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ABSTRACT
Converting a first-term, accelerated summer organic chemistry course to a flipped format narrowed the

achievement gap between students seeking to get ahead in their course of study and those repeating
the course. Exam performance improved in the following course in the sequence (taught in traditional
format) for students who had previously failed the first-term course. While most students responded
positively to the new course structure, repeating students held a stronger preference for the flipped
format. These findings provide guidance on how to create courses that promote equity, access and

retention of diverse students in STEM.
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INTRODUCTION
While more first-generation, low-income, underrepresented minority (URM) and female

undergraduates are entering science, technology, engineering, and math (STEM) majors, a
disproportionate number end up graduating in non-STEM disciplines.'™ Only forty percent obtain a
STEM degree within six years.? Organic chemistry is considered one of the most challenging
introductory science courses, with failure and withdrawal rates often higher than other lower division
STEM courses.*® Traditional lectures continue to dominate at larger universities, in which students
passively take notes and complete homework after class, with minimal opportunity for immediate
feedback, peer interaction, or collaborative problem solving.® In response, partial or complete flipped
instruction has increased to address these concerns.” Initial successes in Biology, General Chemistry
and Physics at this study’s institution inspired the redesign of an accelerated summer Organic
Chemistry course. &°

Flipped Instruction
In general, flipped instruction refers to any course where content delivery is completed before class

through videos and textbooks, freeing up class time for student-centered, active learning.” Learning
activities may include: working problems on paper, using model kits to investigate three-dimensional
structures, and acting out chemical processes. Frequently larger classes include an electronic
response system, such as iClickers© or TopHat©, to gauge completion of pre-class work, formatively
assess students during learning activities, facilitate peer-peer interaction, and increase
engagement.'®!! Instructors may also rely on teaching assistants and peer leaders (i.e., learning
assistants) to provide instructional support during in-class learning activities.'?

Numerous studies on flipped instruction in undergraduate STEM courses have shown positive
results, including studies on large fully or partially flipped chemistry courses. These studies typically
focus on outcomes in the current course, rather than long-term benefits. Less is known about the
effects of flipped instruction in large enrollment, organic chemistry courses at large, public research

universities when taught in an accelerated summer term.
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Flipped Instruction in Large General Chemistry Courses
Yesterbsky found a small increase in final course grades for a fully flipped general chemistry

course (415 students).'® Eichler and Peeples found a small positive effect on overall course grade and a
decrease in fail/withdrawal rates (452 students).'° Bokosmaty and colleagues observed an increase in
course grades and decrease in failure rates in partially flipped introductory and general chemistry
courses.!* In a large general chemistry course, a flipped instruction section (334 students) was
compared with a traditional lecture format (343 students) taught by the same instructor during the
same term.® Researchers found that flipped instruction was associated with a small positive increase
on final exam performance while not increasing student study time. Student perceptions of poor
course quality were largely identified to be related to the non-compliance of pre-class assignment
completion. In a similar study, only sophomores and females seemed to benefit from the flipped
instruction, as measured by both final exam outcomes, and post-course performance even though
there were numerous technology challenges.!®

Comparing flipped and traditional general chemistry courses with total enrollments of 117-206
students, Ryan and Reid found a small increase in final exam scores for students in the lower third of
the class, based on pretest scoring.!® Recently, Deri and colleagues demonstrated a decrease in
fail/withdrawal rates and an increase in course grades compared with historical trends of traditional
lecture general chemistry courses enrolling up to 1,000 students per class across two campuses of a
large, urban, public university.!” Importantly, this work indicated larger gains for students at the
campus whose demographics include a larger number of first-generation college students with lower
SAT scores and coming from lower-performing high schools.

Flipped Instruction in Large Organic Chemistry Courses
Fewer studies on flipped learning in organic chemistry courses can be found in the literature. In a

fully flipped organic chemistry course, Flynn identified a small increase in final exam scores and
decrease in fail/withdrawal rates.'® Rein and Brookes found no change in exam scores or course
completion rates in a partially flipped organic chemistry course, but did find a small positive change to

student responses in course evaluations.'® Shattuck reported increased performance on exam
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questions, increased grade outcomes, and shift to more favorable views of flipped instruction in a
small, partially flipped organic chemistry course.?° In a fully flipped first semester organic chemistry
course, Mooring identified no impact on final exam scores as compared with a traditional class but did
observe an increase in A and B course grades and a decrease in the DFW rate compared with
historical data.?! A positive effect on students’ emotional satisfaction and ratings of the intellectual
accessibility of the course were also observed. Crimmins and Midkiff found students in a flipped
course, which authors referred to as “highly structured,” scored higher on the final exam and earned
overall higher course grades compared with the historical traditional course; students in the 25th and
50th percentile experienced the greatest benefit.?> As with most studies, no demographic data (e.g.,
race and first-generation status) were reported, nor discussion of students who may have previously
failed the course, only those students identified as academically weaker.

Persistent Effects of Flipped Instruction
Even fewer studies have reported on whether flipped instruction may be associated with student

achievement in subsequent courses. In a study by Hibbard, a small but statistically significant
increase in student performance on the cumulative ACS standardized exam was observed after a full

year of a semi-self-paced flipped general chemistry course format.??

He and colleagues found that
students in a partially flipped general chemistry course showed an overall positive effect on end of
course motivation and post-course grades, approximately half a letter grade higher on average. A
differentiated impact was seen, whereby academically weaker students showed higher motivation
increases, and higher gains in post-course motivation. A "softer" approach to flipping was identified as
the main mechanism for the gains seen in this study as compared with previous studies completed by
the researchers in fully flipped classrooms.?*

While studies of flipped courses, including larger enrollment courses, have increased in recent
years, studies describing large organic chemistry courses in a flipped format are less common; studies

reporting on a diverse student body are minimal. Finally, no studies to date have examined the

long-term effect of a flipped organic chemistry course taught at an accelerated pace, with a focus on
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students repeating the course after an unsuccessful attempt. The current study implemented flipped
instruction in an organic chemistry course as a means to increase student achievement long term.?°
This study is unique in that it focused on an accelerated summer course with a diverse student
enrollment, including many who had previously failed the course and were thus taking the summer

course to “get back on track.”

THeoORETICAL FRAMEWORK
Two bodies of research on student performance and persistence framed this work: culturally

responsive teaching and social/academic integration. It is well known that underrepresented students
underperform in undergraduate STEM courses.? One explanation is cultural mismatch--certain groups
of students are disadvantaged because of conflicts between implicit expectations for autonomy in
American higher education and cultural identity.?*?° Because learning is a cultural process, culturally
responsive teaching creates a learning environment that accommodates students’ interdependent
learning norms, tapping into students’ prior experiences and knowledge to increase student
performance and persistence.??®! Social (and academic) integration also contribute to persistence.3?
Unfortunately, means of increasing social integration are frequently extra-curricular, co-curricular, or
supplemental to classroom instruction. This study sought to increase social and academic integration
within the classroom by employing culturally responsive teaching, thereby improving student
performance, persistence, and matriculation into STEM careers.?*3? For students who have previously
failed Organic Chemistry and are trying to “get back on track” during a summer accelerated course,
flipped, interactive instruction--culturally responsive teaching that promotes social and academic

integration--may help reduce the achievement gap in performance and persistence.

REeseEARCH QUESTIONS
To determine whether a flipped format in an accelerated summer organic chemistry class is

associated with a positive effect on student performance and persistence, we sought to answer the

following questions:
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e How do students’ midterm and final exam scores in Organic Chemistry II compare between
students who took the flipped, accelerated Organic Chemistry I course and students who took
the traditional, accelerated Organic Chemistry I course?®*

e Will a flipped, accelerated Organic Chemistry I format reduce the achievement gap for students
who have previously attempted the course during a regular academic term and failed?

e What were students’ perceptions of the course structure and their own skill development in the

flipped Organic Chemistry I course?

MEeTHODS
Participants and Setting
The current study included five consecutive accelerated summer terms from 2009 to 2013, at a

large public research university in the western United States.®® This institution is quite diverse. In
2013, students self-reported as 43% Asian, 22% Hispanic, 16% non-resident, 11% white, 4% other
and 4% who declined to state. Additionally, 49% of the students self-reported as first-generation
college students, and 35% were identified as low-income based on Pell grant eligibility. The student
population is 50% male, 50% female. The university’s Institutional Review Board approved the study,
including FERPA compliance.
Organic Chemistry I: Traditional
Instructor 1
2009 2010 2011

Organic Chemistry II: Traditional
Instructor 2

2009 2010 2011 2012 2013
ExamA ExamA ExamB ExamB Exam B

Figure 1. Five-year Course and Final Exam Formats

Each summer, Instructor 1 taught Organic Chemistry [ in Summer Session I, while Instructor 2

taught Organic Chemistry II in Summer Session II (Figure 1). In both accelerated courses, students
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met for two-hour sessions three times a week. In Organic Chemistry I, Instructor 1 used traditional
face-to-face instruction from 2009 to 2011, and then flipped instruction in 2012 and 2013. Instructor
2 used a traditional lecture format in Organic Chemistry II during all five years. Summer 2011 is used
as the baseline, as 2011 was the third consecutive summer that Instructor 1 had taught this course,
providing a more stable comparison with Instructor 2, who had taught for 12 years. Although midterm
exam questions were not identical between years of Organic Chemistry II, taught consistently by
Instructor 2, they were isomorphic in nature, measuring the same set of concepts with cosmetic
changes in detail. An identical final exam was administered in Organic Chemistry II in 2009 and 2010.
This exam was isomorphic to the final exam administered in Organic Chemistry II during 2011, 2012
and 2013; these three were identical, further supporting 2011 as the comparison group. During years
2011 - 2013, enrollment in the courses was consistently higher than in 2009 and 2010, and met the
standard criteria for “large enrollment”.?® In all years, students had access to graded midterm exams

but not to graded final exams.

Table 1. Accelerated Organic Chemistry I (OC I) and Organic Chemistry II (OC II)
Enrollment

2009 2010 Baseline* 2012 2013 Total
2011

OCI OCII OCI oCcII OCI oCcII OCI oCI OCI ocCcI oOoCIl ocCI
Total 167 136 135 139 218 165 259 172 200 238 979 850
Common 96 58 51 94 75 374**

*2011 was chosen as the comparison group because of instructor experience and exam consistency.
**Of those students taking both courses during summer, 57% were advantaged Non-Repeaters and 43%
were at-risk Repeaters.

All students included in the study were regularly matriculated at the university. Virtually all
students made enrollment decisions prior to the first summer session, making it highly unlikely for
students to make enrollment decisions for session two based on their learning experience in session

one. Because the courses were offered in accelerated summer terms, two distinct student populations
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were present: a) advantaged “Non-Repeaters,” those seeking to accelerate their progress towards
degree completion, having not completed any prior organic chemistry courses; and b) at-risk
“Repeaters,” those students who had previously failed Organic Chemistry I one or more times. During
the five year study, 979 students enrolled in Organic Chemistry I and 850 students enrolled in
Organic Chemistry II; 374 students took both courses consecutively, of whom 40% (148 students) were
Repeaters taking Organic Chemistry I after an unsuccessful attempt in the previous academic year. An
additional 11 students enrolled in Organic Chemistry I after multiple failed attempts in the prior
academic year. Because no statistical differences were found between the two groups of students
repeating Organic Chemistry I, both groups are included together and referred to as “Repeaters” in our
analysis (159 students; 43%).

Flipped Course Description
Before class, students were assigned material to review in a manner of their choosing: either read

textbook sections, watch short lecture videos (podcasts), or both. Copies of slides with blanks
facilitated note-taking of the material. The online homework system provided pre-class quizzes (3-5
multiple choice content questions and one open-ended question regarding what the student found
most difficult). This accountability mechanism was designed only to verify that students had
completed the assigned reading or video segments rather than to probe specific knowledge and
afforded students the opportunity to work collaboratively.

During class, students worked on problems designed to guide their progression through the
concepts presented in the pre-class materials. In-class activities included working problems on paper,
using model kits to investigate three-dimensional structures, and acting out chemical processes. For
example, during a class period focusing on conformational analysis, pairs of students built models
representing two similarly substituted cyclohexane structural drawings and worked together to
determine whether their models represented conformers or stereoisomers. When working on
nucleophilicity trends, a group of students volunteered to act out roles as solvent molecules and

nucleophiles of varying sizes, with the solvent molecule students attempting to “trap” the nucleophile
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students. For all in-class activities, students were strongly encouraged to work with peers but could
work alone if they preferred. Most students chose to work with classmates despite the difficulties for
facilitating group work presented by the fixed seating format of the classroom. Student work for
in-class activities was not collected and did not count for any credit toward final grades.

After class, students completed homework through an online homework system for additional
practice. To keep the Organic Chemistry I workload hours comparable between the traditional
(2009-2011) and flipped courses (2012 & 2013), these homework assignments for the flipped course
were pared down versions of the homework assignments used in the traditional lecture format. Any
questions removed in the lighter homework assignments were moved to optional assignments that
students could complete for practice but not for credit. In both formats the course structure included
a 1-hour discussion section each week in which the graduate student teaching assistant provided
additional practice worksheets; students chose to work independently or as a group.

Measurements
Student outcomes were based on exam performance in Organic Chemistry II, as a measure of

persistence. Student scores from the two midterms and the final exam for Organic Chemistry II were
collected and standardized. Student exam performance in Organic Chemistry II in 2012 and 2013 was
compared with 2011, the last traditional lecture year for Organic Chemistry I (Figure 1). Students in
the flipped Organic Chemistry I course were surveyed in 2012 and 2013 to gauge their perceptions of
the flipped class. Survey topics included pre-class activities (textbook, podcasts, note taking), class
activities, discussion section attendance, message board usage, and homework completion. In 2012,
only a post-survey was administered; most questions were 5-item likert scales, a few provided answer
choices, and a few were open ended. In 2013, a 6-point likert scale eliminated the neutral option. In
2013, a pre-survey was also administered with additional questions to identify any pre-post changes.

REesuLts
Multiple regression analysis was conducted using standardized z-scores for each exam as the

dependent variables.*® Scores from 2011 were used as the baseline for subgroup comparisons. Table 2

below provides evidence of the significant achievement gap between students who had failed Organic
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Chemistry I previously and those who had not. The average on the final exam for advantaged
Non-Repeaters in the baseline year was 57 out of 100 points; they scored 0.508 standard deviations (p
< .001) above the overall class average (47/100) on the final exam in Organic Chemistry II. This
advantage remained consistent throughout the study (see Table 3). However, students who repeated
and passed Organic Chemistry I during the first summer term performed consistently lower on the
midterms and final exam in Organic Chemistry II in the second summer term compared with
advantaged Non-Repeaters, specifically 1.243 standard deviations lower on the final exam (p < .001), a
gap of 16 points. In 2011, the average exam score for Repeaters was 31 points. A similar performance
gap was found on the first midterm, 0.311 standard deviations higher (p < .01) than class average,
compared with 1.098 standard deviations lower (p < .001), as well as the second midterm exam, 0.307
standard deviations higher (p < .05) than class average, compared with 0.96 standard deviations lower
(p < .001).

Table 2. Non-Repeaters Advantage in OC II Scores taking OC I and OC II
Consecutively

Midterm 1 Midterm 2 Final Exam
Estimate SE p-value Estimate SE p-value Estimate SE p-value
NR SS11 0.311 0.118 0.009**  0.307 0.121  0.011* 0.508 0.116 0.000***

Performance Gap Between Advantaged and Repeating Students

Midterm 1 Midterm 2 Final Exam
Estimate SE p-value Estimate SE p-value Estimate SE p-value
Repeaters -1.098 0.196 0.000***  -0.96 0.202 0.000*** -1.243 0.195 0.000***

“Repeaters” refers to a student who took OCI and failed it at least once.
**¥p < .001. **p < .01.*p < .05.

Converting Organic Chemistry I to the flipped format significantly narrowed the performance gap
(Figure 2). Repeaters show a statistically significant improvement in Organic Chemistry II, averaging
0.641 standard deviations higher across all exams as compared with the at-risk Repeaters in 2011
(Table 3). Specifically, Repeaters scored 0.595 (p < .001; 2012; 38/100) and 0.615 (p < .001; 2013;
38/100) standard deviations higher on the Organic II final exam, having taken the flipped version of
Organic Chemistry I, as compared with their 2011 cohort counterparts (31/100). The effect of the

flipped instruction in Organic Chemistry I was strongest on the first midterm, 0.792 (p < .01; 2012)
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and 0.745 (p < .05; 2013) standard deviations higher, but remains statistically significant through the
final exam. Advantaged Non-Repeaters experienced no benefit or harm from the change in Organic

Chemistry I format (Table 4).

Average Exam Scores by Group

2011 2012 2013
Traditional Flipped Flipped
57.47
604 55.36 53.35
46.68 49.08 46.71

38.02 38.25

S
o
1

31.08

Average Exam Score
(100 point exam)
N
o

Advanteged Full Class Repeater Advanteged Full Class Repeater Advanteged Full Class Repeater
Non-Repeater Non-Repeater Non-Repeater

Figure 2. Comparison of Calculated Average Score on Final Exams from Model Predictions for Groups versus Actual Class Average.
Changes in Repeater Group Were Statistically Significant While Changes in Non-Repeater Group Were Not Significant.

Table 3. OC II Scores for Repeating Students taking OC I and OC II Consecutively
Compared with OCII 2011 Repeaters

Midterm 1 Midterm 2 Final Exam

Estimate SE p-value Estimate SE p-value Estimate SE p-value
2009
Repeaters 0.199 0.318 0.531 0.027 0.326 0.934 0.476 0.312 0.128
2010
Repeaters 0.8 0.38 0.036* 0.205 0.389 0.598 0.309 0.381 0.419
2012
Repeaters 0.792 0.274 0.004** 0.713 0.281 0.011* 0.595 0.269 0.028*
2013
Repeaters 0.745 0.29 0.011* 0.387 0.298 0.195 0.615 0.288 0.034*

“Repeaters” refers to a student who took OCI previously and failed it at least once.
#*%p < 001. **p < .01.%p < .05.

Table 4. OC II Scores for Non-Repeaters taking OC I and OC II Consecutively Compared
with OCII 2011 Non-Repeaters taking OC I and OC II Consecutively

Midterm 1 Midterm 2 Final Exam
Estimate SE p-value Estimate SE p-value Estimate SE p-value

08/16/19 Page 11 of 26



2009
Non-Repeaters

2010
Non-Repeaters

2012
Non-Repeaters

2013
Non-Repeaters

0.078

-0.104

-0.149

-0.37

0.194

0.187

0.184

0.198

0.687

0.577

0.419

0.062

0.203 0.200

-0.062 0.190

-0.234 0.188

-0.235 0.202

0.311

0.743

0.213

0.244

-0.084

-0.201

-0.181

-0.353

0.192

0.181

0.180

0.195

0.661

0.266

0.315

0.072

Results from the surveys include both Likert scale items and open-ended questions.>*! The

majority of students felt the in-class activities were beneficial, that the flipped format (listening to

lectures outside of class and working on problem-solving in class) was effective, and would prefer to

take more flipped courses. Likert rankings were either “disagree-agree” or “ineffective-effective,” as

appropriate to the survey statements and employed a 5-point scale. The findings are even more

compelling when Non-Repeaters and Repeaters are separated (Figures 3-4).
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2012 Non-Repeating Students'
Survey Responses

| think that having class podcasts available
benefited me as a student.

| think that the Sapling homework benefited me as
a student.

| feel that the problems on Sapling correlated
with what material | learned in each chapter.

| always watched the assigned podcasts before
class.

| think that discussion sections benefited me as 9o
a student. i

5% 85%

6%

84%

81%

17% UL

76%

When | watched the class podcasts | took notes. [ 13% 74%

| think that in-class activities benefited me as 10%
astudent. |

| think listening to lecture outside of class and
working on problem solving in class is an | 15%
effective way to learn.
I would recommend a inverted class to my friends

who need to take organic chemistry.

73%
65%

17% 64%

| fully participated in class activities. | 17% 63%

| would prefer to take more science classes that
use this type of class format.

On average, | read the appropriate textbook
section (never-always)

| prefer this classroom format to a traditional
lecture format.

| enjoyed working with other students during
class.

There is too much work outside of class time in 359
this course as compared to other science courses.

When | watched the class podcasts | wrote down
questions.

When | watched the class podcasts | also did
other thing not related to class.

17% 62%

17% 60%
24% 58%
8% 47%
38%
46% 33%

74% 17%

o
N
(93]

50
Percentage

Response 123+ 5

-~
(&)
=
o
o

Figure 3. Ranked Percentage Plots of Likert ltems for Non-Repeating Students (2012). Values indicate percentages of disagree, neutral, and
agree responses.
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| think listening to lecture outside of class and
working on problem solving in class is an

effective way to learn.
| think that having class podcasts available

benefited me as a student.

| think that in-class activities benefited me as
a student.

| feel that the problems on Sapling correlated
with what material | learned in each chapter.

| would recommend a inverted class to my friends
who need to take organic chemistry.

| think that the Sapling homework benefited me as
a student.

| would prefer to take more science classes that
use this type of class format.

| fully participated in class activities.

| always watched the assigned podcasts before
class.

When | watched the class podcasts | took notes.

| think that discussion sections benefited me as
a student.

| prefer this classroom format to a traditional
lecture format.

On average, | read the appropriate textbook
section (never-always)

| enjoyed working with other students during
class.

When | watched the class podcasts | wrote down
questions.

There is too much work outside of class time in
this course as compared to other science courses.

When | watched the class podcasts | also did
other thing not related to class.

4%

5%

2%

3%

4%

4%

5%

6%

18%

20%

12%

17%

15%

12%

40%

35%

57%

o

2012 Repeating Students'
Survey Responses

91%
90%
88%
82%
82%
82%
79%
78%
72%
68%
68%
64%
52%
50%
36%

30%

21%
25 50 45 100
Percentage
Response 123+ 5

Figure 4. Ranked Percentage Plots of Likert ltems for Repeating Students (2012). Values indicate percentages of disagree, neutral, and agree

responses.
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We used Wilcoxon rank sum tests with continuity corrections (two-tailed) to identify any items that
were statistically significantly different between Non-Repeaters and Repeaters (Table 5). Repeaters’
preferences for the flipped format were statistically higher than advantaged Non-Repeaters. This may
allude to Repeaters’ sense of social and academic integration resulting from culturally responsive

teaching.

Table 5. Comparison of Non-Repeaters and Repeaters on 2012 Survey Items

Survey Question Non-Repeaters Repeaters p-value
mean (sd) mean (sd)

I think that in-class activities benefited me as a 3.87 (0.99) 4.22 (0.72) 0.017*

student.

I would recommend an inverted class to my friends 3.72 (1.19) 4.26 (0.91) 0.001**

who need to take organic chemistry.

I think listening to lecture outside of class and 3.77 (1.19) 4.42 (0.84) 0.000***
working on problem solving in class is an effective
way to learn.

I would prefer to take more science classes that use  3.69 (1.23) 4.21 (0.91) 0.004**
this type of class format.

*#*%p < 001. **p < .01.%p < .05.

For 2013, we used a 6-point scale and administered a pre- and post-survey. The 2013 surveys had
different questions. We hoped to obtain more detailed information and see if there were any significant
changes from the beginning of the class to the end of the class. Similar to results for 2012, we found
the majority of students in 2013 preferred the flipped format. Repeaters’ preference for flipped
instructional practices were higher than Non-Repeaters, but not statistically different (Figures 5 and

6).
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2013 Non-Repeating Students'

Survey Responses

Beyond this summer session, this course will |, ,, _ 860/'
. (s] 0
still be very useful to me.
Having class podcasts avaiabic | 15+ [ NN
[ am highly motivated to do well in this course. | 15% _ 85%
| am very interested in the content area of this | o, _ 79%!
course.
Learning before class helped me find out things | _ 779
didn’t understand. °
reauenly ook o erial before giass. | 2% NN
. o material before class.
The in-class activities often answered questions 319% _ 69%!
| had from learning before class.
Participating n various in-class actuities | 7% [T -
| frequently summarized important points in notes 389 _ 629
. (s] o
~when learning before class.
| prefer this learn-before-class format to a 40°% — 60%
“traditional lecture” format. 1 °
Attending discussion sections | 41% _ 59%
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Figure 5. Ranked Percentage Plots of Likert ltems for Non-Repeating Students (2013). Values indicate percentages of disagree and agree

responses.

Having class podcasts available

Learning before class

| am highly motivated to do well in this course.
Doing Sapling homework

This course as a whole

Beyond this summer session, this course will

still be very useful to me.
| frequently took notes when learning new

_ material before class.
Learning before class helped me find out things |

) i didn’t understand.
I am very interested in the content area of this

] course.
| prefer this learn-before-class format to a

) “traditional lecture” format.
| would like to take more science classes using

. o this type of class format.
The in-class activities often answered questions

| had from learning before class.
Participating in various in-class activities

| am very confident that | will do well in this

. . _ course.
| frequently summarized important points in notes

when learning before class.
Attending discussion sections

| was intellectually engaged in class throughout

) the class.
Knowing exactly what | didn't understand made me

more likely to ask questions.
| asked other students for help.

| preferred not to ask others for help, even when
| couldn’t figure things out.

Working with other students during class

| frequently wrote down questions | had when

learning new material before class.
| asked the instructor or the TA for help after

class.
| asked questions directly during class.

9%

10%

10%

13%

15%
19%
20%
24%
28%
30%
33%
33%
34%
36%
M%
45%
47%
48%
49%
59%
60%
61%
78%

91%

2013 Repeating Students'

Survey Responses

91%,

90%;
90%;
88%
85%;
81%
80%;
76%
72%
70%
67%
67%
66%
64%;
59%;
55%;
53%
52%
51%;
41%
40%;
39%
22%;

9%

0 25 50 75 100
Percentage
Response ! . : . 5

Wol+Ms

08/16/19

Page 17 of 26



Figure 6. Ranked Percentage Plots of Likert ltems for Non-Repeating Students (2013). Values indicate percentages of disagree and agree
responses.

Wilcoxon rank sum tests with continuity corrections were run (two-tailed) to identify any items
that were statistically significantly different between the 2013 pre- and post-survey. These items
focused on study habits, motivation and predicted course grade. While eight items were found to be
statistically significant, this may be due to a change in the wording of the question between pre- and
post-survey, confounding these results. For example, the pre-survey question asked, “In a regular
10-week quarter, before learning anything from lectures, how many hours per week on average do you
spend studying for a typical science or math course in advance?” The average was about four hours,
compared with eight hours on the post-survey, which students likely answered according to the
accelerated summer flipped course which is only five weeks long. Anecdotally, this means that
students studied similarly for the flipped class as any other math or science class. However, there is a
noticeable difference in the amount of studying after class, much less for the flipped format (17 hours
compared with about 6.5 hours, if we apply the same 10 week to 5 week term formula). The last two
survey items show that students’ confidence and motivation decrease by the end of the term, which is
consistent with the literature.*? Of note, by the end of the term, students reported asking more
questions directly of the instructor in the flipped, rather than waiting until later to ask the TA or other
students. This would support the instructor’s culturally responsive teaching and academic integration
of the students. In 2013, there were no statistically significant differences between Non-Repeaters and

Repeaters.

Table 6. Change Between Pre- Post-survey Items in 2013

Post-survey Question Pre-Survey Post-Survey  p-value
mean (sd) mean (sd)
On average, [ spent hours each week in total 3.99 (4.78) 8.15 (7.25) 0.000***

learning course material and doing assigned tasks
before class.

By contrast, I spent about hours each week 8.57 (7.73) 6.35 (9.64) 0.000***
learning course material and doing assigned tasks
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after class.

I asked questions directly during class. 1.86 (0.91) 2.09 (1.39) 0.012*

I asked the instructor or the TA for help after class. 2.82 (1.22) 2.49 (1.67) 0.047*

I asked other students for help. 3.86 (1.25) 3.55 (1.63) 0.053+

I preferred not to ask others for help, even when I 2.65 (1.33) 3.22 (1.56) 0.000***
couldn't figure things out.

I am very confident that I will do well in this course.  4.03 (1.09) 3.70 (1.28) 0.001**
I am highly motivated to do well in this course. 5.34 (0.92) 4.86 (1.19) 0.000***

***p < .001. **p < .01.*p < .05. +p < .10.

Finally, students’ own wording was used to identify themes in the four open-ended survey
questions based on identified relations, similarities and differences that were grouped conceptually.*
Common themes described the learning experience as: demanding, engaging, lots of problem solving
(with peers), interactive, helpful demonstrations, hands-on (molecule kits) and gaining a deeper
understanding. Common caveats included: more work (for students and instructors), more
responsibility, and no room to procrastinate. Table 7 provides an overview by question and includes a

few representative student quotes.

Table 7. Flipped Organic Chemistry I Student Post-survey Common Responses (2012 and

2013)

What did you think of the
“inverted” method of
teaching the course?

Demanding;

More work;

More preparation,;
Deeper understanding;
Engaging;

Interactive;

I failed my first OChem
course...this method has
helped me learn and
succeed...allowed me to
fully understand the
fundamentals...who
would have thought I
would have a strong
interest in organic
chemistry

What in-class methods
did you find especially
helpful?

Solving problems;
Challenge problems;
Building with model kits;
iClickers;
Demonstrations;

Peer discussions

Working on problems in
which you are given time
to work with peers and
listen to their thoughts
and opinions on the
subject, seeing how they
personally work on
problems...may see
another approach towards
a problem.

What out-of-class
methods did you find
especially helpful?

Podcasts;

Quizzes before class;
Self-study strategies;
Online homework;
Discussion section

Encouraging the podcasts
and readings BEFORE
class...Requiring Sapling
homework after each
podcast...forced students
not to procrastinate...
actually helped learn the
material instead of cram
before exams.

How did your study
habits change in the
“inverted” class?

Study more;

Study daily;

No cramming;

No room to procrastinate;
More ownership

I am more active in
studying and less hesitant
to attempt
problems...because I've
learned the common
mistakes in class and
have my professor...for
questions or struggles I
may be facing.
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It was a little harder since
we, as the students,
definitely had a lot more
responsibility since we
had to take the time to
review the subjects we
would be talking about in
lecture...hard to follow
along when I skipped a
podcast or two because of
lack of time management
on my part...

I thought it was useful
and more efficient since
we were able to do hands
on problems during
lecture. However for the
students that didn’t watch
the podcasts, lecture was
pretty much useless since
they didn’t know what is
going on. It makes you
better prepared and
avoids procrastination.

I thought working on
problems during class
slowly was helpful in the
chapters that were
particularly difficult...
Using the 3D model kit
was VERY helpful for me
and I appreciated how the
TA and [Instructor] would
walk around to check if
students had the right
structure.

I especially liked doing
practice problems with the
classas a
whole...awesome when
[Instructor] and TA were
going around the huge
lecture hall answering
questions...made me feel
like it was a small,
interactive class...liked
that we could actually
keep up with the pace and
learn every step.

I felt the podcasts were
the most helpful...gave me
the ability to listen to the
lecture at my own
speed...pause...when I
didn’t fully understand...
allowed me to be more
productive in class by
actually applying the
concepts...

Podcasts, since I could
review them if needed,
and the online pre-class
quizzes, so I could see
how well I really
understood the material
and decide what I need to
focus my attention on
when studying.

With this method, there is
no room nor any reason to
procrastinate so I just did
it, I just studied easily
and smoothly...never felt
rushed to move onto the
next topic...knew there
would be time to ask
questions and practice
with my peers and
instructor...I have a strong
foundation in
O-chem...feels awesome...

It made me realize how
much better it is to be
prepared...

online quizzes...forced me
to watch the podcasts and
learn the material before
class...I always knew
what was going on and
was never confused...
study habits have slowly
involved much less
procrastinating...

grew to appreciate a bit of
studying each day

Discussion

While an achievement gap continues at the end of Organic Chemistry II between advantaged

Non-Repeaters and at-risk Repeaters of Organic Chemistry I, the gap was significantly narrowed when

Organic Chemistry [ was taught in a flipped, interactive format. Because the courses were offered in

the accelerated summer term, two distinct student populations were present: a) advantaged

“Non-Repeaters,” those seeking to accelerate their progress towards degree completion, having not

completed any prior organic chemistry courses; and b) at-risk “Repeaters,” those students who had

previously failed Organic Chemistry I one or more times. One would expect a significant achievement

gap between these two groups. Students who fail the first course in the sequence commonly struggle

in the remainder of the sequence, even after successfully repeating the initial course. This trend was

evident in the analysis of student performance in Organic Chemistry II regardless of the format of the

Organic Chemistry I course. However, converting Organic Chemistry I to a flipped format resulted in a
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significant improvement in performance for Repeaters in Organic Chemistry II. While they did not
reach the same level as their non-repeating peers, the gap between the two groups was narrowed
significantly, potentially increasing their chances of graduating in STEM and pursuing their career
goals. Studies that show a gain within the flipped course may be promising, but to show that the gain
persists throughout the second course is compelling.

Organic Chemistry has been described as the most difficult STEM gateway course, weeding
students out of their STEM major more than any other lower division course, thus contributing to the
persistence achievement gap.*® Increased performance between an intervention and control group
within the intervention course would be encouraging but anticipated, otherwise, why change the
format? However, higher final exam scores in the next course that significantly narrow the
achievement gap in such a pivotal course sequence for STEM majors has implications for increasing
graduation rates in STEM and ultimately increasing access to STEM careers for all students.

The flipped format provided many avenues by which students’ academic potential could be
reached. Cultural mismatch was reduced and social and academic integration were increased.
Students found the format to be engaging, active, more personal, and hands-on. They valued the peer
discussions, demonstrations, building with model kits, covering the “tricky” practice problems, and
iClickers. It should be noted that the iClickers were used as a means to foster peer discussion, rather
than as an individual assessment tool. The classroom activities provided opportunities for students to
work with one another and learn from one another towards a common goal. Many of the students at
this university are first-generation and low-income. Research has shown that these students embody
interdependent learning.?” The flipped format created a culturally responsive learning environment
that enhanced social integration. Through hands-on activities and acting out concepts, students
experienced the learning through multiple modalities. This was enhanced by podcasts, reading, note
taking, and online homework and quizzes outside of class, all of which students said they found
helpful. Rather than assuming the students were enculturated in the norms of higher education, the

course explicitly taught and modeled study strategies. It is likely these new skills transferred to the
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next, traditionally taught course. The flipped format not only provided a deeper understanding on the
fundamental concepts of Organic Chemistry I, it provided skill development, applicable to future
courses, enhancing academic integration. This is especially evident in the students’ open-ended,
post-survey comments (Table 6).

Another aspect of culturally responsive teaching is reteaching, presenting content with different
strategies and approaches that attend to students’ needs.** Reteaching material to students
(Repeaters) is most successful when it is engaging and interactive (group work), information is in
digestible chunks (podcasts), and it includes frequent formative assessment (iClickers) and
opportunities for practice.*>*¢ Effective reteaching has not been studied as well at the undergraduate
level. Typically students retake previously failed courses, but there is rarely intentional instructional
changes to increase success for Repeaters. The findings here affirm that while flipped instruction may
be generally preferred and helpful to all students, its significance lies in its commitment to culturally
responsive teaching, inclusive of previously unsuccessful students, rather than weeding these
students out of STEM courses, majors and careers.

LimiTATIONS

While this study is potentially generalizable to other public research institutions, there are
noteworthy limitations. First, the surveys administered in 2012 and 2013 had different questions. The
changes were intended to gather additional details regarding students’ study habits; this information
is anecdotal and further study is recommended. Second, these surveys had not been validated in a
previous study; it would have been best to not change the survey questions in 2013 and thus have a
larger sample to run validity tests. Third, the institution’s selectivity may have blunted the statistical
significance of findings. Students must have scored above 600 on the mathematics portion of the SAT
or completed a rigorous set of preparation courses to take introductory (general) chemistry. Students

must have successfully completed the introductory (general) chemistry series to enroll in Organic

08/16/19 Page 22 of 26


https://paperpile.com/c/bGaxo9/jGD8
https://paperpile.com/c/bGaxo9/TzFe+xWzH

Chemistry. Finally, a larger study sample would have allowed additional analysis to eliminate unseen
biases.
FUTURE RESEARCH

Additional studies of accelerated summer STEM courses employing culturally responsive teaching
are needed. Similarly, studies of culturally responsive instructional practices need to be studied in
developmental STEM courses (i.e., pre-chem) that enroll a disproportionate number of
underrepresented minority students. These developmental courses are often taught using
pre-packaged online programs (i.e., ALEKS), providing minimal opportunity for social or academic

integration.
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