
Student Response to a Partial Inversion of an Organic Chemistry
Course for Non-Chemistry Majors
Kathleen S. Rein*,† and David T. Brookes‡

†Department of Chemistry and Biochemistry and ‡Department of Physics, Florida International University, Miami, Florida 33199,
United States

ABSTRACT: We report the student response to a two-year transformation of a one-semester
organic chemistry course for nonchemistry majors. The transformed course adopted a peer led
team learning approach and incorporated case studies. Student attitudes toward the course
transformation were assessed throughout the semester, and adjustments to the methods were
made in response to student surveys. No change in student performance on exams was observed
compared to a traditional lecture course. However, significant improvements in the end of course
“Student Assessment of Instruction” were recorded.
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■ INTRODUCTION AND OBJECTIVES

Teaching chemistry to nonchemistry majors can present unique
challenges for faculty. This is particularly true when the subject
is as infamous as organic chemistry. Students begin the
semester with preconceived notions about the difficulty of the
material and are intimidated by what they have heard from their
peers1 or in the popular media. Recall Skylar’s comments to
Will regarding organic chemistry in the film Good Will Hunting:

“Yeah, it’s SO much fun studying organic chemistry. Are you
mad? Have you completely lost your mind? Nobody studies it
for fun.”2

Instructors have much to overcome from day one. Often
students resent the need to meet this requirement: an attitude
that can be exacerbated by the abstract nature of the subject
and the student’s inability to perceive either the relevance that
organic chemistry has to their major or any connections to
everyday life. Attendance and student engagement in these
required courses for nonmajors is often low. Student-centered,
guided-inquiry instruction methods such as PBL (problem-
based learning), POGIL (process-oriented guided-inquiry
learning) or PLTL (peer led team learning) have been reported
to enhance student performance, engagement, and satisfaction
in science courses.3,4 The majority of these studies have focused
on courses for science majors. The few reports related to
teaching science to nonmajors have indicated that student-
centered, inquiry-based approaches are effective in improving
attitudes and performance among nonmajors as well.5,6

One of the primary challenges of transforming any course
into a more student-centered format lies in the fear of change,
both on the part of the students and the instructor. First, it is
well documented that students are resistant to change.7 This
resistance can lead to declining course evaluations and general
dissatisfaction with the course.8 Second, instructors also

struggle with change, which often means letting go of their
own preconceptions about learning based on their prior
learning experiences.9 These two factors can compound
together. Faced with student dissatisfaction, instructors may
quickly give up on innovation and retreat to the more
comfortable and familiar “lecture mode” of instruction.
We report the student response to a two-year course

transformation of a one-semester organic chemistry course for
dietetics and nutrition and environmental studies majors.
Ultimately, the goal of the course transformation was to
increase learning, retention, and student satisfaction when
compared to a traditional lecture format. The approach taken
was to increase student engagement through the use of active
learning pedagogies and to stimulate student interest in the
course material through the use of case studies. One of the key
elements of the course transformation was the instructor’s
repeated use of surveys of her students’ opinions as a formative
assessment tool10 to gauge their reactions to the new course
elements and to make necessary adjustments in light of those
opinions. Our research goals were to (a) evaluate the
effectiveness of the transformation and (b) determine if
adjustments made in response to evaluative surveys could
improve students’ attitudes toward the transformation.

Methodology and Course Transformation

The transformed course was approximately 50% inverted and
most closely resembled a PLTL-based approach to instruction
as the learning activities did not replace but rather
supplemented the lecture.11 The inverted classroom involves
reversing the timing of content delivery (typically the lecture
part of a traditional classroom) and homework.12 Therefore,
the students participate in a passive way by viewing content
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outside of the classroom, which frees class time for active
learning in the classroom. Technological advances have made
content delivery through videos, recorded lectures, or podcasts
accessible to even the least tech savvy of us.13,14 In a typical
week, students met for small group (5−6 students) problem
solving “workshops” during one of two scheduled class periods
and for a lecture during the second. Incorporation of exam days
into this schedule resulted in 12 workshops during the 16-week
semester. Undergraduate learning assistants (LAs) acted as peer
leaders on workshop days, which resulted in an instructor/
student ratio between 1:15 and 1:18. To offset the class time
devoted to workshops, students were required to view
prerecorded videos. PowerPoint presentations, which had
been used in the traditional lecture course, were converted to
narrated videos using the software Camtasia and were uploaded
to YouTube. Some of the videos were prepared using the free
program SmoothDraw along with Camtasia. The majority of
the videos are “unlisted”, meaning that they cannot be
identified through a search and can only be accessed through
the URL. Students accessed the videos via links in the course
learning management system (LMS). Videos ranged in length
from 5 min to a maximum of 15 min with an average time of 11
min. Weekly video assignments ranged in time from 1.25 h to
as little as 37 min. A total of 10 h of videos was recorded.
Because many of the problems presented during workshops
had been used as examples during the traditional lecture-only
course, it was not necessary to compensate for all of the time
devoted to workshops.
In 2012, each group was given a case study assignment

approximately two-thirds through the semester. Teaching with
case studies has been used widely in law, medicine, and
business15 but less frequently in science teaching. Typically, the
objective of the case-study approach is skill-building. In our
case, the objective was to help students make connections
between organic chemistry and “real life”. The timing of the
case presentations was such that they were used to reinforce or
illustrate earlier concepts rather than to introduce new
concepts. Each group was required to prepare a PowerPoint
presentation detailing the organic chemistry concepts under-
lying the issue and present their findings to the class in a 10-
min talk during the last week of the regular class period. These
presentations were worth 10% of their overall grade. Examples
of case-study topics and the corresponding concepts are listed
in Table 1. When taught in 2013, the case studies were
incorporated into the lecture period and were presented either
by the LAs or by the professor in the form of whole-class
discussion. Bonus questions related to case studies were
included on exams and could raise a student’s overall grade
by 2%.
Students were surveyed periodically throughout the course:

immediately after the first and second workshops, immediately
after the first exam, and after the final exam. Surveys were
conducted online through a MOODLE (modular object-
oriented dynamic learning environment) platform. Students
who answered the surveys did receive one extra-credit point per
answer, which could contribute up to 1.5% of their overall
course grade. After the final exam, students were given an
opportunity to explain their answers to their survey questions
and to make any open-ended comments on the course. Finally,
the results of the institution’s end-of-course faculty evaluation
are provided as a measure of student satisfaction.

■ RESULTS
This course transformation appeared to have little effect on the
overall grades or completion rate. The average of three exams
among students who completed the course was 62.7% (SD =
16.8, n = 225) in 2012 and 64.2% (SD = 14.5, n = 192) in 2013
compared to 63.5% (SD = 14.2, n = 222) for the traditional
lecture course taught in 2011. A two-tailed t-test confirms that
there is no significance difference in final grades between the
years 2011 and 2012 (t = 0.55, p = 0.29) or years 2011 and
2013 (t = 0.13, p = 0.45). While the exams were not identical
from year to year, questions were written based on the same
learning objectives, and all exams had the same point
distribution of multiple choice, short answer, and extended
response questions. In some instances, minor changes to
wording or molecules were changed. The percentage of
students who completed all three exams was 88% during the
two semesters that the transformed class was taught compared
to 90% (n = 80) for the traditional class (n = 155), (χ2 = 0.97, p
= 0.32). After each of the first two workshops, the majority of
the students reported that group problem solving helped them
to learn the material and that watching the course videos
prepared them for problem solving (Figure 1). After the first
exam, the majority of students felt that problem solving was an
effective or somewhat effective way to prepare for exams
(Figure 1). There are no statistical difference in student
responses (χ2 < 2.5, p > 0.12) to early and midcourse surveys
between weeks within the same year or between the same
weeks of different years, with a single exception. After week
one, 78% (n = 59) of respondents indicated that watching
course videos prepared them for workshops in 2012 versus 56%
(n = 84) of respondents in 2013 (χ2 = 5.24, p = 0.02). Students
appeared to be less satisfied with videos during the first week of
2013. We do not have an explanation for this observation.
However, there is no statistical difference in the combined
responses of “yes” and “somewhat” when compared to all other
possible responses (p = 1, two-tailed Fisher exact probability),
and by the end of week two, students were equally satisfied with
watching videos during both years (χ2 = 0.04, p = 0.84).
End of Course Surveys

The results of the end of course survey are shown in Figure 2.
Students were asked what they liked the most, what they liked
the least, what they would like more of, what would be their
preferred course format, and whether they believed that

Table 1. Case-Study Topics and Relevant Concepts

Case-Study Topic Relevant Concepts

Thalidomide and chiral drugs stereochemistry
Barry Bonds designer
steroids

synthesis, structure elucidation

Fix-a-Flat cationic polymerization
Shellac manicure free-radical polymerization
Melamine cyanurate in pet
food

aromaticity, pKa, hydrogen bonding

Curcumin in turmerica keto−enol tautomerization, pKa, UV−vis
spectroscopy

Taxol synthesis synthesis of complex molecules
DHA and EPA in baby
formula

PUFAs structure, chemical, and biological
properties

Disposable diapers and
contact lenses

cationic polymerization and intermolecular
interactions

Postit note glue vs superglue
adhesives

anionic/cationic polymerization and
intermolecular interactions

aAdapted from the National Center for Case-Study Teaching.16
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working in a group setting was an effective way to learn the
course material. After the first year of the course transformation
in 2012, 41% of the students reported that the activity that they
liked the least was the workshops. When asked to explain their
reasons, 38% of the 63 students who responded indicated that
some group members were unprepared, or they expressed some
sort of dissatisfaction with members of their group. Other
reasons given were insufficient time to complete the group
assignment (22%), not enough LAs to assist with problems
(13%), LAs were not equally prepared (13%), the classroom
set-up was not ideal for group work (8%), workshops were too
frequent (8%), or they took away too much time from lecture
(8%).
Adjustments in Response to End of Course Surveys

In 2012, small groups were assigned at random before the first
exam. After the first exam, groups were assigned in such a way
that each group would have a similar grade distribution based
on exam scores. These groups stayed together for the
remainder of the semester (eight workshops). Group problem
assignments contributed to the student’s final grade (12%) in
both years. It was therefore important that each group member
come prepared and contribute to the group effort. Highly
motivated students expressed their frustration with students
who were unmotivated or struggling with the material. Students
who found the material highly challenging felt intimidated by
the highly achieving students. Mindful of student complaints
about group dynamics, workshop groups were managed

differently in 2013. Groups were again assigned at random
before the first exam and reassigned after each exam in such a
way that each group would have a similar grade distribution,
and no two students would be in the same group twice. This
way, each group was together for only four workshops. In
addition, five students who failed the first exam but who
appeared to make an effort to complete online assignments
were grouped together, and an LA was assigned exclusively to
this group. Ultimately, three of those students dropped the
class, one completed the class with a D, and the fifth student
completed the class with a C.
In response to student comments about insufficient time to

complete the assignments, a second adjustment to workshops
was made. Each workshop included practice problems that were
not graded for which the students received assistance from the
professor or LAs and a set of problems that were solved
without assistance and turned in for a group grade. The graded
problem set should have been straightforward after the students
mastered the practice problems. In 2012, students were given
both problem sets during the workshop. When taught in 2013,
practice problem sets were assembled into a booklet that was
distributed to the students at the beginning of the semester,
which provided the opportunity to be better prepared for
workshop days.
While it was not practical to increase the number of LAs

because of limited resources, it was possible to ensure that all
LAs were prepared through weekly meetings prior to the
workshop. Finally in 2013, the course was moved from a fixed-
seating format to a more appropriate classroom. These
adjustments, which addressed the majority of the student
complaints pertaining to workshops, resulted in statistically
significant increases, shown in Table 2, in the percentage of

students who reported that they liked workshops the most
(from 10% in 2012 to 25% in 2013, χ2 = 5.09, p = 0.02) and

Figure 1. Results of student surveys. Questions were: (1) I believe that
workshops are an effective way to learn course material. (2) Watching
course videos prepared me for workshops. (3) Workshops are an
effective way to prepare for exams.

Figure 2. End of course survey. (A) Students were asked what components of the course the liked best, liked least, and wanted more. (B) Students
were asked their preference of course format. (n = 70 for 2012, n = 65 for 2013).

Table 2. Statistical Analysis of the Change in Students’
Survey Responses Shown in Figure 2

Indicated Response versus Sum of All Other Responses

Response χ2 p

Liked workshops the most 5.09 0.02
Liked workshops the least 4.29 0.04
Wanted more workshops 3.83 0.05
Wanted more videos 3.09 0.08
Wanted more case studies 1.55 0.21
Prefered a traditional lecture 0.82 0.36
Prefered 50% inverted 1.44 0.23
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wanted more workshops (from 13% to 26%, χ2 = 3.83, p =
0.05) and a concomitant decrease in the percentage of students
who reported that they liked workshops the least (from 41% to
25%, χ2 = 4.29, p = 0.04).
Students reported that the activity that they liked the most

(47% the first year and 34% the second year, χ2 = 3.09, p =
0.08) was watching the videos that were prepared specifically
for their course. Additionally, 47% of students surveyed in the
first semester indicated that the activity that they would like
more of was course videos. Between 2012 and 2013, the
number of videos available increased from 43 to 57. This may
account for the reduction in the number of students reporting
that they would like more videos in 2013. On the other hand, a
number of Khan Academy videos was assigned and was among
the most disliked activities. This was somewhat surprising.
However, it may be that these videos are overly detailed for a
one-semester course.
Student response to case studies was neither overwhelmingly

positive nor negative regardless of the manner in which they
were incorporated into the class or graded: 10% and 8% (2012
and 2013 respectively) reported they liked case studies the
most, and 13% or 9% reported that they liked case studies the
least. The number of students who reported that they wanted
more case studies doubled between 2012 and 2013, from 7% to
14%. However, the change was not statistically significant (χ2 =
1.55, p = 0.21).
When asked about course format, the majority of students in

both semesters indicated that they prefer the current course
format of 50% inverted (67% and 74%) over either a traditional
lecture course (15% and 9%) or a completely inverted course
(21% and 17%). These changes were also not statistically
significant (χ2 = 0.82, p = 0.36; χ2 = 1.44, p = 0.23). However,
we did not anticipate that they would be statistically significant.
Even though students reported that they prefer videos over
lecture, they do seem reluctant to give up lectures entirely;
however, it may be argued that this reluctance to move to a
completely inverted course may be a fear of the unknown. On
the other hand, 15% or fewer of the students indicated that they
would prefer a traditional lecture course, and these students
were certainly familiar with a traditional format.

Student Assessment of Instruction

The student assessment of instruction is a 15-question end-of-
course evaluation used by the author’s institution to evaluate
teaching. Significant improvements were recorded in responses
to most categories from 2011 to 2012 and in all categories from
2011 to 2013. Select results are shown in Figure 3 with
statistical analysis of survey results shown in Table 3. Most
noteworthy are improvements in “facilitation of learning”,
“stimulation of interest in the course”, and “communication of
ideas and information”. A more modest increase in student
perception of “use and management of class time” was
recorded.

■ DISCUSSION

While it is disappointing that students did not perform any
better on exams after the intervention, our null result adds to a
growing body of literature on the limitations and successes of
reformed instructional methods such as guided inquiry, case
studies, and the inverted classroom. Some studies have
demonstrated the effectiveness of the inverted classroom
approach in changing students’ attitudes17 and improving
learning.18 However, He et al. did not observe a statistically

significant improvement in overall grades in an analytical
chemistry course using online video tutorials.19 Likewise, Dinan
did not observe a change in overall grades in a team-based
organic chemistry class.20 More recently, Christiansen reported
no gains in student exam scores from an inverted organic
chemistry class when compared to a traditional lecture format
(although the sample sizes were quite small).21 Conway
observed larger gains in student performance in a nonmajors
organic/biochemistry course when the course was exclusively
POGIL over a half-POGIL course when compared to a
traditional lecture format.5 Another key factor that should be
considered is the alignment between instructional methods and
assessments. To facilitate a direct comparison between
traditional and reformed instruction, the author made an effort
to keep the exam questions similar across the years. However,
several researchers have argued that if the learning goals and
activities change, then the assessments should also change to
align more closely with those new learning goals.11,22,23

Partial inversion and incorporation of collaborative learning
and case studies into an organic chemistry course for
nonchemistry majors was generally well received by students.
Students overwhelmingly preferred watching videos over
lecture. Students commented that because the videos were
brief, their attention did not wander and that they could rewind
when they did miss an important point and view the videos as
many times as needed. It may not be necessary for faculty to
prepare their own course videos as there are literally hundreds
of chemistry-related instructional videos to choose from on
YouTube. However, instructors are cautioned to choose
carefully. Many of these videos are geared toward science
majors, and nonmajor students dislike watching videos that
they believe are overly complex or detailed or not directly
related to their course. Students felt that solving problems in
small groups was an effective strategy to learn the material and
reported that when they had problem sets ahead of time, they
were better able to identify key points in the videos and were
better prepared for workshops even if they did not attempt the
problems prior to the class period.
Our most important finding from this research is that group

dynamics significantly influenced student perception of the
value of group problem sessions (workshops). It was only by
implementing a detailed evaluation where students could give
open-ended written feedback that we were able to uncover the
problem, understand its source, and address it. Facilitation of

Figure 3. Average of values from the student assessment of instruction
(y-axis; 5 = excellent; 1 = poor). Number of respondents (2011,
Question 1) noted above the bar. Questions (x-axis): (1) Facilitation
of Learning, (2) stimulation of interest in the course; (3)
communication of ideas and information; (4) use and management
of class time; and (5) overall assessment of instruction.
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group interactions is arguably the most difficult aspect to
predict or control. By shuffling the groups several times during
the semester, before resentments could develop, and by
separating the students who were struggling with the material
from the rest of the class, we were able to significantly improve
the students’ views of and attitudes toward group work.
However, singling out the students who were struggling with
the material for extra attention made little difference in the
outcome and may be too large a commitment of limited
resources for very little return.
Significant improvements in the responses to several

questions on the end-of-course evaluation were observed, in
particular, “stimulation of interest in the course”. We attribute
this increase to the incorporation of case studies, even though
the student response to case studies was neutral (they neither
liked them best nor least). We attribute the increase in student
response to “facilitation of learning” to the incorporation of
problem-solving activities. To our surprise, an increase in the
response to “management of class time” was observed for the
transformed course. Loss of control in the classroom is perhaps
another reservation among instructors for incorporation of
active learning methods. Workshops seemed chaotic to the
instructor, and we anticipated that the incorporation of
workshops would result in a decrease in student perception
of “management of class time”. Clearly the students had a
different perception from that of the instructor. It is difficult to
interpret the increased response to “communication of ideas
and information” when identical PowerPoints (either real time
or recorded) covering the same material were presented by the
same instructor. This may simply reflect the students’ overall
satisfaction with the course or increased confidence in their
mastery of the material.
A major reservation that science faculty have with respect to

both the inverted classroom and the case-study method of
teaching is that both methods reduce the time available for
content delivery. This reservation is certainly valid in particular
for a high-content course such as organic chemistry. However,
Dinan reported covering 16 chapters after implementation of a
team-based learning method in an organic chemistry class
compared to the 14 chapters covered in the traditional lecture
course.20 In the case reported here, the traditional course
coverage varied over the years between 12 and 13 chapters.
Both semesters that the transformed course was taught, 12
chapters were covered. In a course for nonmajors, it is easier to
justify reducing the volume of material. The benefits of a small
reduction in content for group activities include enhancement
of critical thinking and social skills needed to work effectively as
part of a team. Perhaps more important, students may have a
deeper understanding of fundamental concepts and an
appreciation for the connections that organic chemistry has
to the world around them through case studies. A recent article
urges chemistry instructors not to “ignore the wonder” when
teaching chemistry by over emphasizing the text while

compromising this important pedagogical goal.24 This admon-
ition is particularly relevant for instructors of courses for
nonmajors.
From the faculty perspective, the incorporation of guided-

inquiry instruction can be intimidating but in the long run is a
far more rewarding approach to teaching. The author had an
actual conversation with every student taking the transformed
course. It is extremely gratifying to look out at a classroom full
of students who are actively engaged and arguing over how to
solve problems rather than watching the clock or struggling to
stay awake.
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