautch, 2015; Seery, 2015). 
Instructors who adopt a flipped classroom model may assign readings or provide online videos for 



	 	 CJLT/RCAT	Vol.	47	(1)	

Students’	Learning	Experience	with	a	Flipped	Introductory	Organic	Chemistry	Course:		
A	Course	Designed	for	Non-Chemistry	Majors	 	 	 	 	 	 	 	 3	

students to watch to learn the content. The integration of online experiences in the delivery of content 
into a course with a face-to-face component is known as blended learning (also known as hybrid 
learning) (Driscoll, 2002). For instance, Eichler & Peeples (2016) provided videos for students to 
watch for learning the content which was supplemented with online tutorials and a quiz to help 
encourage active learning during the pre-lecture period.  

As a method of maximizing teaching efficiency, a “just-in-time teaching” (JiTT) strategy was 
used in our study. Developed about 20 years ago, JiTT is a strategy where students prepare for class 
time by reading materials or watching online content and then completing online assignments before 
class time. The instructor uses classroom activities with a focus towards resolving the weaknesses in 
the online assignments (Novak, 2011; Slunt & Giancarlo, 2004). The usefulness of active online 
learning prior to class time was recently demonstrated by Casselman et al. (2020) who studied the 
effect of online learning in a flipped-classroom model that contributed to skills-based learning as much 
or more than collaborative (group-based learning) learning.  

Research in the use of class time has included instructors helping the students engage in 
productive collaborative practices (Chase et al., 2013; Lyon & Lagowski, 2008), using small group 
discussions (Oliver-Hoyo & Allen, 2005), incorporating problem solving activities (Hibbard et al., 
2016), and delivering mini-lectures to address student misconceptions and build content knowledge 
before class activities (Kirik & Boz, 2012; Ryan & Reid, 2016). 

Motivations for instructing a class using the flipped classroom framework include the 
following:  

• extending course accessibility/flexibility and convenience (Aspden & Helm, 2006; Cooner, 
2010; Garrison & Vaughan, 2013; Smyth et al., 2012),  

• delivering content via a medium that appeals to the current generation of students 
(Donnelly, 2010; Lancaster et al., 2012),  

• promoting student autonomy (Ginns & Ellis, 2009; Holley & Oliver, 2010; Owston et al., 
2013; Shea & Bidjerano, 2010),  

• fostering critical thinking, reflection, and problem solving (Cooner, 2010; Lyons & Evans, 
2013; Snodgrass, 2011),  

• increasing student satisfaction with learning (Lyons & Evans, 2013; Woltering et al., 2009; 
Wu et al., 2010),  

• improving learning outcomes and student’s performance (Freeman et al., 2014; Hwang & 
Arbaugh, 2009; Lancaster, 2013; Lopez-Perez, et al., 2011; Warfa, 2016), and  

• improving collaboration skills (Aspden & Helm, 2006; Hwang & Arbaugh, 2009; Shea & 
Bidjerano, 2010; Snodin, 2013).  

There are conflicting results presented in recent literature on the student attitudes towards a flipped 
chemistry classroom. However, papers presenting the positive effects on students (Chase et al., 2013; 
Eichler & Peeples, 2016; Hemraj-Benny & Beckford, 2014; Hibbard et al., 2016; Lenczewski, 2016; 
Mooring et al., 2016; Oliver-Hoyo & Allen, 2005; Ryan & Reid, 2016; Trogden, 2015; Weaver & 
Sturtevant, 2015) either in performance and/or student attitudes with respect to learning progress, 
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confidence, and motivation outnumber the papers presenting the negative attitudes or learning 
experiences (He et al., 2016) or demonstrating no significant improvement in student performance 
compared to those taught by traditional lectures (Christiansen, 2014; Rein & Brookes, 2015). The 
studies that found no significant improvement, however, have found that there may be improvements to 
student confidence and enthusiasm (Chase et al., 2013; Hemraj-Benny & Beckford, 2014; Oliver-Hoyo 
& Allen, 2005; Rau et al., 2017).  

Study Design  

Research Purpose and Questions  

The purpose of this study is to contribute to the understanding of the potential benefits of using 
a flipped classroom design in higher education with a technology-based out-of-class (blended learning) 
component. Specifically, the study uniquely focused on students’ perceived experiences with the use of 
a flipped classroom design (described in the next section) in a first year broad-topics organic chemistry 
course designed for students who are non-chemistry majors.  

Most studies on flipped classroom designs in chemistry education have been focused on 
students in general or organic chemistry courses where they are enrolled as chemistry majors. (Eichler 
& Peeples, 2016; Fautch, 2015; Flynn, 2015; He et al., 2016; Hibbard et al., 2016; Mooring et al., 
2016; Rossi, 2015; Seery, 2015; Shattuck, 2016; Smith, 2013; Weaver & Sturtevant, 2015). These 
chemistry courses typically cover a depth and breadth of topics for students to continue into more 
advanced chemistry courses.  

Many institutions offer general and/or organic chemistry service courses targeted towards 
students who are not majoring in chemistry or natural sciences (e.g., students in humanities, nursing, 
agriculture, human nutritional sciences, engineering, etc.) but require a broad survey of topics relevant 
to their field and may be at the expense of topic depth. It is important to study this population as 
students who enrol in these non-major chemistry courses may have different motivations, goals, and 
educational strengths and backgrounds (prerequisite courses) from those in a major-oriented chemistry 
course. Studies involving students in non-major orientated organic chemistry courses are limited in 
number and most of those studies use a small sample size (Christiansen, 2014; Rein & Brookes, 2015).  

This study undertaken at a large Canadian university with non-chemistry major students had the 
following two research questions:  

1. What are students’ perceptions of their experiences with the flipped and blended classroom 
design?  

2. What are students’ perceptions of their experiences with specific course components?  

Course Design  

CHEM 1320 is an introductory course to organic chemistry that is offered as a service course 
only and serves as an alternate prerequisite for an introductory biochemistry course. Typically, CHEM 
1320 has been offered as a single section (average enrolment of over 100 students) in a 50-minute class 
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time slot, meeting three times per week. To accommodate the flipped classroom design, the course was 
offered once a week with a 110-minute class. Overall, in-class time was reduced by about 40 minutes 
per week to account for the out-of-class activities time. The sum of the 110-minute in-class time and 
40-minute out-of-class time per week equated to the 150-minute/week contact time in the traditional 
lecture format. In addition – and at the expense of increasing the instructor’s student contact hours by 
about 30% – the course was divided into two sections to provide registration flexibility for students and 
for the university in finding an appropriate classroom; also, enrolment was reduced to 60 students per 
section.  

The grade assessment for the course was divided into online homework (5%), laboratory (15%), 
take-home midterm (10%), and final examination (70%). The questions on the midterm and final 
examination were closely structured to align with the online homework, instructor-devised questions 
from class, and textbook problems. 

In accordance with the general flipped classroom design, the course included an out-of-class 
preliminary learning opportunity for students and in-class activities that made use of the preliminary 
learning opportunity. For out-of-class activities, students were asked to complete the following four 
activities prior to class time each week, which were reviewed by the course instructor prior to class:  

• read assigned textbook pages,  
• watch an online screencast lecture video,  
• work on the textbook problems, and  
• complete the online homework assignment administered through Cengage’s OWLv2.  

Students were allocated marks for completing the assignment (5% total of course grade); answer 
accuracy was not assessed. The screencasts were created using Camtasia Studio to edit annotated 
PowerPoint slides and audio recording. The screencasts were published on YouTube for its powerful 
analytics to track viewing behaviour, which can be used to infer study habits and learning behaviour. 
The links to the screencasts were made available to the students through the learning management 
system. The in-class activities consisted of three activities presented in the following order: going over 
common problems in the online homework (about 30 minutes), student group work solving instructor-
created problems (about 60 minutes), and instructor-based preview lecture on the next module (about 
20 minutes).  

Methodology  

Participants 

Study participants were recruited from the students in the two sections of CHEM 1320 in the 
2017 winter term. The course was offered in the flipped classroom format over a 12-week period. 
Sixty-eight percent of the study participants were in the course because it was required for their major 
(program requirement) and 27% were in the course because it was a course required by their faculty 
(faculty requirement). Thirty-three percent of the students were majoring in agroecology, agronomy, 
animal systems or plant biotechnology; 37% of the students were majoring in food science, human 
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nutritional science, or nutrition option; 21% were students majoring in science or undeclared; 7% were 
students in the dental hygiene program; and 2% were students in an engineering program. The class 
was comprised of approximately 30% first year, 30% second year, 30% third year, and 10% fourth year 
and beyond students. Participants were not asked for their gender identity. Student participation in the 
different surveys used for this study was between 63% and 65% of all students in both sections of the 
course studied (total course enrolment = 112). About 19% of the study participants had prior 
experience working in one course offered in both flipped classroom and blended learning and about 
62% had at least one course where online video lectures were available. There were no significant 
changes in enrolment during the study (by the end of term, there was only a 3% decrease in enrolment 
compared to the first day of class). In the instructor’s experience, this was an unusually small decrease 
in enrolment compared to other terms and therefore may have been the result of the University’s new 
policy on limiting access to registration for students who voluntarily withdraw from a course. 

Instructor 

The course instructor is an experienced organic chemist, instructor in the Department of 
Chemistry, and has taught the CHEM 1320 course seven times between 2009 winter and 2015 winter in 
a traditional lecture format with no prior experience teaching in a blended learning, flipped classroom 
format.  

Data Collection and Analysis 

To respond to our research questions, three surveys were developed and administered with 
Likert-type and open-ended questions. Survey 0 was administered on the first day of class to primarily 
collect information on the student population, Survey 1 was administered the week after the midterm 
due date, and Survey 2 was administered the last day of class (end of term). As well, data from the 
student course evaluations on educational quality (teaching effectiveness survey) conducted on the 
penultimate week of class were also used (Survey 3). The survey questions are described in the 
findings section below.  

The descriptive statistical tools, median and frequency distribution, were used for the analysis 
of the survey data. 

Findings  

The presentation of the study’s findings is divided into two parts. Each part responds to one of 
the study’s two research questions. In the findings, we will speak of “the students” which means the 
students in the course who participated in the study.  

Students’ Experiences with the Flipped Classroom Design Overall  

The data for the first research question – how students judge their experience with the flipped 
classroom design overall – were primarily drawn from three questions from Survey 1 and 2. Table 1 
presents students’ responses to the three questions.  
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Table 1  

Students’ Judgment of their Experience with the Flipped Classroom Design Overall  

Questions	 Questionnaire	
Conduct	
Period	

N,	%	
of	

class	

Median	 1	
(Strongly	
Disagree)	

2	 3	 4	 5	
(Strongly	
Agree)	

You	have	adjusted	to	the	
flipped	classroom	learning	
approach.	
	

Post	midterm	 72,	
64%	

Agree	 0	 12	 19	 35	 6	

End	of	term	 72,	
64%	

Agree	 7	 17	 9	 28	 11	

Flipped	classroom	teaching	
approach	made	you	feel	
more	comfortable	asking	
questions	or	initiating	
discussions	compared	to	the	
traditional	lecture	style	
teaching	approach.	

	

Post	midterm	 70,	
63%	

Agree	 3	 9	 14	 27	 17	

You	feel	more	in	control	of	
your	learning	in	this	flipped	
classroom	compared	to	a	
traditional	lecture	style	
teaching	approach.	
	

Post	midterm	 73,	
65%	

Agree	 4	 10	 18	 33	 8	

End	of	term	 72,	
64%	

Agree	 7	 16	 7	 31	 11	

In response to the first questions, slightly more than half agreed or strongly agreed that they had 
adjusted to the flipped classroom learning approach, and they felt more in control of their learning in 
the flipped classroom compared to a traditional lecture style teaching approach. These numbers stayed 
consistent from the middle to the end of the course. At the end of the course, about one third of the 
students said they did not adjust to the flipped classroom learning approach, and they did not feel in 
control of their learning compared to a traditional lecture style teaching approach. The number of 
students with these sentiments had doubled and increased by about three quarters, respectively, from 
the midway mark to the end of the course. At the midway mark, almost two-thirds of students judged 
that, compared to the traditional lecture style teaching approach, the flipped classroom approach made 
them feel more comfortable asking questions or initiating discussions. Only 17% disagreed or strongly 
disagreed with their peers’ judgment. It is noteworthy that the Table 1 questions were presented for the 
“flipped classroom design”; however, since there was no separation of “blended learning” and “flipped 
classroom” in the survey questions, it would be appropriate to consider “flipped classroom design” to 
refer to a flipped classroom design with a blended learning component. 

Students’ overall judgment of their experience with the flipped classroom design must be 
viewed in the context of workload and level of difficulty relative to other courses. Table 2 addresses 
these aspects of students’ experiences with the course.  
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Table 2 

Students’ Judgment Collected from Surveys on the Penultimate Class of the Amount of Work and the 
Level of Difficulty of the Course Overall 

Question	 N,	%	
of	
class	

Median	 Very	
Light	

Light	 Average	 Heavy	 Very	
Heavy	

Course	workload,	relative	to	
other	courses	was		

72,	
64%	

Heavy		 0	 1	 14	 26	 31	

Hours	per	week	required	
outside	of	class		

71,	
63%	

Heavy	 1	 7	 25	 25	 13	

Question	 N,	%	
of	
class	

Median	 Very	
Easy	

Easy	 Average	 Difficult	 Very	
Difficult	

Course	difficulty,	relative	to	
other	courses		

73,	
65%	

Very	
Difficult	

0	 0	 0	 19	 54	

Question	 N,	%	
of	
class	

Median	 Too	
Slow	

Slow	 About	
Right	

Fast	 Too	Fast	

Course	pace	was	 73,	
65%	

Fast	 0	 0	 28	 38	 7	

When compared to other courses, about 80% of students considered the course workload heavy 
or very heavy and 100% of students considered the course difficult or very difficult. Considering that 
46% of the students did not spend more than an average number of hours on the course outside of class 
time, for many of the students who found the workload (very) heavy and the course content (very) 
difficult, this did not translate into more hours spent on the course outside of class time.  

In addition to the findings that almost all students judged the course workload as (very) heavy 
and its content as (very) difficult, about 6 in 10 students considered the course pace fast or too fast. 
Overall, this suggests that the non-chemistry major students found the course content very demanding. 
While content is always experienced in the form in which the content appears to the learner, we suggest 
that the data presented in Table 2 indicate challenges that non-chemistry majors face in learning 
content of an introductory organic chemistry course regardless of the course design and, thus, students’ 
experiences with the specific course design under investigation here – i.e., the flipped classroom design 
– have to be interpreted in light of these design-independent challenges.  

To help with the future planning of the course delivery, the survey asked students’ views on 
their preferred schedule for the course if offered with a flipped classroom design (Table 3). Table 3 
shows that almost all students preferred between 120 and 150 minutes of total instruction per week. 
However, in terms of how those minutes are to be distributed, 6 out of 10 students prefer to have the 
class time not in one block per week (as was the schedule of the course delivery for this study), but 
rather in a split of two (28%) or three (28%) sessions per week. Most of the students clearly preferred 
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spreading the in-class learning over two or three sessions per week rather than “cram” all the material 
into one in-class session. 

Table 3 

Students’ Judgment Collected from Surveys at the End of Term on Different Course Schedule Schemes 
(N end of term=72, 64%)  

Question	 One	2	hr	
class/week	

One	>2	hr	
class/week	

One	<2hr	
class/week	

Three	50-
minute	
classes/week	

Two	75-
minute	
classes/week	

For	the	flipped	classroom	teaching	
approach,	which	schedule	format	
would	you	prefer?	

33%	 10%	 1%		 28%	 28%	

Students’ Judgment of their Experience with the Different Design Components 

The findings for the second research question – the question of how students judged their 
experience with the different design components – are divided into two parts. In the first part, we asked 
students to judge their experience with the design components and in the second part, we asked 
students to judge their engagement with the design components. Table 4 shows students’ responses to 
five questions relating to the first part.  

Overall, for each design component, between 50% and 75% of students found the respective 
component a good use of their time, valuable or effective for their learning of organic chemistry, while 
between 15% and 30% of students found the respective components not a good use of their time, and 
not valuable or effective for their learning of organic chemistry. More specifically, students’ responses 
to the four components fell into two groups. The online homework and the video lectures with problem 
solving assignments both were found helpful by a significantly fewer number of students than was the 
case for the other two components (about 50% compared to about 33-75%) and had a much higher 
number of students who found both less helpful to their learning than was the case for the other two 
components (about 25-30% compared to about 10-15%, respectively). The intent for using an online 
homework system was to give students an opportunity to practice questions and receive feedback as 
well as provide the instructor with a litmus test on the students’ understanding of the material (any 
deficiencies could be covered in the review lectures). The choice of online homework systems was 
based on the textbook used since their information readily complemented each other. The instructor 
reported that the students initially had some difficulty understanding the questions and/or how to input 
an answer, and these barriers may have been resolved for some students by the end of the term. 

  



	 	 CJLT/RCAT	Vol.	47	(1)	

Students’	Learning	Experience	with	a	Flipped	Introductory	Organic	Chemistry	Course:		
A	Course	Designed	for	Non-Chemistry	Majors	 	 	 	 	 	 	 	 10	

Table 4 

Students’ Judgment of their Experience with the Different Design Components  

Questions	 Questionnaire	
Conduct	Period	

N,	%	of	
class	

Median	 1	
(Strongly	
disagree)	

2	 3	 4	 5	
(Strongly	
agree)	

You	value	the	opportunity	
to	work	with	other	
students	in	groups.	

Post	Midterm	 71,	
63%	

Agree	 0	 8	 12	 35	 16	

End	of	Term	 70,	
63%	

Agree	 4	 8	 12	 30	 16	

In-class	group	work	was	a	
good	use	of	your	time	for	
learning	organic	chemistry.	

Post	Midterm	 72,	
64%	

Agree	 2	 8	 11	 32	 19	

End	of	Term	 72,	
64%	

Agree	 8	 7	 18	 31	 8	

Doing	the	online	
homework	was	a	good	use	
of	your	time	for	learning	
organic	chemistry.	

	

Post	midterm	 72,	
64%	

Agree	 8	 11	 19	 30	 4	

End	of	term	 72,	
64%	

Agree	 7	 10	 17	 33	 5	

Watching	video	lectures	
and	problem	solving	were	
more	effective	in	your	
learning	compared	to	
traditional	lecture	style	
teaching	approach.	

	

Post	midterm	 72,	
64%	

Neutral	 7	 8	 22	 22	 13	

End	of	term	 72,	
64%	

Agree	 8	 13	 12	 30	 9	

The	introduction	given	by	
the	lecturer	at	the	
beginning	of	each	class	
and/or	the	preview	at	the	
end	of	each	class	were	a	
good	use	of	time	for	
learning	organic	chemistry.		

	

Post	Midterm	 72,	
64%	

Agree	 2	 4	 11	 32	 23	

End	of	Term	 72,	
64%	

Agree	 1	 6	 15	 37	 13	

The accompanying review and preview lectures had the strongest affirmation by students with 
76% (midway) and 69% (end of course), respectively, among the design components. Linking these 
findings with the results to the first research question, the students’ positive experience with the review 
and preview lecture design components is not an indication that students prefer the traditional lecture-
style design of teaching over the flipped classroom design experience. Rather, the findings should be 
understood to suggest that the specific features of the review and preview lectures complemented other 
components of the design. The lectures were characterized as being relatively brief (up to 20 minutes) 
and they either reviewed material that students were already familiar with (review lectures) through 
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their prior engagement with other design components (video and online homework) or the lecture 
provided a general overview of material to be learned (preview lectures), where the main engagement 
with the material was pending (video, online homework, review lectures, and group work on 
problems). In this context the lecture was not the main form of engagement with new material, as is the 
case in traditional lecture-style design of teaching in higher education.  

The findings on how students engaged with the different design components are drawn from 
student responses to the seven questions listed in Table 5.  

Table 5 

Students’ Judgment of their Experiences with the Way the Different Components Engaged them during 
Class  

Questions	
Questionnaire	
Conduct	Period	

N,	%	of	
class	

Median	 1	 2	 3	 4	 5	

Students	were	encouraged	to	participate	
in	class	discussions	
(1	=	Strongly	disagree,	5	=	Strongly	agree)	

Penultimate	
class	

73,	
65%	

Agree	 0	 2	 6	 35	 30	

Students	were	invited	to	share	their	ideas	
and	knowledge	
(1	=	Strongly	disagree,	5	=	Strongly	agree)	

Penultimate	
class	

72,	
64%	

Agree	 0	 1	 13	 37	 21	

Students	were	encouraged	to	ask	
questions	and	were	given	meaningful	
answers	
(1	=	Strongly	disagree,	5	=	Strongly	agree)	

Penultimate	
class	

73,	
65%	

Agree	 1	 2	 5	 34	 31	

Students	were	encouraged	to	express	
their	own	ideas	and/or	question	the	
instructor	
(1	=	Strongly	disagree,	5	=	Strongly	agree)	

Penultimate	
class	

72,	
64%	

Agree	 0	 3	 9	 38	 22	

You	engaged	actively	in	the	assigned	
group	work.	
(1	=	Strongly	disagree,	5	=	Strongly	agree)	

Post	Midterm	 72,	
64%	

Agree	 0	 3	 13	 37	 19	

End	of	Term	 72,	
64%	

Agree	 2	 4	 19	 28	 19	

On	average,	the	problems	discussed	in	
class	were	
(1	=	Too	easy,	3=	about	right,	5	=	Too	
hard)	

End	of	Term	 70,	
63%	

Harder	 1	 0	 30	 30	 9	

Approximately	what	percentage	of	the	
assigned	homework	questions	from	the	
textbook	were	completed?	
(1=none	or	almost	none,	2=some,	
3=about	half,	4=most,	5=all	or	almost	all)		

End	of	Term	 72,	
64%	

Some	 30	 28	 7	 6	 1	



	 	 CJLT/RCAT	Vol.	47	(1)	

Students’	Learning	Experience	with	a	Flipped	Introductory	Organic	Chemistry	Course:		
A	Course	Designed	for	Non-Chemistry	Majors	 	 	 	 	 	 	 	 12	

In the judgment of about 8 out of 10 students, their experience with the course design suggested 
high quality learning experiences in accordance with university course evaluation standards in terms of 
opportunities for students to participate in class discussions, share their ideas and knowledge, and ask 
questions and receive meaningful answers. Of the design elements, the group work component took 
most of the in-class time but provided these opportunities best. At least two-thirds of the students said 
they were actively engaged during the group work, although many found the group-work questions 
harder or too hard. These findings suggest that overall a clear majority of students judged their 
experiences with the in-class group work as beneficial to their learning.  

Understanding the reason for the decreased engagement in group work from the midway to the 
end of the course needs further exploration through more in-depth qualitative interviews, to build on 
the overwhelmingly positive experiences with the group work components during the first half of the 
course.  

Compared to the group work component, the data suggest that students judged their engagement 
with the homework component far less favourably. Students overwhelmingly did not take up the 
learning opportunities provided by the homework component. Possible explanations might be the 
following: firstly, the sheer number of suggested textbook problems might have been a demotivating 
deterrent rather than an opportunity and, secondly, compared to the in-class group work on problems, 
where the instructor and peers were available for support, the homework component left students on 
their own to deal with the problems. Considering how students judged the level of course content 
difficulty (see Table 2), being left on their own to approach many problems might explain their 
reluctance to engage with the homework component. Considering that almost 8 in 10 students found 
the workload for the course heavy or very heavy compared to other courses (see Table 2), students who 
might have found the homework problems a good opportunity to practice and deepen their 
understanding still may have been reluctant to try the homework problems.  

Discussion 

One of the special features of this study compared to other studies on flipped classroom design 
in teaching post-secondary chemistry classes is that the participants are non-chemistry major students, 
for typically half of whom this course is the terminating chemistry course in their degree program. 
Looking at students’ judgments on the overall flipped classroom design, the following picture emerges. 
Most students felt they had adjusted to the flipped classroom design halfway through the course and, 
compared to traditional lecture-style teaching, they reported feeling more in control of their learning 
and more comfortable asking questions and initiating discussions. About 8 out of 10 students, judged 
their experiences with the course design overall as a high quality learning experience in accordance 
with university course evaluation standards in terms of opportunities for students to participate in class 
discussions, share their ideas and knowledge, and ask questions and receive meaningful answers. From 
the perspective of the student majority, all flipped classroom design components were considered a 
good use of their time or valuable or effective for their learning of organic chemistry. Particularly the 
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group work component and the review and preview lectures were considered by about 66% and 75% of 
the students, respectively, as valuable and effective in their learning of organic chemistry.  

This overall positive finding of a flipped classroom design use for non-chemistry major students 
aligns with the findings of a similar group of study participants (Christiansen, 2014; Rein & Brookes, 
2015). Like the findings in the literature (Rein & Brookes, 2015), students preferred watching videos 
over having a lecture because the videos provided greater flexibility of learning compared to a 
traditional lecture-style teaching approach (Smith, 2013; Weaver & Sturtevant, 2015). This study “fine 
tunes” the finding that students might prefer the flexible video lecture over lecture-style teaching per 
se, but that their judgment is relative to the quantity and placement of the lecture-style teaching. In this 
study, a clear majority of students judged the in-class short review and preview lectures as the most 
beneficial design component of the course, significantly better than the video component. As 
mentioned above, compared to an only-in-class-lecture experience, these lectures were characterized as 
relatively brief and they either reviewed material that students were to some degree already familiar or 
provided an overview of upcoming new material. 

The overall findings of this study – and other studies involving non-chemistry majors – must be 
seen in the context that all students found the course content (very) difficult and about 60% of the 
students found the course pace fast or too fast. Content quantity and learning pace are contextual 
parameters which must work within the course design for non-chemistry majors. Course workload, 
while directly influenced by content and pace quality, is also influenced by course design. The study 
findings that the majority of students judged the course workload as (very) heavy aligns with the 
findings of other studies on flipped classrooms, regardless of whether study participants were non-
chemistry majors (Shattuck, 2016; Smith, 2013). While students may find that most or all their courses 
have a heavy workload, our findings raise the question of whether judgments of “workload” have a 
perceptual rather than factual aspect having more to do with the number and newness of components in 
a flipped classroom design. In addition, time management is part of a major component of learning 
course content in a flipped classroom design that some studies report might be perceived as increased 
workload (Reid, 2016).  

The core feature of any flipped classroom design is that in-class traditional lecture-only or 
lecture-dominant activity is replaced with activities that consider that students already have a lecture-
style exposure to the content prior to coming to class in which they were scheduled to (further) learn 
about that very content. Some form of problem-based group or peer-to-peer work is commonly used for 
such activity (Christiansen, 2014; Eichler & Peeples, 2016; Fautch, 2015; Weaver & Sturtevant, 2015). 
Weaver and Sturtevant (2015) found that, when asked, most students in flipped chemistry classrooms 
appreciate and prefer some form of peer-to-peer learning activity.  

Additionally, Naibert et al. (2020) recently compared flipped general chemistry courses in five 
American institutions and found that the student engagement in watching videos varied depending on 
the structure (face-to-face) of the lecture periods. It should be noted that there is some heterogeneity in 
the course component designs such as different video lengths, numbers of videos to watch, how 
information was presented in the videos, and whether grade incentives were given for watching the 
videos. However, one of the conclusions drawn from their study was that students were more likely to 
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watch the videos if they must participate in group work during the lecture periods (irrespective of grade 
incentives). Therefore, this synergistic relationship of watching video resources and participation in 
group work are mutually beneficial in design.  

Our study suggests that using a problem-based peer-to-peer activity as a core in-class activity in 
a flipped classroom design needs some important distinctions. At the end of the course, about two-
thirds of the students in our study found the opportunity to work with other students beneficial, while 
only about one-half of the students found the group work activity a good use of their time. This 
suggests that several students drew a distinction between peer work and group work activity, which in 
turn suggests that the qualities of the peer-to-peer activity beyond working with peers needs to be 
considered in the design and future studies need to be designed with this distinction in mind. 
Casselman et al. (2020) also found that when class time was limited to 90 minutes, students did not 
demonstrate additional skills-based performance gains after collaborative group work. Using Hogan’s 
(1999) theory of knowledge construction, the authors cite the limitations of a short interaction period 
with instructor and peers might be attributed to the minimal effect on skills-based performance 
compared to only asynchronous pre-lecture online learning. Therefore, the content design and duration 
of the group work activity should be considered. The findings of Casselman et al. (2020) contrast with 
what our students perceived as beneficial to them because a majority preferred to have two 75-minute 
lecture periods/week or three 50-minute lecture periods/week. We hypothesize that a shorter lecture 
period requires more frequent preparation by the students; however, this would be at a lower cognitive 
load for each lecture period, and therefore, more manageable for keeping up with course content.  

Conclusion 

This study contributes to the growing research on the impact of flipped classroom designs in 
postsecondary chemistry courses for students and on the small contingent of studies focusing on non-
chemistry majors. The findings of the study generally support the findings of those studies; however, 
this study suggests the need for a more nuanced approach in future studies when inquiring into (non-
chemistry major) students’ judgment about their experiences with a flipped classroom design. These 
findings suggest the need for qualitative research studies to better understand the quality of students’ 
experiences with flipped classroom designs and the different design components, considering that 
certain design components seem to have to be taken up more readily by students than others. 
Qualitatively oriented studies could also provide a better understanding of the mechanism by which the 
in-class activities are impacting students’ learning and students’ judgment about their learning.  
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