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ABSTRACT: An important problem in STEM education is the low

student retention rate. Non-traditional science courses that

utilize more active-participation and learning are attractive as

tools to increase student persistence and interest in STEM.

Herein is described the content and implementation of a
chemistry-based service-learning course that was offered in

Spring 2019. The course features a well-rounded curriculum |Reflection and
and diverse activities. The enrolled undergraduate students were Discussion
not only taught chemistry concepts (general chemistry and
supramolecular chemistry) but were also asked to present the
chemical concepts using attention-grabbing demonstrations to
public-school students in the New Orleans area. In addition, the
course covered multiple non-science topics, including the
pedagogy of service learning, background on the New Orleans
public-school system, and how to work with the community. The
course also involved targeted student reflection
activities /surveys and interfaced with the Tulane Center for Public Service. Results from a paired set of
anonymous “before and after” student surveys lead us to suggest that the undergraduate students
exhibited an increased desire towards STEM careers. The students also expressed, in general, higher
confidence in the retention of chemical concepts that this course taught when compared to concepts
retained from a standard general chemistry lab course. As importantly, this course provided the
opportunity for students to engage with members of the New Orleans community.
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INTRODUCTION

Jobs that require fluency and training in require greater STEM training. Indeed, it is
Science, Technology, Engineering, and predicted that the United States will need to fill
Mathematics (STEM) are becoming increasingly about 4.6 million manufacturing jobs by the
more salient in the modern global economy. It is year 2028. However, as many as 2 million of
estimated that, in 2018, 19.4 million jobs in the 55 those jobs are projected to go unfilled due, in
United States required at least some expertise in part, to a lack in the necessary technology
STEM fields!. The growth rate of STEM-aligned training within the workforce2-5. Major reasons
jobs are significantly larger (3-fold higher from for the paucity of workers with the appropriate
2000 to 2010) than the corresponding rate of STEM skills required to access these attractive
non-STEM related jobs2. Even jobs with a less 60 jobs include a lack of initial interest and
direct STEM focus, such as manufacturing, now decreased persistence in STEM fieldsé-8. Indeed,
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one study demonstrated that 40% of students
who enter with a STEM major either change
their field of study or leave college entirely®.
Thus, in addition to cultivating an interest in
STEM, the retention of students desiring STEM
education is a challenge that must be
addressed. Significant factors responsible for
the low student retention rates in STEM include
students’ feelings of inadequate self-efficacy for
STEM?, a lack of enthusiasm in the materiall®,
and insufficient support systems. In the subject
of chemistry, in particular, the retention rates
are especially problematic. Chemistry courses
have been cited as a main reason for students
dropping out of their intended STEM
career®11.12. This is especially pronounced for
underrepresented minorities in STEM!l. As
such, chemistry is a prime target for
intervention when aiming to increase student
retention in STEM.

Various non-traditional chemistry course
models have been implemented in recent years
to address student interest and self-efficacy in
STEM and enhance student learning!3-16. Many
of these courses center on active learning; a
transition from purely lecture based material to
including more discussion and hands-on
interaction!7.18. Examples of classroom models
that focus on active learning include peer-led
team learning!® and flipped classrooms!s.
Service-learning is another non-traditional
course model that uses active learning of
material coupled with student engagement in
the neighboring communities!?.19.20, A major
premise of service-learning is merging both
serving and learning from the community, while
concurrently mastering material related to the
target subject. As such, service-learning is
distinguished from community outreach or
internships, which typically  are not
multifaceted?!. Importantly, participation in
service-learning has been shown to boost
student performance in academic measures
such as higher GPAs, better writing skills, and
increased critical thinking?22. Furthermore, after
the completion of the service-learning courses,
it has been shown that there is a marked
increase in plans for additional community
engagement, regardless of initial student intent
with respect to community involvement22.
Service-learning has been adopted by many
disciplines, including but not limited to, the
humanities23, geology?4, environmental science
25, and the physical sciences!3 even
chemistry!3.14.26,
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The state of Louisiana is poorly ranked
among the United States under various school
benchmarks for STEM  performance27.28.
Further, in the city of New Orleans, 83 percent
of students in the public education system come
from economically disadvantaged
backgrounds29-3![footnote: as defined by being
on free or reduced cost lunch programs].
Additionally, Hurricane Katrina greatly affected
the schooling opportunities in New Orleans.
Many buildings were destroyed forcing schools
to relocate or shut down, and teachers were
displaced or not rehired, losing a great deal of
expertise. As of 2018, over 50% of teachers in
the city have less than 5 years of professional
experience and 73% have less than 102932,
Accordingly, during the aftermath of Hurricane
Katrina there was a genuine need for the
implementation of a service-learning course
with the goal of increasing STEM engagement
and excitement in the New Orleans area.

Here we describe the content and
implementation of a chemistry-based service-
learning course (Chemistry 1898: Chemistry
Outreach in New  Orleans) involving
undergraduate students from Tulane University
engaging with students in the New Orleans
public school system by both visiting schools to
conduct chemical demonstrations and hosting
students at Tulane. We also detail how the
course has served to sustain the undergraduate
students’ interest in STEM and STEM related
careers, as well as increasing their public
speaking skills, confidence in understanding
chemistry concepts and ultimately, their self-
efficacy. The essential benefits brought to the
service-learning course via collaboration with
the Tulane Center for Public Service (CPS) is also
delineated.

BACKGROUND

History of CHEM 1898 at Tulane

Given the above-discussed national issues on
STEM retention and localized problems
associated with New Orleans/Louisiana, we
were eager to develop a STEM based service-
learning course. Prof. Janarthanan
Jayawickramarajah, along with graduate TAs,
has taught and fine-tuned the course since
2009. Throughout these years, a number of New
Orleans schools have been targeted including
ReNEW SciTech, Phillis Wheatley (formerly John
Dibert), Lusher Charter School, Audubon
Charter School, and Eleanor McMain Secondary
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School. Figure 1 shows the locations of the
schools and after school programs that were
involved. In general, the New Orleans public
school population is mostly composed of
underrepresented groups in STEM (80% of
public school students in New Orleans are
African American29:31).
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Figure 1. A map of New Orleans with the schools and
programs involved with CHEM 1898. The purple
markers are partner schools from Spring 2019, and grey
markers indicate partners from past years. (Map data:
Google, INEGI)

Although the details of our efforts for the
earlier years are beyond the scope of this
manuscript, some of the key challenges
encountered and how they were addressed are
highly instructive and thus will be discussed in
the background section. The major focus of this
paper is on implementation of CHEM 1898 in
the Spring Semester of 2019—the most recent
iteration of the course.

Coupled with the need for increasing STEM
interest and persistence, a major Renewal Plan33
was introduced by Tulane University in 2006.
The Plan focused on increasing community
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engagement by the University as a whole to
enhance Tulane student outcomes and to
complement Tulane’s education and research
programs. As part of this plan, a mandatory
service requirement was enacted, involving both
a lower tier (20 hours of service) and an upper
tier (40-hours of service). Chemistry 1898 fulfills
the lower tier requirement. Due to the increased
number of service opportunities at Tulane, the
CPS was created to oversee and aid service-
learning courses in addition to leading and

assisting other community engagement
opportunities3436. CHEM 1898 has benefited
from interfacing with the CPS and this

interaction is detailed in the relevant sections.

Choosing Partnerships

Before initiating a service-learning program it is
important to find suitable partners. When
determining a suitable partner for this course,
we must identify schools and students that
would genuinely benefit from the science
demonstrations that we are providing. In Spring
2019, we targeted public school students from
Lawrence D. Crocker College Prep, ReNew
Schaumberg, Audubon Charter, and Elevate
New Orleans. As can be seen from Table 137,
these schools have a large population of
underrepresented groups in STEM and have low
mastery of science as judged by the Louisiana
Educational Assessment Program (LEAP)
scores. From the standpoint of the
undergraduates, it is imperative that the
community partner is able to provide multiple
possible contact opportunities (i.e., time slots) to
minimize time conflicts that might limit
participation.

From year to year, a major concern is
maintaining partnerships with teachers within
the New Orleans education system. Due to a
teacher shortage in New Orleans, many teachers

Table 1. Comparison of the community partners who worked with CHEM 1898 Spring 201937,
Lawrence D. Crocker College ReNEW Schaumburg

Audubon Charter

Free/reduced lunch 41.4%

African American students 45.4%

Students scoring mastery in 37.0%
science

Grade level 4th grade

Partnership formation

*Elevate New Orleans is an after-school tutoring program and does not keep records on the socioeconomics of attending students

Previous association

Prep

95.3% 95.9%
88.8% 95.5%
10.0% 7.0%
1-4th grade Sth grade
CPS CPS

3
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are from short-term programs such as Teach for
America2938-40 In 2015, the Education Research
Alliance report stated that nearly 25% of
teachers were leaving either the profession or
New Orleans annually38. Regular teacher
turnover means new partnerships must be
continuously formed, hindering the
development of long-term relationships and
disrupting project expansion and specialization.
Indeed, prior to 2019, we had observed the loss
of 5 partners in 8 years.

One natural solution would be to form
relationships with less transient administrators
in these schools instead. However, as the New
Orleans public school system has transitioned
to an increasingly charter-based system (100%
as of the summer of 201941,42), where different
charters can have completely different
structures, navigating the differing systems can
be difficult when reaching out. Several attempts
in the past to contact school administrators
were completely unanswered, or responses
stopped before a visit was arranged.

In part to address the above issues, the
course has cooperated with the Tulane CPS. CPS
has been able to devote time and resources to
creating and maintaining connections with New
Orleans community partners. In addition, the
CPS provided 4 other key support systems for
this course: undergraduate student
preparation, class evaluations, modest funding
for course supplies, and additional service
opportunities.

Developing Chemistry Demonstrations

The introductory courses to a subject are often
a deciding factor in a student’s persistence in
that field.35 For this reason, CHEM 1898 was
designed to incorporate introductory general
chemistry material to reinforce the Tulane
students’ understanding of these concepts and
to improve their self-efficacy. The specific topics
included thermodynamics, reaction kinetics,
phase changes, oxidation/reduction and an
introduction to non-covalent interactions and
supramolecular chemistry (in the context of
fluorescence and the hydrophobic effect).
However, the grade level of the public-school
students had to be considered as well.
Accordingly, demonstrations were purposely
crafted such that explanations and concepts
could be readily tuned to a variety of age groups.
As can be seen from Table 1, during Spring
2019, we worked with school students from
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grades 1 through 5 (Elevate New Orleans
students were 7th and 8th). While the first few
years of the program mainly involved high
school students, from 2014 to present CHEM
1898 has mainly presented demonstrations for
audiences from grades 4-8. Some early exposure
to STEM involving practical applications and
projects, is important for future interest in
STEM fields. 43

In addition to tuning the demonstrations to
reflect the age group targeted, another
important factor that needs to be taken into
consideration is the safe transportation,
presentation, and clean-up of demonstration
materials. A good demonstration for this course
involves minimal hazards (such as normal
household products, like isopropyl alcohol used
in the density rainbow) and is easily
transported, usually involving minimal and
easily carried supplies.

As such, some demonstrations (e.g. nylon
polymer synthesis) were set aside as they
involved chemicals with greater hazards for an
open classroom environment (e.g. chemicals
used during the polymer synthesis such as
NaOH, hexamethylaminediamine, sebacoyl
chloride & hexane) and necessitated
transportation of both organic and aqueous
waste from the school for proper disposal.

Course Setting and Enroliment Statistics
The course was conducted at Tulane University;
a medium sized private research university in
the southeastern United States. For the year of
2018-2019, the Institution had 8,610
undergraduates and 14,062 students total. The
demographics of the university’s first-year class
was 72.39% Caucasian, 3.72% African
American, 5.34% Asian, 8.64% Hispanic, and
3.98% identified as multiracial. From the same
first-year class, 62.57% are female and 37.43%
are male. 4 CHEM 1898 primarily enrolled
students who have already completed General
Chemistry I in the previous semester and are
currently enrolled in General Chemistry II. As
such the vast majority of the class are freshmen.
In Spring 2019, the course had 15 students of
which 80% were female and 20% male,
indicating a predominance of students in the
course come from groups under-represented in
STEM.

Since the students taking the course were
mainly freshmen, their final major of choice had
not been solidified yet (at Tulane the deadline to
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choose a major is the fourth semester). However,
the general career aspirations of the students
were gauged by a survey (results in Figure 2,
survey included in supplemental). The course
was mainly made up of students who were
interested in pre-professional related
healthcare, with some students showing interest
in engineering, and research in general.

Medical Related |
Research -
Engineering -

0 2 4 6 8 10 12
Number of Students

Figure 2: Career Aspirations as indicated in the before
survey.

COURSE GOALS

CHEM 1898 was designed to promote interest in
chemistry and STEM in the New Orleans area.
In particular, a goal was to engender excitement
about chemistry among local public-school
students by illustrating fundamental concepts
in chemistry through interesting and
stimulating demonstrations. Furthermore, the
course also was designed to enhance and

sustain interest in STEM for the Tulane
undergraduate students. Moreover, while
conducting the demonstrations the

undergraduates also are required to explain the
key concepts of the demonstrations using clear
and simple language. Hence, this active learning
activity enables the students to have a more
solid and mature understanding of the material
taught in General Chemistry. As part of their
explanation, the undergraduate students were
encouraged to illustrate how fundamental
chemistry knowledge can be linked to real world
applications®.

Unlike a traditional chemistry course, this
service-learning course also provides an
opportunity for the undergraduate students to
master a wider range of skills outside of
chemistry. For example, public speaking is a
specific skill that the course teaches the
students. Furthermore, the course also provided
a history and discussion on why there is a need
for this specific STEM-related service-learning
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activity. In particular, discussions were focused
on educational disparity in the US and the need
for STEM in a modern society/economy. Hence,
CHEM 1898 was also expected to help the
Tulane students develop a sense of civic
responsibility /activism.

Implementation

This course met regularly for a one-hour period
every week. The seminal meeting was an
introduction to the course and discussion about
the syllabus, followed by icebreaking activities.
As outlined in Figure 3, CHEM 1898

was divided into the five subsections.

The first subsection was an introduction to
the pedagogy of service-learning and a general
background on the New Orleans K-12 education
system. These initial lectures provided an
opportunity for the undergraduate students to
learn about the course goals and the needs of
the community. The lectures also covered
pedagogical concepts within service-learning.
Following this, the course transitioned to a
series of lectures that discussed historical
injustices in the educational system in the US,
by covering such topics as Plessy v. Ferguson
and Brown v. Board of Education. Next, the
topics shifted to pertinent issues localized in the
New Orleans public education system. In order
to enhance active learning, the students were
encouraged to discuss with their classmates on

Workshops And
Reflection and Interactions
Discussion with the

= - Community

Figure 3. The five subsections of the course.
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how to resolve issues pertaining to STEM
education.

The second subsection was composed of a
series of workshops that equipped the
undergraduate students in thinking about how
to properly and respectfully interact with the
public-school students. In terms of socio-
economic and demographic standpoints, the
background of many of the undergraduate

students are substantially different from
students in the local public schools. This
disparity in background was specifically
discussed and analyzed prior to the

demonstration activities. In order to mitigate
problems that can arise when volunteers enter a
different community, a specific training session
was held. In particular, TAs from the CPS led a
workshop on “Entering Communities” that
focused on working with youth. Here, the Tulane
students were encouraged to examine concepts
including privilege, microaggressions, and
respectful engagement with other communities.

In addition, community partners (e.g. the
Academic Coordinator of Elevate New Orleans)
were invited to spearhead discussions on
specific problem areas including the lack of
accessible equipment for interactive chemistry
and other science, the need for educational
outreach, and possible solutions in the local
education community. Further, a discussion
was hosted by the coordinator for Tulane’s K-12
STEM Outreach program in which the
importance of STEM, outreach, and creating
greater educational parity in New Orleans were
discussed. Taken together, these events enabled
the students to gain a deeper understanding
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about the New Orleans community, issues
pertaining to STEM education, and served to
initiate a partnership between the
undergraduate students and the community.

The third subsection of the course involved
reinforcing key chemistry concepts important to
each demonstration through a combination of
readings, discussions, and experiential learning
in a lab setting. The students were given
guidelines for each demonstration and, under
the supervision of the graduate student TAs,
practiced going through each demonstration
while explaining the wunderlying chemical
concepts. Following this practice, they were
encouraged to discuss with their partners how
to best explain and demonstrate the activities for
their target student audience. This generated
more exposure to each subject and helped the
undergraduates learn to explain the topics in
relatable ways.

The fourth subsection involved the active
service component of the course. This
subsection served to not only introduce or
reinforce chemistry concepts to the K-12
students but also allowed the undergraduates to
apply chemistry knowledge in a practical
setting. This opportunity was designed to foster
interest in STEM among the public-school
students through interesting visual effects and
interactive demonstrations.

Visiting the schools allowed the Tulane
students to experience the environment of the
public schools, while the field trip allowed the
public-school students to experience a
university setting and see laboratories.

Final Survey

Community
Outreach
Workshop

CPS Mid-
semester
Reflection

Community
Partner
Meeting

STEM
Outreach
Meeting

Field Trip to
Tulane

CPS End of
Semester
Reflection

“Working
With Youth”

Figure 4. Course structure and timeline.
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The last subsection follows the
demonstrations and involves introspection on
the service-learning activities. This was
facilitated among the Tulane undergraduates by
CPS led midterm (after the school visits) and end
of semester (after the complete course)
reflections. These in-class reflections were
designed to help the undergraduate students
consider the implications of their service and the
problems that the community faces. The
interactive discussions were on subjects such as
preconceived expectations, anecdotes and
opinions on the experience. It is important to
note that these discussions were held in the
absence of the graduate TAs or professor,
allowing the students to discuss the course and
their experiences with the benefit of
anonymity. The overall structure and timeline of
the course is shown in Figure 4.

Chemistry Demonstrations

The undergraduate students had a choice
among six demonstrations covering different
aspects of chemistry. These demonstrations are
illustrated in Figure 5 and a brief synopsis is
provided below. The reader is also referred to the
Supplemental Section where the details and
demonstration protocols are provided. The

States of Matter, Density and Molecular
Motion

Phase changes with LN, and dry ice.

Processes that Absorb/Release Heat
Thermochemistry and the dissolution of salts.

Chemical Kinetics in Action
The Iodine Clock Reaction

Supramolecular Chemistry

Cyclodextrin host-guest complexation and
uorescence.

Oxidation/Reduction Reactions
The Silver Mirror Reaction

Density and Miscibility
The Density Rainbow

Figure 5. Chemistry topics and related topics.
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students were provided guidelines for the
demonstrations and participated in TA led
training sessions allowing each student to
practice every experiment in a safe location
before the public-school demonstrations. Each
student chose one of the six demonstration and
created a presentation that could be easily
modified based on the age group and
presentation space at the community partner
location. The undergraduate students also were
asked to make the demonstrations interactive
such that the public school students could
partcipate and get hands-on experience in some
aspect of the demonstrations.

Before the school visits, a group of 3 or 4
undergraduate  students  practiced their
demonstrations as a cohesive unit. Following
their preparation, the students were chaperoned
by one or more graduate TAs to the schools,
where they had a ca. 1.5-hour timeframe to
conduct their demonstrations. The overall time
commitment for demonstrations was typically 3
hours including travel to the venues and set-up
time. At the service-learning sites, each
undergraduate student received the opportunity
to both lead their primary demonstration and
assist with the demonstrations being conducted
by their peers.

The second chemistry demonstration
component that the students participated in was
associated with a field trip, where students from
one of the partner schools came to Tulane for a
chance to see the chemistry research
laboratories. Here the public-school students
were exposed to demonstrations that were either
regarded as sufficiently dangerous that they
needed to be conducted in a laboratory setting
with appropriate engineering controls or were
unable to be transported to the schools. These
demonstrations were performed by graduate
students and included manipulating LASERSs,
combusting gummy bears in a pure oxygen
environment generated from = potassium
chlorate, and generating oscillating fluorescence
using organometallic complexes. During this
trip, the undergraduates each performed a
second different demonstration for the visiting
students to supplement the demonstrations the
graduate students were performing.

When preparing for their demonstrations,
the undergraduate students had to consider the
age range of the school students they were
visiting. Not only did the undergraduates need
to understand the chemical concepts, but they
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also needed to convey this knowledge to the
younger students. This practice served to
reinforce the understanding of chemistry by the
Tulane students. Some examples of
explanations of concepts or replacement
definitions for chemical terminology that the
undergraduate  students formulated are
presented in Supplemental Table 1. The
undergraduate students discussed concepts
related to real world examples, visual
representations, and common compounds
already familiar to the K-12 students.

States of Matter, Density and Molecular
Motion: Phase changes with liquid nitrogen (LN2)
and dry ice. (Adapted from George Stanley and
Patrick Limbach)+5

This experiment allowed the undergraduate
students to demonstrate phase changes, flash
freezing, and gas contraction/expansion via a
dry ice filled balloon or glove. The undergraduate
students were able to link familiar phase
changes such as melting, freezing, and boiling to
the less familiar sublimation process of dry ice.
One of the most visually stimulating
components of this demonstration is when the
students are given the chance to blow soap
bubbles on top of the sublimating dry ice. This
experiment also provided a vehicle to explain the
concept of density. Condensation is a recurring
theme during this demonstration (i.e., LN2
condensing higher-boiling gasses from the air as
it falls to the floor). This demonstration also
expanded on the concept of boiling. The
undergraduate students explained that many
substances boil at temperatures that are cold,
as opposed to hot. This was demonstrated
through LN2. The LN2 was also used to flash
freeze different objects such as flowers.

Processes that Absorb/Release Heat:
Thermochemistry and the dissolution of salts.
(Adapted from Bassam Shakhashiri)+6

This demonstration uses salts (lithium
chloride and ammonium nitrate) commonly
found in hot and cold packs to represent
thermochemistry in a relatable way. The
concepts of exothermic and endothermic
processes were explained using real-world
comparisons to hot and cold packs. This related
the chemistry theory to applications (e.g.,
treating sports injuries) that the school students
were familiar with and could readily relate to.
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Chemical Kinetics in Action: The Iodine Clock
Reaction (Adapted from Bassam Shakhashiri)+6

This experiment visually represents the
effects of concentration on reaction rate. In
particular, the rate of the color change in the
iodine clock reaction is dependent on the
concentration of the reacting species with the
color change occurring faster with higher
concentration. The Tulane students discussed
concentration in terms of amount of people in a
room, comparing the reaction rate to a game of
tag with low concentration comparable to a
game with few people playing and high
concentration involving many people. It is faster
to catch someone with more people playing than
less, much like a reaction will occur faster with
more molecules.

Supramolecular Chemistry: Cyclodextrin host-
guest complexation and fluorescence. (Adapted
from Brian D. Wagner, Penny J. MacDonald,
Maryam Wagner and Thomas A. Betts)4?

This demonstration introduces the concept
of host-guest binding in supramolecular
chemistry as well as the concept of fluorescence.
In particular, the interaction of a host
(hydroxypropyl B cyclodextrin) and guest (8-
anilino naphthalene sulfonic acid, ANS) results
in strongly enhanced fluorescence of the ANS.
Supramolecular chemistry is an advanced topic
that can be difficult to understand. However,
relating supramolecular chemistry to molecular
interactions in biology and representing the host
and guest with a literal cup and ball helped the
school students visualize the idea.

Oxidation/Reduction Reactions: The Silver
Mirror Reaction (Adapted from Bassam
Shakhashiri)+6

This experiment introduced the concept of
oxidation/reduction reactions by wusing the
precipitation of silver from its ionic form onto the
sides of a glass vial. This experiment connected
how electrons functioned in reactions involving
oxidation or reduction. The change from silver
nitrate to elemental silver demonstrates the idea
of a redox reaction whilst providing an awe-
inspiring moment when the formerly colorless
solution plates the glass vial with a silver mirror.
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A Chemistry Career Interest

4: Not Interested _
3: Somewhat Interested -
2: Interested '

1: Very Interested .

Response Choice

0 2 4 6

Number of Students

m After mBefore

Chemistry Adjacent Career
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Figure 6. Measuring Interest in Career Options (a) Chemistry career Interest: comparisons of before and after surveys
Response Choices I: Very interested in pursuing a chemistry career path 2: Interested in pursuing a chemistry career path.
3: Somewhat Interested in pursuing a chemistry career path 4: Not interested in pursuing a chemistry career path. (b)
Chemistry adjacent Career: comparison of before/after surveys regarding interest in pursuing a career in something related
to chemistry with response choices: 1: Very interested 2: Interested 3: Somewhat Interested 4: Not interested

Density and Miscibility: The Density Rainbow
(Adapted from Steve Spangler)+8

This demonstration visually represents the
concept of density in a colorful manner and
shows how miscibility can affect the mixing or
(lack thereof) of different substances. The terms
of hydrophobicity and hydrophilicity were
explained using layman language associated
with ‘philic’ and ‘phobic’ in addition to using
examples such as oil and water.

RESULTS AND DISCUSSION

The results from the course were evaluated in
terms of outcomes for the undergraduate
students and graduate student TAs. The
undergraduates were surveyed on their self-
efficacy and interest in STEM as well as interest
in community engagement. Graduate student
outcomes were evaluated through anecdotal
experiences.

Methodology

The undergraduates were evaluated with a
paired set of anonymous before and after
surveys to gauge their development as the
course progressed and also to determine if there
were any changes in their mindsets about topics
ranging from future career choices to confidence
in their mastery of chemical concepts. The
surveys and complete data are attached in the
SI. The before survey was administered to the
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students following the completion of the lecture
and practice demonstration portions of the class
(prior to their visit to the local schools). The
after-survey = was  administered to the
undergraduates following the conclusion of their
final reflection. In questions that were paired
together, analysis was done via a one-tailed
student t-test for a paired sample.

Undergraduate Student Outcomes

The students who take CHEM 1898 course are
typically pre-medical scholars. Hence, it would
follow that few would readily change their entire
career path after this one course. Indeed, as can
be seen in the pre and post survey results shown
in Figure 6a the interest in chemistry careers is
low and does not change appreciably as a
function of taking the service-learning course. In
contrast, from the questions gauging their
interest in pursuing chemistry related careers, it
was found that the students became much more
certain about joining a career that is adjacent to
chemistry (i.e. doctor, chemical engineer). As
can be seen in Figure 6b in the after-survey, 6
(out of 15) more students indicated that they
were very interested in pursuing a career in a
chemistry adjacent field. These results make us
suggest that the course enhanced the students’
motivation in STEM careers (albeit not in pure
chemistry). Furthermore, such an increase was
encouraging since this class was composed of
mainly females (80%), a group that is typically
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under-represented in STEM fields!1.
Additionally, several students noted that they
were pleasantly surprised about their comfort in
working with young students and could see
themselves working with children, in a teaching
capacity or otherwise.

In addition to the increase in resolve to
remain in STEM fields, the undergraduate
students expressed increased confidence in all,
or most chemistry concepts presented in CHEM
1898 when compared to a standard general
chemistry lab course (Figure 7). What is striking
is a couple of students even mentioned that they
had no confidence in concepts learnt in general
chemistry laboratory.
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Figure 7. Undergraduate Student Confidence in their
retention of chemistry concepts based on the source.

Beyond just enhancing material learning,
students were also assessed on their
development in other areas. In further
assessment, students were surveyed on their
interest in participating in future community
outreach and a modest change was observed
(see Figure S2). Out of 15 students, 3 more
students assessed themselves as being more
likely to participate in community outreach in
the future. This small change in addition to the
high baseline interest could be possibly
explained by the fact that Tulane is a pioneering
institution in terms of focusing on service and
thus many students choose to come to Tulane,
in part, because of their own interest in
community outreach. This change was
accompanied by a modest increase in the
number of students indicating that they felt at
least somewhat connected to the surrounding
community (Figure S3).

Another aspect the students were assessed
on was their comfort with public speaking. The
students in this class were already quite
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confident in public speaking: a majority of the
students indicated that they already felt
comfortable in speaking to a large audience.
However, of those that were less confident, they
indicated at least some improvement in their
mindset towards public speaking after the
course (Figure S4). Most of these students
indicated the course helped them feel more
comfortable in small or medium sized settings,
or that they now felt more prepared to rephrase
ideas when necessary.

Graduate Student TA Outcomes

None of the TAs had prior background in leading
a service-learning course. All the TAs initially
became involved with the course, in part, to
fulfill the mandate for service from their
Louisiana Board of Regents fellowships, but all
TAs continued participating in the course after
their fellowship period expired.

The TAs of this course were given multiple
leadership opportunities. The TAs designed and
delivered the pedagogy and history lectures to
the undergraduates. They also were required to
design and alter the chemistry demonstrations
and lessons. The TAs originally aided in finding
community partners, and after the initiation of
a partnership with CPS, the TAs acted as
liaisons between the course and the CPS based
workers.

This course enabled the TAs to gain
academic and pedagogical experience beyond
their research focus on supramolecular
chemistry. The TAs also gained interpersonal
and management skills as a result of working in
a large collaborative setting with undergraduate
students, community members, and school
students—which is in contrast to skills learnt
from a TA assignment in a typical chemistry
course. In addition to this, involvement with the
course encouraged the graduate TAs to explore
pedagogy, a rare opportunity for typical
graduate students in chemistry.

CONCLUSION

We have described a chemistry centered service-
learning course taught at Tulane in the city of
New Orleans. This course was aimed at
enhancing student interest and self-efficacy in
STEM. The course has been offered at Tulane
since 2009 The Spring 2019 iteration of the

course involved a diversified curriculum,
including general chemistry and
supramolecular chemistry concepts and

10
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corresponding eye-catching demonstrations.
Further, the course was designed to facilitate
student thinking and discussion on the need for
STEM-related service and examining the societal
reasons that have led to this need. The course
also combined community partner led
discussions and worked with the Tulane CPS
that offered key logistical support (e.g., student
preparation prior to entering the community and
help with establishing community
partnerships).

CHEM 1898 also incorporated multiple
student surveys and these evaluations lead us
to suggest that the undergraduate students had
an enhanced desire to pursue STEM careers
(albeit not in pure chemistry). Importantly, in
general, the students expressed high confidence
in the retention of the chemistry concepts that
the course focused on, in contrast to concepts
retained from a standard general chemistry lab
course. In addition, the service-learning
experience increased student comfort in working
with children. There was also a modest increase
in encouraging future community outreach by
the undergraduate students, however, these
students were already very likely to conduct
community outreach projects.

In conclusion, CHEM 1898 is a well-rounded
chemistry-based service-learning course
designed to provide undergraduate students,
graduate students, and the surrounding
community an opportunity to effectively
collaborate on a mutually beneficial project that
strengthens the resolve to join or continue with
STEM and raises the enthusiasm of all involved.
We believe that this type of chemistry-based
service-learning course can be readily adapted
to help other universities interested in
enhancing student interest and self-efficacy in
STEM  whilst also developing  strong
partnerships with the outlying community.
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