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Abstract
 The move from general chemistry to organic chem-
istry can be a challenge for students as it often involves 
a transition from quantitatively-oriented to mechanisti-
cally-oriented thinking.  This study found that the design 
of the general chemistry course can change the student 
experience of this transition as assessed by a reflective 
survey.  The general chemistry course design can also 
increase student confidence during the transition to or-
ganic chemistry course and simultaneously help students 
understand the commonalities that exist between the 
content of the two courses.  
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Introduction
 Atypical of most subjects, in chemistry a natural 
barrier exists between the traditional first two years of 
college-level courses.  Anderson and Bodner (2008) 
suggest the progression from quantitatively-oriented 
general chemistry to a typically mechanisms-oriented 
organic chemistry is often a challenge because students’ 
study skills, techniques, and methods may not translate 
smoothly.  As a result, students may be discouraged from 
continuing in the field, leading to fewer quality chem-
istry majors; in fact, the term “weeder course” is com-
monly associated with organic chemistry.  Pungente and 
Badger (2003) also point out that waiting for an organic 
chemist to address the commonalities between the two 
courses leaves opportunity for students to become cyni-
cal and approach organic chemistry from a perspective of 
memorization rather than understanding.  But this kind of 
dissonant experience is unnecessary: elements of organic 
chemistry can be introduced as part of the general chem-
istry curriculum (Gillespie, 1991; Hered, 1941).  Such an 
approach would allow students to build an understanding 
of organic chemistry atop their existing general chemistry 
foundation, potentially fostering deeper conceptual con-
nections between the two (Barrow, 1998) and breaking 
down the traditional, artificial dividing lines between the 
two courses so that students may begin to see its practical 

implications.  Subsequent reconnections back to general 
chemistry once students are in organic could then provide 
an anchor for newly learned concepts while simultane-
ously strengthening students’ comprehension of general 
chemistry concepts. 
 This idea of easing the transition by linking the or-
ganic and general chemistry curricula to improve stu-
dents’ understanding is a long standing idea (Gillespie, 
1991; Hered, 1941).  Some have opted to start with or-
ganic chemistry and use it to highlight general chemistry 
concepts (Coppola, Ege, & Lawton, 1997; Reingold, 2001; 
Scouten, 1992), while other curricula like ChemConnec-
tions (Anthony, Ferrett, & Bender, 2003) use real-world 
problems as part of a context-based approach, often 
requiring an introduction to organic chemistry.  Still oth-
ers have reported introducing techniques like IR spectros-
copy in general chemistry to facilitate student learning 
of bonding, polymers, and organic functional groups 
(Spector, 1994).  Most general chemistry textbooks now 
include at least one section of organic chemistry, whether 
it appears at the end or in the middle of the book to serve 
as a foundation for continued learning of general chem-
istry concepts like reaction kinetics and mechanisms.  As 
organic chemistry becomes more commonplace in the 
general chemistry curriculum as a means of clarifying 
certain concepts or engaging with practical, real-world 
issues, its relevance and impact on student performance 
must be assessed.
 To evaluate the impact of including organic chemistry 
in the general chemistry curriculum, one must investigate 
students’ existing perceptions of the relationship between 
the two courses, the transitional experience, and affec-
tive factors that may influence performance.  Lewis et 
al. (2009) previously found that high levels of student 
comfort and self-confidence in chemistry is crucial for 
students’ self-concept and is positively related to perfor-
mance even when controlling for the cognitive domain.  
Students with a positive attitude toward chemistry have 
shown a stronger potential for success (Steiner & Sullivan, 
1984) and their positive self-efficacy may prevent small 
obstacles from becoming barriers in their academic and 
professional pursuits (Gore, 2006).  Regressions by Turner 
and Lindsay (2003) using non-cognitive variables showed 
that confidence explained 20% of variance in females’ 

organic chemistry performance while anxiety predicted 
36% of males’ performance.  Other non-cognitive vari-
ables explored by Turner and Lindsay resulted in only weak 
or no correlations.
 However, the argument that we present here is not 
what variable most influences success in organic chem-
istry – as they can easily go hand-in-hand –, but that 
through design of the general chemistry course we can 
positively alter the student experience of the transition to 
organic chemistry.   Easing this transition should lessen 
the “pipeline” effect of organic chemistry (Elaine Seymour 
& Hewitt, 1997) by instilling confidence in students that 
would suggest a strong potential for success (Steiner & 
Sullivan, 1984).  Thus this study evaluates how changes 
to a general chemistry course impacts student perception 
of the transition to organic chemistry at Michigan State 
University (MSU). 

Setting for the Study
 General chemistry at MSU is offered through both 
the Chemistry Department in the College of Natural Sci-
ences (CNS) and through Lyman Briggs College (LBC), a 
residential science college (Sweeder, Jeffery, & McCright, 
2012).  Three different General Chemistry I and II sequenc-
es are offered by the CNS: one for chemistry/biochemistry 
majors (CChem), one for honors [not considered in this 
study], and one for other majors (GChem) (Table 1).  These 
courses explore traditional general chemistry curriculum, 
but have different exam formats (Table 1).  Topics covered 
in these courses include atoms, molecules, ions; reactions 
and stoichiometry; thermodynamics; periodic properties 
of elements; chemical bonds; states of matter; gas laws; 
solutions; acids and bases; aqueous reactions and ionic 
equations; reaction kinetics and mechanisms; gaseous 
and aqueous equilibria (incl. buffers, hydrolysis, and titra-
tions); heterogeneous equilibria of weakly soluble salts; 
electrochemistry; coordination chemistry; stereochemis-
try; and bonding within the transition elements.  [These 
two courses will sometimes be referred to collectively as 
UChem as we see no significant differences between the 
student responses in concerns or confidence and they do 
not contain substantial organic content or response pads.]  
Alternatively, Lyman Briggs offers one General Chemis-
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try I and II sequence (LBChem) that emphasizes most of 
the same content (excluding coordination chemistry), 
but adds a significant introduction to organic chemistry 
in the first semester.  In the second semester, organic 
examples are often used in instruction of the remain-
ing general chemistry concepts (e.g. bond energetics, 
mechanisms, acid/base reactivity, etc.).  Additionally, the 
LBChem course employs a more active learning approach 
featuring a student response system (clickers) and regu-
lar peer-peer discussion. To fulfill the university’s general 
chemistry requirement, university students are restricted 
to the UChem courses while LBC students may take either 
UChem or LBChem.  Students with no general chemistry 
credit from MSU were termed “Non-MSU credit” (likely 
received credit by transfer, AP, IB, or CLEP).

 Students from all general chemistry classes move 
into one of two versions of organic chemistry taught 
exclusively through the CNS (Table 1).  The more popu-
lated sequence (OLChem) serves life science and health 
science majors, while the other (OCChem) is designed for 
chemistry/biochemistry majors and students, addressing 
content at a slightly greater depth.  The exams in organic 
chemistry were open-ended.  Students’ grades in all of 
the chemistry courses (general and organic) were mainly 
generated from performance on three in-class exams and 
a final exam.  

Methodology
 This study combined reflective survey data with stu-
dent demographics and other grade data to examine vari-

ables affecting transition to and performance in organic 
chemistry.

Assessment tool
 To evaluate students’ experiences in general and 
organic chemistry, perceived connections between the 
course sequences, and perceived level of pre- and post-
organic confidence, a survey was developed and approved 
by the MSU Institutional Review Board (IRB# x07-446).  
This information was then combined with pre-course 
data obtained through the registrar.  The survey included 
free-response, five-item Likert scale, and limited choice 
questions (see summary in Table 2).  Opportunities for 
additional comments were provided intermittently.  Free-
response questions about students’ preparation for and 
transition to organic chemistry were asked before more 

Table 1. Overview of general and organic chemistry courses at Michigan State University

Table 2.   Examples of questions included on survey. Applicability were free response questions; confidence questions were Likert scale*;.
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directed items to reduce prompted bias.

Data collection and analysis
 Students were solicited for participation via email 
if they had taken Organic Chemistry I in one of four se-
mesters (N=2852).  Data was gathered via an online 
course management tool (ANGEL, 2008).  Students had 
four weeks to complete the survey, at the end of which 
39% (N=1103) students (UChem N=639, 35.6%; LB-
Chem N=292, 54%; Non-MSU N=159) responded with 
informed consent.  The respondents were representa-
tive of the overall population with respect to grades and 
incoming ACT scores.  Female students were more likely 
to respond to the survey for both UChem and LBChem, 
consistent with previous literature (Sax, Gilmartin, & Bry-
ant, 2003). Students who took both UChem and LBChem 
classes (N=13) were not included in any category.  All 
students had completed Organic Chemistry I prior to the 
survey and N=430 (39%) of the respondents were ac-
tively enrolled in Organic Chemistry II.
 Using the constant comparison method, two raters 
evaluated the free-response items to create categories 
from the recurrent themes and developed a rubric for each 
free-response question (Merriam, 2009).  Responses were 
then re-evaluated and coded into the appropriate cat-
egories.  A Cohen’s kappa inter-rater reliability of 0.794 was 
obtained for the “Aspects of Preparation” question and 0.822 
for the “Significant Concerns about Transition” question.
 Survey data was combined with additional student 
information including general chemistry grades, organic 
chemistry grades, GPA, ACT scores, and gender obtained 
through the Registrar’s Office.  Survey results and stu-
dent information data were analyzed using SPSS version 
20 (SPSS, 2012).  Pearson Chi Square tests were used to 
evaluate differences in reported pre- and post-organic 
confidence between LBChem and UChem students in 
matched triads by ACT score. Multiple linear regressions 
were used to evaluate factors that explained confidence.

Results and Discussion
 The gamut of responses to the question of what as-
pect of general chemistry most impacted students in or-
ganic chemistry was strikingly similar regardless of gener-
al chemistry experience (Table 3).  Overall students most 
frequently cited class format and course content as having 
impacted their performance in organic chemistry (58.8%) 
with 28.3% of students citing specific general chemistry 
concepts (excluding an introduction to organic).  The most 
frequently cited concerns about taking organic chem-
istry included feeling ill-prepared (26.0%), being wor-
ried about memorization (14.4%), and their course load 
(14.0%).  Students who took LBChem, with an introduc-
tion to organic chemistry, cited it positively 51.0% of the 
time in free-response questions while also expressing few 
or no concerns about the transition between the courses 

(Table 3). Only 1.9% of UChem students made similar com-
ments.  LBChem students also expressed higher pre-organic 
confidence across the range of ACT scores (Figure 1).

Student thoughts on transition to and preparation for 
organic chemistry
 In order to elicit relatively unbiased responses about 
students’ perceptions of the transition to organic chemis-
try, students completed the two-question free-response 
portion of the survey first (see “Applicability” section of 
Table 2).  Examples of students’ responses and their fre-
quency can be found in Table 3. In response to the Aspects 
of Preparation question, 58.8% of all students indicated 
that class structure/format of general chemistry helped 
them prepare for organic (Table 3).  Interestingly, 28.3% 
of all students indicated that general chemistry content 
(e.g. “electronegativity”, “molecular orbital theory” or 
simply “course content”) helped them prepare for organic 
chemistry, indicating that some students made concep-
tual connections between the courses.  Students from all 
groups also indicated that class format (high-enrollment 
lectures) prepared them for organic chemistry, though 
UChem students cited it more frequently (64.7% v. 
43.2%, p≤0.001).  
 In response to the Significant Concerns about Transi-
tion question, 26.0% of all students felt ill-prepared or had 
specific content concerns upon entering organic chemistry 
(Table 3), indicating that both version of the curricula left 
one in four students anxious about transitioning to or-
ganic chemistry.  Additionally, 19.6% of all students had 
heard rumors of its difficulty and 14.4% were worried 
about memorization (Table 3).  The similarity in response 
rates between UChem and LBChem highlight that the 
introduction organic chemistry did not appear to allay 
students’ worries about an organic chemistry class.

Student recognition of benefit of organic chemistry 
introduction
 The responses to these two open-response questions 
suggest that the introduction to organic chemistry was 
key difference between LBChem and UChem students’ ex-
perience.  First, LBChem students reported less frequently 
that there was no application of concepts between gen-
eral and organic chemistry (4.5% v. 19.8% p≤0.001).  
Second, approximately half of LBChem students indicated 
that the organic unit was significant in preparing them for 
organic chemistry (51.0% v. 2.3%, p≤0.001) providing 
responses such as the example in Table 3. Third, LBChem 
students reported significantly more frequently that they 
were not concerned about the transition to organic chem-
istry (15.1% v. 7.4%, p≤0.001). Lastly, LBChem students 
also were significantly less concerned about the less 
quantitative nature of organic chemistry (4.5% v. 8.1%, 
p≤0.05).  This was further highlighted in the closed re-
sponse section of the survey where 85.5% of LBChem 
students agreed that the organic introduction in general 

chemistry had a positive impact on their understanding of 
organic chemistry.  29.4% of GChem students and 34.8% 
of CChem students responded similarly.  The surprisingly 
high rate of response for the GChem and CChem students 
may arise from a survey bias with the students giving 
answers they thought were desired.  Alternatively, it may 
be the result of a short organic segment was unofficially 
added in some UChem classes or that a few examples of 
organic molecules were provided by the textbook or pro-
fessor which were then interpreted as an introduction.
 Additionally, some students (N=252) opted to pro-
vide free-response comments on the survey.    53.8% of 
those mentioning the inclusion of organic were favorable 
with 12.1% unfavorable, yet even the negative comments 
frequently supported the reasons behind including or-
ganic chemistry: 

I do not think that an intro to organic chemistry is 
necessary because everyone is not going to be taking 
organic chemistry in the future.

I failed to see how organic chemistry often related to 
everyday life.  To me, it was just a bunch of shapes join-
ing other shapes.

 These responses (from LBChem students) indicate 
that even when science-oriented students are introduced 
to organic in general chemistry, some still struggle to see 
its practical applications in areas such as medicines and 
polymers, not recognizing that its prevalence in the real 
world is precisely the reason it should be included in the 
curriculum and applicability addressed explicitly, espe-
cially for students that do not continue to organic chemis-
try.  This sentiment was echoed by UChem students:

It seems to me that at least for [OLChem], most all the 
students are some sort of biology or pre professional. 
For this reason… you (you being chemistry depart-
ment) should consider incorporating more relevant 
material, such as Organic chemistry in biological 
systems, or Organic chemistry in relation to human 
physiology. I’m sure all the current material is relevant 
and I am sure I will see it in Med school, etc., but at 
least make it more apparent to us pre professional kids 
now, so organic chemistry doesn’t seem so abstract.

You are giving us examples here of how organic and 
general chemistry relate and that makes sense to me 
now. When I was taking the organic chemistry course 
it did not seem as if they pointed out that connection. 
That would have definitely helped.

 Such responses are actually encouraging because 
even students that respond to organic chemistry neutrally 
or unfavorably state or allude to the importance of being 
shown its applicability. These responses are further evi-
dence of the perceived disconnect described by Anderson 
and Bodner (2008).  In order to retain more high-achiev-
ing students in the scientific disciplines – and especially 
in the physical sciences – it is necessary to recognize and 
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Table 3a.   Categories for student free-responses and frequency of response (percent) by general chemistry sequence
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Table 3b.   Categories for student free-responses and frequency of response (percent) by general chemistry sequence
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address this disconnect by illustrating how concepts and 
skills from general chemistry are related and can transfer 
to the study of organic chemistry. 

Confidence
 As previous literature has indicated, affective variables 
can impact students’ performance in chemistry (Gore, 
2006; Steiner & Sullivan, 1984; Turner & Lindsay, 2003).  
Since our student populations may differ from each other, 
direct comparisons of students’ reported pre- and post-
organic confidence make little sense.  Instead we must 
evaluate the confidence relative to pre-course indicators.  
A significant positive confidence difference was found in 
LBChem students with ACT composite scores between 22 
and 30 (Figure 1).  Above and below these ranges, the 
sample size was too small to show statistical differences 
or no difference existed.  Significant Pearson correlations 
were found between student pre-organic I confidence 
and general chemistry I grade (0.345, p≤0.001), general 
chemistry II grade (0.289, p≤0.001), and organic chem-
istry I grade (0.354, p≤0.001).  Post-organic confidence 
correlated with organic chemistry I (0.508, p≤0.001) and 
organic chemistry II grades (0.463, p≤0.001).  This data 
shows that confidence tracks more closely to the student’s 
first grade in the course series rather than the second. 
This is consistent with Barrow’s insistence that students 
must be able to graft new material onto their existing 
cognitive framework (1998).  It should be noted that pre-
organic confidence was asked after students had begun 
or taken organic chemistry, so responses may have been 
altered according to self-efficacy theory: that changes in 
self-efficacy expectation occur based on success or failure 

(Campbell & Hackett, 1986).  
 Given the large number of written responses indicat-
ing the organic unit of general chemistry was important 
to their subsequent performance in organic chemistry 
(Table 3), it is arguable that the LBChem students’ higher 
confidence may have arisen from their organic chemistry 
introduction.  This confidence likely has a positive impact 
on their performance (Steiner & Sullivan, 1984), possibly 
providing comfort and reassurance to students as the fol-
lowing student quote seems to indicate:

We were given an introduction to organic chemistry 
which included nomenclature and a few reactions, 
which ultimately gave me an idea as to what organic 
chemistry was all about so that I was not intimidated 
going into it. (LBChem)

Response pads and class size
 As mentioned previous the course differences in-
volved not only the introduction to organic chemistry, but 
also the use of response pads and smaller class sizes.  Al-
though not directly cited by the students, these variables 
may have contributed to some of the observed differences 
in LBChem.  Response pads have been shown to raise stu-
dents’ confidence in and develop a working knowledge of 
course material by facilitating professor-student interac-
tion (Addison, Wright, & Milner, 2009; Fies & Marshall, 
2006; Gauci, Dantas, Williams, & Kemm, 2009).  Over 
three years of LBChem end of semester surveys, 93-97% 
of students have indicated response pads helped im-
prove their learning, and 85-87% indicated they helped 
improve their confidence.  73.2% of LBChem students 
indicated positively that class size had an effect on their 

general chemistry performance compared to 9.1% and 
9.2% in GChem and CChem, respectively, perhaps it pro-
vided a more solid basis on which organic chemistry could 
be built.  Response pads as well as a small class size are 
components of fostering an encouraging class environ-
ment, a factor that affects whether students remain in the 
sciences irrespective of their level of achievement (Astin, 
1993; E. Seymour, 1995).  While reducing class size may 
be difficult at the university level, institution of response 
pads may still be one method of improving student confi-
dence prior to organic chemistry and thus smoothing the 
transition to create a better introductory chemistry experi-
ence for students.

Study limitations
 As with all survey-based studies, there is the poten-
tial for self-selection bias in the respondents.  The 39% 
of respondent appear to be representative of the entire 
sample, however some experiences might have been 
missed.  There is also potential for bias in the background 
characteristic between the LBC and other MSU students 
that must be acknowledged.  Although LBC has no addi-
tional requirements beyond acceptance to MSU, students 
must indicate interest in the residential college during 
application, thus students are not randomly assigned into 
the different pathways and motivational or academic dif-
ferences may exist.  However, since some LBC students opt 
to enroll in UChem, this subset afforded an opportunity to 
separate the difference from the students and the chemis-
try course.  Regression analysis of LBC students enrolled in 
LBC chemistry compared to university chemistry showed 

Figure 1.   Comparison of UChem and LBChem students by composite ACT scores
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that, in the prior eight years, Lyman Briggs students who 
took any of the UChem classes were statistically equiva-
lent to other UChem students in their grades earned in 
Organic Chemistry. 
 It is also important to recognize the students’ involve-
ment in Organic Chemistry when completing the survey 
may result in differences.  However, analysis of confidence 
variation in populations of students who had completed, 
were currently enrolled, or opted not to take organic 
chemistry II (i.e. students in different cohorts) found few 
significant differences.  The only difference found was that 
students in the midst of the course had higher confidence 
than those who had completed it, perhaps showing extra 
optimism since they had not yet received their final grade 
for the class.
 Another concern of this study is variation due to in-
structor differences.  However, multiple linear regressions 
using dummy variables to represent the specific professors 
indicated that differences in student confidence were only 
slightly due to differences in professors: organic chemis-
try I professors indicated about only 1.4% of the variance 
in confidence, and organic chemistry II professors, only 
3.9%, to yield a combined 5.3% of the total variance 
explained.  Because student variation due to instructor 
difference in organic chemistry has been recognized and 
is small, the authors believe this limitation has minimal 
impact on the results of the study.

Conclusions and Implications for 
Undergraduate Chemistry Curriculum
 From these data it appears that multiple factors affect 
students’ perceptions of and transition to organic chemis-
try.  Our surveys showed that 19.5% of all students had 
heard rumors of difficulty, 14.1% were worried about 
time demands, 26.0% were concerned about being ill-
prepared, and 14.1% were concerned about memoriza-
tion.  This implies that the majority of all our students are 
anxious about transitioning to organic chemistry.  Yet a 
course that included organic chemistry, along with small-
er class size and response pads, yielded a significantly 
lower percent of students that report no application of 
concepts between general and organic chemistry (19.8% 
v. 4.5%, p≤0.001).  Further 51.0% of its responding stu-
dents indicate that the organic unit was significant in their 
preparation (p≤0.001).  These changes also resulted in 
higher reported student confidence when entering organ-
ic chemistry.  Additional favorable and unfavorable stu-
dent comments about incorporation of organic chemistry 
in the curriculum further support its inclusion: generally it 
appears that students need (and sometimes even want) 
to be explicitly shown the connections between general 
and organic chemistry, as well as its applicability to the 
world. Overall, addressing students’ perceptions and in-
corporating organic into the general chemistry curriculum 
has the potential to increase either actual preparedness or 

confidence both of which can improve retention of stu-
dents in the sciences.
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