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Foreword
The ACS Symposium Series was first published in 1974 to provide a

mechanism for publishing symposia quickly in book form. The purpose of
the series is to publish timely, comprehensive books developed from the ACS
sponsored symposia based on current scientific research. Occasionally, books are
developed from symposia sponsored by other organizations when the topic is of
keen interest to the chemistry audience.

Before agreeing to publish a book, the proposed table of contents is reviewed
for appropriate and comprehensive coverage and for interest to the audience. Some
papers may be excluded to better focus the book; others may be added to provide
comprehensiveness. When appropriate, overview or introductory chapters are
added. Drafts of chapters are peer-reviewed prior to final acceptance or rejection,
and manuscripts are prepared in camera-ready format.

As a rule, only original research papers and original review papers are
included in the volumes. Verbatim reproductions of previous published papers
are not accepted.

ACS Books Department
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Preface
College and university faculty find themselves tasked with teaching in the

face of ever-changing trends in higher education and constant shifts in the student
population. Educators must balance student engagement and retention with their
learning and satisfaction in a never-ending cycle of changes in technology, the
economy, and the political climate. Even when certain pedagogies or classroom
techniques are shown to be beneficial in one discipline, individual faculty may
find it challenging to apply them in their own classrooms. This is certainly true in
chemistry. Many faculty in chemistry today struggle to embrace research-based
educational practices, even those coming out of our own discipline. Graduate
programs in chemical education, recent reports on discipline-based education
research (1), and an increase in the scholarship of teaching and learning in
chemistry indicate a desire among many faculty to change—to reach students
in new and exciting ways or to change curricula to better meet students’ needs.
Faculty are looking for things that work—techniques used by chemists, for
chemists. This volume contributes to this on-going conversation.

The scholarship presented within this volume is organized in three sections.
The first explores innovations found to enhance the learning of typical students
as well as those who may be under-prepared. Authors describe their experiences
using the flipped classroom and institutional readiness models. The second
section provides examples of how technology may be utilized in the chemistry
classroom—from e-textbook usage to a computational chemistry program to
concrete suggestions for teaching chemistry online. The final section addresses
broader issues in chemistry. One chapter demonstrates how to incorporate
High-Impact Educational Practices (2) into courses for chemistry majors and
nonmajors. A final chapter describes how colleges can adopt the Green Chemistry
Commitment. Additionally, contextual information for pedagogical change may
be found in the Introduction as well as helpful tips for adopting new approaches.

This volume is a compilation of work presented in a symposium on chemical
education at the 66th Southeastern Regional Meeting of the American Chemical
Society held on 17 October 2014 in Nashville, Tennessee. It represents the
endeavors of faculty from small, medium, and large programs at both public and
private institutions. We have included information applicable to teaching general
education chemistry, freshman chemistry, and advanced chemistry majors. Each
chapter provides ample resources for further research and application of the
techniques presented. We hope you find the materials engaging and that you
discover practical suggestions for improving your own teaching.

ix
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Chapter 1

An Introduction to Educational Promises:
Challenges and Strategies

Kimberlee Daus* and Rachel Rigsby*

Department of Chemistry, Belmont University,
Nashville, Tennessee 37212, United States

*E-mail: kim.daus@belmont.edu; rachel.rigsby@belmont.edu

Adopting an alternative pedagogy in your classroom can be a
daunting task—options seem endless, and barriers to change
are high. Here we frame evidence-based strategies presented in
this volume around identified high-impact educational practices.
Additionally, we provide tools to guide the decision-making
process for faculty looking to make changes in their classrooms.

Introduction

Congratulations! Whether you’ve decided to make changes to your course or
program due to a personal desire to increase learning in your classroom or due to
institutional programmatic changes, wewelcome you to the engaging conversation
surrounding teaching and learning chemistry. This chapter is designed to help you
on your journey. First, we will consider one call to action that broadly impacts
teaching and learning in any program. Second, we will look at challenges you may
face in adopting new pedagogy or strategies to address the challenges. Finally, we
will help you match your current needs with chapters in this volume using the
criteria of course placement and multiple high-impact educational practices.

© 2015 American Chemical Society

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 A
ug

us
t 2

7,
 2

01
5 

| d
oi

: 1
0.

10
21

/b
k-

20
15

-1
19

3.
ch

00
1

In The Promise of Chemical Education: Addressing our Students’ Needs; Rigsby, et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2015. 



A Call for Reform
Over the years there have been many calls for educational reform. A recent

challenge, issued by the American Association of Colleges & Universities,
invites teachers and administration to rethink curriculum in terms of pedagogical
practices. In High-Impact Educational Practices: What They Are, Who Has
Access to Them, and Why They Matter, George Kuh identifies ten pedagogical
approaches that have proven beneficial for many college students (1). Several of
these approaches, which Kuh termed “high-impact practices,” are well known
to chemists; these include undergraduate research, collaborative projects and
assignments, internships, and capstone courses and projects. Other practices
may be utilized by some chemists in their courses or curriculum (learning
communities, writing-intensive courses, service- or community-based learning,
and common intellectual experiences). Additional practices, including first-year
seminars and diversity/global learning, may be adopted as part of a chemistry
curriculum and/or may be taught by chemistry faculty. These practices, when
incorporated into the chemistry curriculum and courses, can result in higher levels
of student engagement and critical thinking skills. Such practices can also help
students make better connections between content areas as well as provide them
with applicable experiential learning.

Challenges and Barriers
Decades of research funded by organizations such as the National Science

Foundation have proven the effectiveness of many teaching strategies, with clear
evidence supporting increases in student learning and engagement. In addition
to the practices identified by Kuh, specific innovations in science pedagogy are
abundant. Even the briefest literature review offers thousands of results touting
the advantages of problem-based learning, active learning, process-oriented
guided inquiry learning (POGIL), and even a recent article on ‘innovation
pedagogy’ (2). However, faculty adoption of new strategies is slow (3). This
problem is not unique to chemistry—reports describe the resistance of medical
schools to adopt problem-based learning, which began in 1968 but has taken years
to achieve wide-spread acceptance despite solid evidence of its effectiveness (4).
One case study in chemical engineering posits that convincing research doesn’t
result in faculty adoption of new pedagogy (5). Why do faculty resist change?
Anecdotal evidence (possibly your experience as well) would suggest a lack of
time or resources as primary barriers. Academicians are busy, balancing teaching
responsibilities with a myriad of activities including research and publication
expectations, student advising, and institutional service. Additionally, they are
notoriously autonomous, with strong thoughts on what should go on in their
classrooms. Fundamentally, faculty often tend to teach how they were taught,
which for many in the sciences was the standard ‘sage on the stage’ lecture
method. One report suggests that a primary barrier producing this resistance is that
STEM change strategies are primarily based on a development and dissemination
change model (6). This is a ‘top-down’ approach to STEM education—faculty are
handed, in the form of scholarly publications or suggestions from administrators,
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strategies ‘proven’ to improve student learning. However, faculty are often not
armed with practical suggestions for implementing changes in the context of
their individual curriculum or classroom or have the necessary support structure
to aid them in making changes. Furthermore, faculty in the tenure pipeline may
perceive the risk of change as being too great (3). The result is, in spite of funding
to develop and disseminate new pedagogies, the current model of prescribing
change and expecting implementation doesn’t produce the desired change.

So, how then do we implement change? Most faculty have a desire to improve
their teaching. However, many faculty feel overwhelmed at the challenges
associated with change. You may find yourself in this situation—looking for ways
to invigorate your teaching but not sure where to begin. Sometimes looking for
help from colleagues is a great place to start. A recent five-year project funded by
the National Science Foundation aims to distribute new pedagogies to pre-college
teachers through networks, where teachers demonstrate techniques for each other
and encourage everyone in their network to use best practices in their classrooms
(7). It seems that seeking assistance from others in the trenches of teaching can
be an effective agent of change, bringing new pedagogies to more classrooms in
a timely manner.

Now that you’ve become interested in pedagogical change, youmay be asking
yourself, “What is the ‘best’ strategy to use in my classroom?” According to Ken
Bain, author of “What the Best College Teachers Do,” it takes more than just
adopting a pedagogy to create a successful learning environment (8). In addition
to knowing their subject matter well, the best teachers approach their classes as
“serious intellectual endeavors (8).” They have high but realistic expectations for
their students and are able to create a strong, appropriate rapport with students.
Their assignments focus on relevant, timely questions in their disciplines and the
teachers are able to share their own sense of wonder and curiosity (in their fields).
The best teachers are reflective and honest with themselves and, if an endeavor
fails, look for the source of failure and do not blame their students. In other words,
it’s not the specific pedagogy that creates the optimal learning environment; what
is important is how effectively the teacher uses that pedagogy to reach students.

Practical Advice

Finding that it doesn’t matter what you choose may take the pressure off! On
the other hand, if there isn’t one ‘best’ option, what should you choose, given
the plethora of pedagogical choices available? The following suggestions may be
helpful as you consider how to implement change in your classroom:

- Be true to yourself. Choose a pedagogy that you are passionate about
and that you would be comfortable implementing. Once you’ve been
successful in one particular pedagogy you may be confident enough to
branch out and try others.

- Start small. Changing one assignment, trying a new lab format, or
implementing one week of flipped instruction in one class allows you to
trial a new pedagogy to see what works for you.

3
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- Communicate with your students. Talk with them about why you are
trying this new teaching endeavor, what you hope they gain from it,
and evidence that supports your trial. Also, clearly identify learning
objectives that this new technique will address.

- Ask for student feedback. Ask students what worked, what didn’t work,
and for any suggestions for improvement.

- Be reflective. In addition to taking notes on what worked and what didn’t,
it is good practice to also personally reflect on the experience. Were
you comfortable implementing the pedagogy? What did you like and/or
dislike about the experience? Were the students more engaged as a result
of the pedagogy? Did deeper learning result? How do you know?

How To Use the Book

We hope this volume provides you with resources to begin or further your
journey of change in the classroom. For a quick view of the book and its
topics, Table 1 organizes the strategies presented in this work with their intended
audience of non-science majors, freshman or sophomore chemistry majors, or
upperclassmen. Additionally, the table identifies strategies applicable across an
entire program or curriculum. The table further aligns each option with one or
more related High-Impact Practices (HIPs) (1). Brief descriptions of the HIPs (9)
and connections to chapters in this volume immediately follow the table.

First-Year Seminars and Experiences

Many programs are beginning to use first-year courses to bring small groups
of students together with faculty or staff on a regular basis. In chemistry, they
may be used to introduce faculty research or help students adjust to college life.
Information in Chapter 2 (Teaching to the Edges) could easily be used in a first-year
experience. Additionally, Chapter 4 describes the use of e-textbooks in a first year
chemistry class.

Common Intellectual Experiences

The idea of a “core” curriculum has evolved into a variety of forms, such
as a set of required common courses for students moving through a program.
This could also be thought of as a common theme or pedagogy used by faculty at
various points within a program. In the context of a chemistry curriculum, online
discussion boards (Chapter 5) and a specialized software tool for students (Chapter
7) could provide the educational advantages of a common experience.

4
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Table 1. Alignment of pedagogies in this work with their targeted student group. HIPs: 1 = First-Year Seminars and Experiences; 2
= Common Intellectual Experiences; 3 = Learning Communities; 4 = Writing Intensive Courses; 5 = Collaborative Assignments and
Projects; 6 = Undergraduate Research; 7 = Diversity/Global Learning; 8 = Service Learning/Community-Based Learning; 9 =

Internships; 10 = Capstone Courses and Projects

Nonmajors Majors –
Freshman

Majors –
Sophomores

Majors –
Upperclassman Programmatic HIP

Teaching
Chemistry to the
edges

1

Flipped Classroom
- organic 5

E-textbooks 1

Discussion board 2

Research methods
course 6, 10

PSI4 Education 2, 6

Experiential
Learning 3, 8, 9

Green Chemistry 7, 10

5
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Learning Communities

Learning Communities are designed to encourage integration of learning
across different courses. Students take two or more linked courses as a group and
work closely with one another and with their professors. Learning Communities
can explore a common topic and/or common readings through the lenses of
different disciplines. Information on general education and major-specific
chemistry learning community courses (Chapter 8) could be helpful if you are
looking to incorporate this pedagogy into your curriculum.

Writing-Intensive Courses

These courses emphasize writing across the curriculum. Some programs may
have writing-intensive courses in the form of classes designed to teach students
scientific writing through production of lab reports or undergraduate research
papers. While not addressed here, options specific to science can be found in the
literature (10, 11).

Collaborative Assignments and Projects

Collaborative learning helps students learn to solve problems as part of a
team. This can occur in a variety of ways, from course study groups to team
assignments, and even undergraduate research. Using the flipped classroom
approach (Chapter 3) can deepen collaborative relationships as students work
together in the classroom.

Undergraduate Research

Research is a component of many programs in the sciences. Many programs
are funded by the National Science Foundation (12) and supported by the
American Chemical Society’s undergraduate research symposia. Typical
chemistry research courses could be modified using techniques outlined in
Chapters 6 (Methods Course) and 7 (PSI4).

Diversity/Global Learning

Many colleges approach diversity and global learning from the perspective of
teaching students about other cultures and worldviews. While cultural viewpoints
are often neglected in a typical chemistry curriculum, the adoption of the Green
Chemistry perspective (Chapter 9) certainly applies here.

Service Learning, Community-Based Learning

The goal of this pedagogy is to provide students with direct, real-world
applications of their discipline where they experience deeper learning of subject
matter through service to their community. Many faculty may dip into this arena
in a co-curricular way through ACS outreach programs through their student

6
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groups. A key component to using this in the classroom is to add learning
goals and student reflections on the experience. The chapter on experiential
learning (Chapter 8) can provide ideas for learning and applying chemistry in
your community.

Internships

Internships are another increasingly common form of experiential learning.
Here students are supervised as they experience their discipline in a professional
environment. Internships are often used in addition to undergraduate research to
give students hands-on experience in chemistry. We do not directly address the
use of internships in chemistry in this work.

Capstone Courses and Projects

Whether they’re called “senior capstones” or some other name, these
culminating experiences require students nearing the end of their college years to
create a project of some sort that integrates and applies what they’ve learned. The
project might be a research paper, a performance, a portfolio of “best work,” or
an exhibit of artwork. Capstones are offered both in departmental programs and,
increasingly, in general education as well. Examples of capstone courses/projects
may be found in several chapters (Chapters 6 and 9).

Conclusion
So, is changing your classroom worth the cost? It will take a lot of work, but

we think it is. We hope you find the information presented here and in the chapters
that follow helpful and inspiring. We wish you the best of luck in your teaching
endeavors!
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Chapter 2

Teaching College Chemistry to the Edges
Rather Than to the Average

Implications for Less Experienced Science Students

Dorian A. Canelas*

Department of Chemistry, Duke University,
Durham, North Carolina 27708-0346, United States

*E-mail: dorian.canelas@duke.edu

Students in the lowest quartile of their matriculating class in
terms of the math and science experiences usually struggle
in their first chemistry course in college. Although math and
science experience closely tracks with family income and
access to advanced placement and honors high school courses
rather than with individual intelligence, attrition from science
coursework during the first year of study has become the norm
for this group. Access to college continues to expand, but
institutions of higher learning have been slow to adapt to the
increasingly diverse backgrounds of their student bodies. The
challenge presented by the breadth of learners’ backgrounds
constitutes an issue of poor institutional readiness rather than
a problem arising from any characteristics of the students
themselves. This viewpoint puts the duty to provide legitimate
pathways for student success squarely on the shoulders of
faculty who develop curricula, teach classes, and lead programs.
With this in mind, faculty in the Duke University Department
of Chemistry began systematic assessment of undergraduate
student outcomes in gateway chemistry courses. Results
from this work spurred major curricular and institutional
programming changes to address the wide range of learner
backgrounds in chemistry and scientific problem solving.
Better matching of courses with the learners’ existing skills
and implementation of known high impact practices such as
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collaborative in-class work and new learning communities
were keys in this process. A preliminary assessment of these
changes, including demographic impact, will be discussed.

Societal and income barriers to post-secondary education are dissolving. This
challenges institutions to implement programs and readiness models that address
the wide variability of students’ experiences, skills, and backgrounds. Despite
the logistical hurdles, time commitment, and expense in the implementation of
successful programs to this end, gains have beenmade in increasing the diversity of
the learners earning degrees in science, technology, engineering, and mathematics
(STEM) fields in the past 50 years (1). But the work remains unfinished: high
course attrition rates of students from all backgrounds continue to plague STEM
programs at colleges and universities nationwide (2, 3). Substantial additional
progress is needed to achieve racial and gender parity in retention through the
pipeline (4), so national efforts aimed at increasing diversity in STEM in the first
two years of college continue (5).

Underrepresented minorities (URMs), defined here as African Americans,
Latinos, and Native Americans, represent nearly 30 percent of the US population
and almost 40 percent of the nation’s K–12 enrollment (6, 7). However, this
demographic group earns less than 20 percent of the bachelor’s degrees and less
than 10 percent of the doctorates in STEM (6, 7). This gap in the composition of
the STEM professional ranks is not due to lack of interest in science on the part of
high school students and matriculating college students. As part of a quantitative
comparison of a diverse group of learners at key transition points, Garrison notes
that “Among college freshmen, race-ethnic differences in plans for a science or
engineering major are very small and have little impact on the ultimate level of
underrepresentation (8). . .” Moreover, this segment of the population is growing:
2011 was the first year in which domestic births of white babies were not the
majority according to data released by the United States census bureau (9). In fact,
people in groups currently described as URMs will actually be the majority of the
population within just a few decades. So, efforts to open real access to advanced
training in the STEM disciplines need to continue not only because of the tenant
of equal opportunity upon which this country was built, but also because of the
practical need for the United States to remain a leader in science, innovation, and
healthcare in the global economy.

Why is chemistry, just one of many STEM disciplines, especially important
in this discussion? One reason is that chemistry is often described as the “central
science,” with textbooks and even an ACS journal noting this distinction in
their titles. A basic understanding of chemistry is needed for advanced study in
many other disciplines, but it is not especially emphasized in our K-12 education
system. Instead, most students enter college with merely a single year of high
school chemistry coursework under their belts. When coursework is mentioned,
college chemistry courses are much more frequently cited by students than any
other courses in interviews about abandoning pre-medical aspirations (10, 11).
Barr concludes that chemistry is the key gateway course sequence that discourages
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students from continuing to pursue science and health-related degrees (10, 11).
Barr also notes that, in his studies of undergraduates at Stanford and the University
of California at Berkeley, this phenomenon severely and disproportionately
impacted female students and URM students (10, 11). This point is of particular
importance at Duke University because of the way our curriculum is currently
structured: credit for college-level general chemistry is a pre-requisite for the
gateway biology courses. Because of this requirement, first-term freshman
interested in science are taking either chemistry or physics as their first college
science course (and the vast majority, >90%, take chemistry first.)

Despite the documented history of some discouraging effects of chemistry
coursework on science major selection and pre-health study, best practices for
the college academic and co-curricular experiences that lead to retention of all
students, and URM students in particular, in STEM undergraduate education
have been well documented (12–15). Chang found that “studying frequently with
others, participating in undergraduate research, and involvement in academic
clubs or organizations” were student behaviors that correlated with increased
persistence in STEM coursework (12). Herein, a practioner’s view of teaching,
departmental curriculum reform, and the creation of student communities of
scholarship is presented. In addition to a discussion of the early outcomes from
assessment of chemistry curriculum reform, the implementation of two key
high impact practices (15), collaborative assignments and projects and learning
communities, will be discussed in the context of their correlation with student
success and retention in chemistry.

Theoretical Framework and Perspective

From the extreme viewpoints, the relatively high attrition rates from STEM
coursework pathways can be viewed as either a student-centered issue or an
issue of institutional readiness. This critical choice of perspective governs
how curricular and student support programming choices are made by STEM
department faculty, university teaching and learning centers, and the institutional
administrators who fund these choices. Each of these perspectives is explored in
more detail below.

Student-Centered Models for Explaining High Attrition

Researchers invoking student-centered models have explored various angles
that contribute to students staying in science or leaving science. One of the most
prominent faculty viewpoints is the student deficit model of thinking. Proponents
of this model subscribe to the perspective that many or most students who
leave STEM fields, even after expressing strong interest immediately prior to
matriculation, do so because they are either woefully academically underprepared
(16–18) or because they expect high grades yet are unwilling or unable to tackle
the heavy academic workload (19, 20). This model conveniently allows college
educators to absolve themselves of any responsibility for high attrition or failure
rates in their own classes and evoke an external locus of control. After all, in this
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model for explaining attrition, all fault for failure to thrive lies with the either
the students (in some cases entire demographic groups) or the secondary school
system from whence they graduated. Some professors quite enthusiastically
cling to this model, feeling that only “above average” or the “strongest” (in
their estimation) students should “survive” in their courses. Koebler describes
this attitude: “Many veteran STEM professors believe science should be hard,
and the course work isn’t something every student can do. For them, difficult
freshman-year classes separate the cream of the crop (21).” Infused in this
viewpoint are three co-existing central premises: 1) that raw talent and intrinsic
ability are the most important characteristics for excelling in fields such as science,
2) that ability is fixed and innate in each individual, and 3) that individuals with
certain demographic characteristics (e.g. Caucasian male or Asian male) (22) are
most likely to possess this needed talent. Although many academics would flat
out deny having the implicit bias apparent in the third point, a recent nationwide
survey of academics confirmed the pervasiveness of this philosophical vantage
point, termed “field-specific ability beliefs”, in college and university faculty (22).

Other student-centered models for attrition from STEM focus on student
attitudes about STEM fields. Student perceptions about how each individual or
his or her group fits into a specific field are examined. Numerous studies have
explored the impact of stereotype threat−“the anxiety of being judged based on a
negative group stereotype (23)”−and more recently “expectations of brilliance”
commonly associated with science, mathematics, and some other academic fields,
such as philosophy, economics, and music composition (22).

In a variation of the student-deficit theory, students who are in the bottom
quartile of their class in terms of their pre-college standardized test scores are said
in some circles to be “mismatched.” Decades ago, proponents of the “mismatch
hypothesis” asserted that such students experience relative deprivation that causes
them to change career paths (24). The message was that these students should
have chosen to attend less selective institutions in which they would have been
a “big fish in a small pond (24).” More recently, Smyth and McArdle asserted
that “At the individual level, offering a relatively educationally disadvantaged
applicant the chance to benefit and graduate from a more selective institution
may put at increased risk his or her goal of a career in science (25).” Espinosa
confirmed these results in the specific case of women of color in undergraduate
STEM majors: “negative indicators of persistence include attending a highly
selective institution (26).” On the other hand, in a much larger study, Chang and
co-workers showed that the situation is quite complicated, and that the mismatch
hypothesis and anticipatory socialization theory counter each other (27). They
recommend that “research universities should take a much harder look at why
those students who should otherwise complete a science major are not doing so
on their campuses (27).”

Institutional Readiness Models for High Attrition

The counterpoint to this furor over student deficits, stereotype threat, and
mismatch hypothesis is the concept of needed improvements in institutional
readiness. Proponents of the institutional readiness model (28) assert that our
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academic institutions still erroneously function via a curricular framework
designed for a demographically much more homogeneous student body of
decades past. Indeed, it was probably quite reasonable to put all students in a
single introductory chemistry or biology or French class at a highly selective
college when all students had remarkably similar high school experiences at
a narrow subset of the nation’s strongest high schools. But, teaching to the
“average” only works when deviations from the average are minor. When
multiple dimensions are considered for a diverse group, the likelihood of any
individual being near or above average in all dimensions becomes extremely
small (29). In the same way, it was logical to design U.S. military aircraft cockpit
dimensions to male height and weight specifications when all pilots were men.
Prior to 1993, these dimensions accommodated the sitting height of 90% of
white men but only 30% of women (30). The integration of women into pilot
ranks was a disruptive change, challenging the status quo and forcing adaptation
(30). Mandated changes to military cockpit design parameters benefited not just
women, but also men of smaller stature. Because of this, it disproportionately
impacted men in certain racial and ethnic groups. Even before the changes were
mandated, pragmatists in the military argued that such changes would eventually
be necessary regardless of the combat status of women given the changes in the
ethnic and racial composition of the nation’s population (31).

Similarly, increased access to higher education means that college-bound
students hail from a much wider variety of backgrounds than ever before. Indeed,
the diversity of learners in college classrooms has expanded dramatically in
the past fifty years. The institutional readiness viewpoint rejects the ideas of
the student deficit model, mismatch hypothesis, or any simple definition of an
average or below average student, recognizing that each student brings a unique
set of strengths and weaknesses to his or her course work (32). This mode of
thinking, sometimes framed as jagged learner profiles, allows for the fact that
the student who has the most potential to be a truly exceptional scientist might
enter college with less prior exposure to science learning than his or her peers.
As an illustration, a particular student might enter college above average in
creativity, work ethic, self-confidence, intrinsic motivation, and quantitative
reasoning but below average in spatial reasoning, analytical reading, writing,
self-regulation, and interpersonal skills compared to his or her peers. Students
can be clustered into more narrow learning profile groups based upon similarities
in approaches to retaining information and problem solving (33, 34), and changes
to these learning profiles can be tracked over time (34). Indeed, all students
have relative strengths and weaknesses in areas important to academic learning
and ultimately in becoming a successful scientist. The institutional readiness
model puts responsibility to address these differences and develop a more highly
functional educational system firmly on the shoulders of university faculty
and administrators. In the ideal, more highly functional institutional system,
motivated students from all backgrounds should have an authentic opportunity to
succeed in STEM gateway courses and majors. This perspective is the one that
motivates us, as college and university educators, to make changes to the design
of our classes and programs in ways that allow the widest possible sample of our
more heterogeneous student body attending college in the 21st century to thrive.
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Using this theoretical framework and perspective, this assessment focused on
students with math SAT scores in the lowest quartile of their matriculating class. It
aimed to determine the baseline academic situation for these students in chemistry
courses given exposition-style classrooms and the curriculum prior to 2009. From
there, it aimed to explore how students’ pre-matriculation academic backgrounds
related to their grades and persistence in the initial gateway chemistry courses after
curriculum changes and to determine whether or not these relationships varied as
a function of gender and URM status.

Methods and Descriptions of Courses

Demographic and chemistry course outcome data were mined by personnel
of Duke University’s Trinity College Office of Assessment. Similar sets of data
were mined for students in the control group (Group 1), who matriculated in the
2006 or 2007 academic years, and students experiencing the new curriculum and
programming (Group 2), who matriculated in the 2009 or 2010 academic years.
Both groups were comprised only of students who enrolled in chemistry and who
were in the lowest quartile of their matriculating class in terms of reported SAT
math score (in some cases the SAT score was not reported, so when possible the
ACT math score was converted using a percentile-based concordance table) (35).
None of the students in either group had a reported score of 5 on the Advanced
Placement (AP) chemistry test. Students with a reported AP chemistry score of 4
(N = 4) were excluded from the study prior to analysis because those students were
qualified to start in a higher level chemistry class (Honors Chemistry) according
to university placement guidelines.

All students in Group 1 began their chemistry study with Chem21L, first
semester General Chemistry, the entry-level chemistry course available for
students interested in STEM fields or pre-health coursework prior to the curricular
revision of Fall, 2009. In contrast, students in Group 2 matriculated in Fall,
2009 or Fall, 2010 and began their chemistry study with Chem20D, Introduction
to Chemistry and Chemical Problem Solving, the new foundational entry-level
chemistry course available for students interested in STEM and health-related
fields after the curriculum revision.

In the analysis of grades, only the grade for each student’s first attempt in a
course was included in the study; subsequent grades earned by any student who
repeated after earning a D, F, or W grade on their first attempt were not counted to
avoid double counting results for students who withdrew on the first attempt and
then failed on the second attempt, for example. Any grades with plus or minus
designations were grouped in with the grades that did not contain a plus or minus.
As an illustration, B+ and B- grades were placed in the same group with B grades.
Grades of D, F, or W were combined into a single category to mimic the wide
reporting of DFW rates in the literature. Letter grades were then converted to
numerical grades using the following scale: A = 4, B = 3, C = 2, DFW = 1.

Differences in SAT scores and course grades between the two groups were
assessed by Student’s t-tests; a p value of < 0.05 was considered statistically
significant.
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Courses and Programs Prior to the Curriculum and Pedagogy Revisions

Other than the somewhat unusual twist that students are taking chemistry prior
to any gateway biology coursework, Duke University’s chemistry curriculum was
very traditional until the end of the 2007-08 academic year. The four main gateway
chemistry courses, two semesters of general chemistry followed by two semesters
of organic chemistry, were taught by faculty as large, lecture-style classes. During
the fall and spring terms, the total time in lecture was 150 minutes per week
spread over either two or three class periods. Each of these courses also contained
a weekly three hour lab and 50 minute recitation taught by teaching assistants.
Table 1 shows the courses offered in the normal course sequence for all students
who entered without advanced placement credit. Aside from the special cases
of students with AP credit, this course sequence was the same for all students
regardless of whether or not they had taken high school chemistry.

Table 1. Chemistry Course Sequence Experienced by Group 1 (the control
group)

Semester (term) Course number Course Title

1 Chem21L General Chemistry

2 Chem22L General Chemistry

3 Chem151L Organic Chemistry

4 Chem152L Organic Chemistry

Several institutional programs and resources were available for students
seeking help prior to the curriculum changes. In addition to instructor office
hours and department-sponsored resource rooms, the Academic Resource Center
(ARC) provided free, one-on-one peer tutors for general and organic chemistry.
Tutors would meet weekly with students at any student’s request in a massive
peer tutoring program. In addition, the ARC ran several peer or staff-led study
groups; these were generally offered to students only after they were identified as
struggling with coursework through mid-term grades, final grades in a previous
term, or advisor or faculty recommendation. Finally, ARC learning specialists
offered one-on-one sessions in an academic skills instructional program with a
focus on individual student development and self-regulated learning strategies. In
addition, the Minority Association of Pre-medical Students (MAPS) organized a
learning community each term. This provided peer-led study groups for interested
students in organic chemistry.

Courses and Programs after the Curriculum and Pedagogy Revisions

The chemistry curriculum revision involved the addition of a new course
for students with relatively less experience in chemistry and chemical problem
solving and a realignment of material sequence in the other courses. The new
curriculum was implemented for the first time in the 2009-2010 academic year.
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Table 2 shows the recommended course sequence for students who matriculate
with an SAT math score of 630 or below and/or less than one year of high school
chemistry. Since then the courses have been renumbered (Table 2, third column)
as part of an institution-wide change, but the content and sequence of courses has
not been substantively changed. Students with at least one year of high school
chemistry and a higher SAT math score are either advised to start in the second
course in the sequence or, if they have a qualifying AP chemistry score of 4 or 5,
granted AP credit for one or more courses.

Table 2. Chemistry Course Sequence after the Curriculum and Pedagogy
Revisions Experienced by Group 2

Term Course number New Number Course Title

1 Chem20D Chem99D Introduction to Chemistry &
Chemical Problem Solving

2 Chem31L Chem101DL Core Concepts in Chemistry

3 Chem151L Chem201DL Organic Chemistry

4 Chem152L Chem202L Organic Chemistry

5 Chem32L Chem210L Modern Application of Chemical
Principles

Introduction to Chemistry and Chemical Problem Solving

The new course, labeled as Chem20D throughout the remainder of this
chapter, constituted the department’s first effort to replace lecture with active,
small group learning sessions in an introductory course. The course was initially
formally set up to have one day per week of lecture followed by two days per
week of active learning. For the active learning sessions, students worked in small
groups on activities drawn from the Process Oriented Guided Inquiry Learning
(POGIL) (36), Student Centered Activities for Large Enrollment Undergraduate
Programs (SCALE UP) (37, 38), and problem manipulation (39) traditions while
the professor and teaching assistants circulated to engage in the discussions. In
this way, students were involved in interactive construction of their knowledge
while engaging in dialogue with both peers and the professor. When students
in a group have more than one idea about how to begin solving a particular
problem, the resulting collaborative discourse (argument) increases conceptual
understanding by allowing students to effectively resolve wrong claims (40) and
more closely mirrors the common practice of argument and debate of professional
scientists (41). The one day per week formerly consisting of lecture has now been
be web-enhanced: students can watch several 10-20 minute online lecture videos
per week. These videos have integrated interactive questions embedded every
few minutes to improve attention and comprehension (42). Class time formerly
devoted to live lectures has been replaced by an instructor-led in-class discussion
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and problem solving session. The course has pre-determined percentage cut-offs
for letter grades published in the syllabus with the goal of encouraging students
to collaborate in their learning rather than compete as they sometimes do in
situations where grades are assigned by curving.

In order to prevent students from enrolling in a more elementary course than
their background warrants, Chem20D does not contain a lab and does not count
toward a chemistrymajor, chemistryminor, or pre-medical requirements. It is truly
intended to be a beginning course in chemistry, but, similar to a college beginning
foreign language class, it is not a remedial class. Chem31L instructors, in contrast,
can now more realistically assume a certain baseline knowledge of fundamental
chemistry for students in that class. So, basic concepts such as stoichiometry and
compound naming are not covered in Chem31L. Instead, this class begins with
thermochemistry, assuring that students will not be bored or lulled into a false sense
of security and develop the poor study and class attendance habits that sometimes
accompany such boredom. Aside from Chem20D, the other courses remained in
lecture/lab/recitation format initially, although about one third of the sections of
Chem31L and Chem151L have now converted to more student-centered formats
drawing from Team-Based Learning and POGIL literature, respectively. At the
opposite edge of the spectrum from Chem20D, students with more extensive pre-
college chemistry coursework and an AP score of 4 or 5 would be unchallenged
in Chem20D or Chem31L, so they place into Chem110L (Honors Chemistry: a
single semester of accelerated general chemistry) or Chem151L.

At the same time that the curriculum and pedagogy changes occurred in
chemistry, both the pre-major academic advising group and the ARC implemented
new learning communities for students: the Cardea Fellows (43) and the Science
Advancement through Group Engagement (SAGE) programs, respectively (44).
These programs initially focus on inviting the students who enroll in Chem20D
to participate, and results of pilot studies of these programs have been previously
described (43, 44).

Limitations

Before beginning the discussion of results, a few limitations of this work
should be noted. This study was relatively small in scope and sample size and
was conducted in an American educational context. The undergraduate student
population at Duke University is fairly homogeneous in terms of age; >90% of
enrolled undergraduate students are traditional college age (under 24 years old).
In addition, because Duke University is a highly selective institution in terms
of undergraduate admissions, the students in this study may not constitute a
representative sample of the global population of all students planning to pursue
STEM or health professions. The students in the study were full-time students, so
no examination of enrollment intensity (whether students are studying part-time or
full-time) can be conducted. Most students in this study neither worked full-time
during the academic year nor served as the primary caregiver of children. Due to
the characteristics of the populations studied herein, caution must be exercised in
attempting to extrapolate the findings to populations in which a large number of
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students work full time and/or serve as the primary caregiver to children. Because
the revised curriculum offers Chem20D in the fall semester only, the experimental
group was slightly smaller than the control group, which includes students who
took their first semester of Chem21L in either the fall or spring terms prior to
the curriculum revision. Because students took the courses in different terms
and in many cases with different instructors, grade distributions are not identical
for each course, but each sample analyzed contains grades from two or more
semesters, and the gross differences in outcomes observed in this study cannot
likely be explained by small deviations in grade distributions from semester to
semester. Students who matriculated into the Pratt School of Engineering were
not included in this study, nor were students (N = 9) who did not have an SAT
math score (or ACT math score equivalent) reported in the records database. To
protect individual confidentiality and due to the small number of students in some
groups, some data could not be disaggregated further by race and ethnicity.

Results and Discussion

First, the SATmath scores of the two groups were compared: Group 1 had a 20
point higher average SATmath score than Group 2, and this result was statistically
significant (p < 0.001). This most likely arose because Group 2 did not contain the
students who chose to enroll in Chem31L as their first college chemistry course.
This latter group of students, who self-selected out of Group 2, tended to have
more experience in both pre-college math and science and slightly higher SAT
math scores than the students who enrolled in Chem20D.

Next, the effectiveness of the previous curriculum and exposition-style
coursework was explored for the students in Group 1 through an examination
of grade outcomes in their first general chemistry course (Chem21L). Similarly,
the effectiveness of the revised curriculum, which included a new introductory
course and more student-centered coursework, was explored for the students
in Group 2 by an examination of their grade outcomes in the new introductory
course (Chem20D) and the revised general chemistry course (Chem31L). Figure 1
contrasts the first term grades earned by the students in these groups in chemistry
classes before and after the curriculum revision. The distribution of first semester
chemistry grades for students in the lowest quartile of math SAT scores changed
dramatically, the observed differences were highly statistically significant (p
< 0.001), and this change in student success correlated with the institutional
changes.

For reference, both before and after the curriculum revision, a typical overall
general chemistry class grade distribution at our institution contains more than
25% A grades. As an illustration, the two combined sections of Chem21L in Fall,
2007 (N = 434), which was before the curriculum revision, had the following letter
grade distribution: 26.5% A, 35.5% B, 28.6 % C, and 9.4% DFW. While these
overall class grade distributions might look fairly generous to readers who teach
college general chemistry, Figure 1 shows that the situation was actually quite
bleak for the students in that course who were in the lowest quartile of SAT math
scores (Group 1): over 75% of those who enrolled in Chem21L in the years which
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were data mined received a grade of C, D, F, or W. Moreover, students in Group 1
earned an order of magnitude fewer A grades than their classmates.

Several learning resources were available for Group 1, as described
previously, and these generally required some level of independent student
help-seeking. Low grades earned by this group indicate that the learning resource
system operating at that time was not effective in promoting the achievement of
high tests scores for the majority the students in Group 1. We do not know if the
resources were inadequate, if students did not seek them out, or both. There is
evidence for both in the literature: Arroyo notes that “help seeking by itself is
not sufficient to achieve learning (45),” and help seeking avoidance patterns are
commonly observed in students in large introductory chemistry classes (46).

Figure 1. First year chemistry course grade outcomes for students in the lowest
25th percentile of SAT math scores for their matriculating class.

The curriculum changes, implementation of Chem20D, and development
of new learning communities correlated to an improvement in outcomes for the
students in Group 2 compared to those in Group 1 as shown clearly in Figure 1.
The Chem20D course focused on developing a firm foundation of knowledge in
chemical concepts and competence in chemical problem solving within an active
learning classroom environment. Active and student-centered instruction have
since been shown to be more efficacious than lecturing for STEM learning in both
a double blind study (47) and a large metaanalysis (48). In addition, the Chem20D
group-learning structure and development of new learning communities provided
a framework for the formation of a culture of scholarship and engagement in
team learning both inside and outside of the formal classroom setting (49).
Student academic engagement is known to be essential to deep learning in college
STEM coursework (50), so promotion of practices that lead to higher levels of
engagement was a focus of these institution-wide efforts.
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Since practitioners debate the value of remediation (51), it is important to
note that this course is not considered to be remedial any more than a beginning
course in Spanish or another foreign language might be considered to be remedial.
Most incoming high school students have one year or less of chemistry courses,
and these students are still beginners in the field. This contrasts sharply with
remedial college math classes because most undergraduates matriculate with at
least of decade of math courses.

Some researchers have hypothesized and found evidence that any benefits
of preparatory courses quickly “fade out,” with the initially observable effect
not lasting until the second or third semester after treatment (52). To test this
hypothesis, student outcomes in organic chemistry were assessed. For both
groups of students, the organic chemistry 1 class is the third chemistry class in
their normal curricular sequence. Students in Group 2 had more A grades and
fewer DFW grades than students in Group 1 (Figure 2), but the overall difference
in grades was not statistically significant (p = 0.059).

Figure 2. Organic chemistry course grade outcomes for students in the lowest
25th percentile of SAT math scores for their matriculating class before and after

the curriculum revision.

The effect of pedagogy changes in isolated cases of one or two gateway
courses has shownmixed results in the literature. Watkins andMazur implemented
peer instruction with ConcepTests in an introductory physics course and found
“compelling evidence that a single course can have a significant long-term
impact on the retention of students in STEM majors (53).” In contrast, Lewis
found changing only general chemistry courses to be inconsequential in terms
of retention in the chemistry major, leading to a call for “implementing and
evaluating curricular-wide reform (54).” It is difficult to say at this early point in
the analysis whether or not our results are more in line with the first report (53),
but it must be noted that the two institutions (Harvard in the study by Watkins
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and Mazur versus Duke in the study reported here) are similar. For example, both
institutions have highly selective undergraduate admissions and are comprised
predominantly of students who are traditional college age and do not face the
pressures of full time employment or raising children. It is possible that students
in the environment studied by Lewis (54). need more active style coursework
throughout the curriculum to stay successful, while students who face fewer
non-academic challenges might only need positive experiences in the first science
course they take. Further study is needed in this area.

Demographic Implications

Although numerous reports point to relatively low diversity in groups
of graduating college seniors who earn degrees in STEM fields (2, 8) and a
corresponding dearth of URM professionals in engineering and the physical
sciences (55), large numbers of URM students enter college with the intention of
studying in science, engineering, and health tracks. With this in mind, aggregated
self-reported demographics for the groups studied herein are described in Table
3. The numbers do not add up to 100% because a small number of students did
not indicate race, and the Native Americans were not broken out as a separate
group due to the small numbers of students.

Table 3. Description of Sample

Race/Ethnicity Group 1 Group 2

Asian/Asian American 6% 5%

Black/African American 38% 43%

Hispanic/Latino 17% 19%

White/Causasian 36% 29%

Gender

Male 26% 25%

Female 74% 75%

The gender balance was skewed towards females in both groups; Group 2
contained ~7% more URM students than Group 1. More importantly, both groups
contained a disproportionately high representation of women and URM students
when compared to the overall composition (56) of the undergraduate student body,
which is 50% female and 18% URM and has been this approximate composition
for more than a decade.

To understand why there is over-representation of women and URM students
in these groups, one needs to consider that national data reveal disparities in
SAT scores as a function of race, ethnicity, gender, and family socioeconomic
status (57, 58). For example, the composite SAT scores for students who said
their families earned over $200,000 per year was nearly 400 points higher

23

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 A
ug

us
t 2

7,
 2

01
5 

| d
oi

: 1
0.

10
21

/b
k-

20
15

-1
19

3.
ch

00
2

In The Promise of Chemical Education: Addressing our Students’ Needs; Rigsby, et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2015. 



than scores for students with family incomes of $20,000 per year, and male
students still consistently score higher on the SAT than female students. So, the
overrepresentations of URM and female students in the groups studied here who
have relatively low SAT scores simply mirror trends seen on a national scale.

Conclusions and Future Directions

The disparities between student interests and outcomes lead to important
questions: do the higher rates of attrition of URM students arise from
insurmountable deficits in learner backgrounds or psychosocial factors such
as stereotype threat? Or does the finding arise primarily from a lack of both
institutional readiness and appropriate programming for teaching a broadly
diverse student body? Results in this study indicate that the latter likely accounts
for much of the observed differences in STEM graduation rates at highly selective
institutions. Three strategies were employed to improve outcomes for students
near the lower edge in terms of prior science experience: curriculum revisions,
implementation of more evidence-based teaching practices, and creation of
communities of STEM scholarship both inside and outside of the classroom.
STEMmajor and minor graduation rates for URM students are just now beginning
to increase as a result of institutional changes outlined here. The Trinity College
Office of Assessment and the Department of Chemistry at Duke University
continue to work in partnership on a longitudinal study that uses a multivariable
regression model to study this phenomenon for a much larger sample over a
longer period of time.
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Chapter 3

The Flipped Classroom as an Approach for
Improving Student Learning and Enhancing
Instructor Experiences in Organic Chemistry

Thomas Poon*,1 and Jason Rivera*,2
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The flipped classroom is a form of hybrid instruction in
which active forms of engagement inside the classroom are
made possible by the delivery of course content outside of
the classroom, usually in the form of videos or other digital
media. While the benefits of active learning in the classroom
have been widely reported in the literature, less emphasis
has been placed on the development of video instruction and
the pedagogical advantages that this medium provides. This
chapter describes strategies for enhancing video instruction and
for coupling it with active classroom-based pedagogies in a
flipped classroom approach to the yearlong organic chemistry
course. These strategies extend student accessibility to course
content, improve student learning, and provide instructors with
opportunities to enhance their teaching and research portfolios.
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Introduction

In the traditional brick and mortar approach to teaching, classroom lectures
often represent the students’ first exposure to the course content, or at the very
least, an opportunity for the instructor to impart his or her wisdom and perspective
on the topic at hand. Here, time spent outside of the classroom usually emphasizes
student processing of the material through activities such as problem sets, writing
assignments, and assigned readings. In the flipped classroom approach (1–6), the
student’s first exposure to the course content is achieved through video lectures,
while class time is devoted to an active form of pedagogy such as working in
groups, class discussions, or the use of clickers. The flipped classroom has been
lauded (7, 8)for its ability to shift the processing of course material to an active
mode led by the instructor, thereby enhancing the in-class student experience and
student learning overall.

The benefits of active pedagogies have been amply reported in the literature
(9–12), and this is perhaps the reason the classroom component of the flipped
approach has garnered the most attention in educational circles (13–15). The video
instructional component, on the other hand, has not received asmuch attention, and
flipped classroom adopters are often advised to focus more on the in-class student
learning experience (16). This need not be the case, and in fact, would represent a
lost opportunity to enhance student learning.

Tangible Advantages of Video Instruction

Video instruction has been implemented in science education since the
technology first became available (17), and its uses have been varied. For
example, videos have been used to prepare and support students for specific
tasks such as using chemical instrumentation or setting up experiments (18, 19).
Videos can allow students to make up missed content from absences, such as
when they join a course after the term has begun (e.g., during the “shopping
period” that students at many institutions practice) or when there are prolonged
absences due to illness or other exigent circumstances. Videos have also been
used by instructors to assess their own teaching. Most recently, with the advent of
MOOCs (20–22) and other sources of online instruction such as Khan Academy
(23), videos have been used to teach new material and entire courses.

Videos represent a student-centered form of pedagogy because they allow
students to learn at their own pace, to access the content when it is most convenient
to them, and to review the content as often as needed. Videos can also be structured
to address the limited attention span inherent in most learners (24) by (1) splitting
video lectures into separate, shorter video files or (2) by designing videos with
timesaving strategies in mind. The latter could be achieved by creating the video
such that drawings and text appear instantaneously on the screen (Figure 1) or by
editing out superfluous portions of the video.
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Figure 1. Representative video screen shot showing elements that are predrawn
such that their appearance on screen is instantaneous, allowing for timesaving

and shortening of video duration.

Critics of asynchronous online instruction have often cited its passive nature
as a shortcoming of the medium (25, 26). In the experience of one of the authors
(Poon; herein referred to as “this author”), active learning can be injected into
video instruction simply by prompting students to pause the video, attempt the
on-screen problem on their own, and subsequently restart the video to see how
the problem is solved (Figure 2). This pause-continue strategy is similar to the
Predict-Observe-Explain strategy (27) used by Kearney et. al. and could be used
in various other ways to make learning active for students. For example, students
could be entreated to use the internet to gather data or information, to complete a
reading assignment before proceeding, or to work on a task with other students.
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Figure 2. Representative video screen shot showing a moment of active learning.
Students are instructed to pause the video, attempt the problem on their own (in
this example, comparing the rates of reaction in the E1 reactions shown), and

restart the video to see how the problem is solved.

Another criticism of online instruction is that students, unless they are
interacting in a synchronous video feed, are unable to have their questions
immediately addressed by the instructor (28). While this limitation of
asynchronous video instruction is valid, technology can certainly facilitate the
fielding of student inquiries. In this author’s course, students view the video
lectures in the foreground, while a browser containing a form for submitting
questions resides in the background (Figure 3). In this manner, each student is
able to pose questions to the instructor, and these queries could be answered by
the instructor or by teaching assistants. This approach typically garners more
queries than would be received in the classroom and promotes participation from
students who might not otherwise ask a question in class. It also has the benefit
of allowing the instructor to tailor his or her classroom activity in response to the
questions and issues raised by students. This ability to be dynamically responsive
to the general class understanding (or misunderstanding) of the subject matter
is a benefit that is more difficult to achieve in most lecture-based classroom
environments.
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Figure 3. Representative asynchronous interface for facilitating student questions
during review of online course videos. The video lecture screen shot is viewed in
the foreground, while a text input window is available in the background. (Used

with permission from the Sakai course management system.)

The Flipped Classroom in Organic Chemistry –
One Instructor’s Approach

Since September 2006, this author has utilized the flipped classroom approach
in his two-semester organic chemistry course. Currently, the course is such that
68% of class meetings in the first semester are flipped and 49% of the classes in
the second semester are flipped. Here, “flipped” is used to specify class meetings
in which student viewing of the online lectures is required beforehand in order to
take full educational advantage of the in-class activity. From day one of the course,
the following policies and practices are established:

• Students are assigned homework, which consist solely of viewing video
lectures called PreLectures. The assignment due dates are listed for
the entire semester both on the syllabus and on the course management
software (CMS) website.
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• PreLectures are made available on the CMS as the semester progresses,
rather than all at once, usually 2-4 days prior to the class in which they
are due. Student viewing of the PreLectures is factored into the class
participation grade, which is 2% of the overall grade in the course.
Tracking of PreLecture views is done via the CMS.

• Many PreLectures are designed to be interactive (Figure 2) and the CMS
interface allows for student questions to be sent to the instructor via email
(Figure 3). The instructor responds to all emailed questions within 24 h.

• Time spent in the classroom is mostly focused on the use of personal
response systems (a.k.a. clickers), but also includes discussions of
organic chemistry in the news, problem solving in small groups, going
over recent exams, and a presentation on summer research opportunities.

Comparison of the Flipped versus Non-Flipped Classroom

In the fall of 2009, this author taught consecutive sections of organic
chemistry, and was able to teach one section using the flipped approach and a
second section such that the students’ first exposure to course content was via
traditional lectures. Clickers were used in both classes, but the non-flipped section
did not have the benefit of group problem solving activities nor did it receive
the in-class presentation on summer research opportunities (the opportunities
were provided as a handout instead). The non-flipped section also saw much less
coverage of organic chemistry in the news. One other difference between the two
sections was the number of clicker questions covered. The flipped classroom was
presented with 109 clicker questions, while the non-flipped classroom attempted
78 clicker questions (28% fewer clicker questions).

There were, of course, similarities between the two sections. Both courses
utilized the same textbook, shared the same office hours and review sessions, had
the same schedule of topics on their syllabi, and evaluated students using identical
exams. The examinations were given within 10minutes of each other and in rooms
on campus separated by over 200 yards, which presumably prevented students in
the earlier section from influencing students in the later section. The videos were
also made available to the students in the non-flipped section through the website
http://www.ochem.com. However, at this public website, the videos are not linked
to the course syllabus in any way and students in the non-flipped class were neither
required nor asked to view the videos prior to the corresponding class session.

The flipped approach to organic chemistry described in the previous section
and the comparison study done in 2009 revealed much about the advantages of
the flipped classroom pedagogy. It should be noted, however, that at this author’s
institution, small class sizes are the norm and organic chemistry classes range from
24–40 students each semester. In the comparison study done in fall 2009, there
were 31 students enrolled in the flipped class and 33 students in the non-flipped
class. A series of t-tests were performed for all exams to determined whether
the flipped section performed significantly better than the non-flipped section,
especially with relation to the final exam.
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Table 1 shows data for the two classes taught by this instructor in 2009.
The first and second rows show the mean scores for the non-flipped class and
the flipped class, respectively. The third and fourth rows show data for the
flipped class only. Results indicated a non-significant difference trending in
the anticipated direction between the flipped section (M=77.1; SD=13.9) and
non-flipped section (M=72.6; SD=15.2) for final exam performance, t(51)= -1.14,
p=0.13. To understand why the final exam scores may be trending towards being
significantly higher for the flipped class, the percentage of flipped classes leading
up to each exam and the percentage of students viewing the PreLectures were
calculated. It would be interesting to see, in the case of any future studies like
this, whether having more flipped classes and increasing student pre-viewing
of the videos would significantly affect differences in student learning. It is
important to note that the flipped class did not perform worse than the students
in the traditionally taught class.

Table 1. Average Exam Performance and Flipped Classroom Data for Two
Fall 2009 Organic Chemistry Sections

Mini-exam* Exam
1

Exam 2 Exam
3

Final

Non-flipped section (%) 77 76 79 76 73

Flipped section (%) 79 78 82 77 77

Percentage of flipped classes
since the previous exam that

led up to each exam
86 100 100 56 82

Percentage of students in the
flipped course viewing videos
prior to attending class for

that exam period

70 70 47 47 58

* A 25 min. exam that covered the first chapter of the course.

Another point of comparison are the instructor teaching evaluations conducted
for the two 2009 courses. Students rated categories for the flipped class on par with
or better than that for the non-flipped class. For example, when surveyed about
the instructor’s “use of class time,” students rated the flipped class at 5.71 and
the non-flipped class at 5.48 (six-level Likert scale). For the question, “How does
this course compare to other courses offered you have taken at The Claremont
Colleges?” the ratings were 5.74 (flipped) and 5.15 (non-flipped). One additional
example is the rating of the “instructor’s effectiveness in teaching the subject
matter;” 5.87 (flipped) versus 5.73 (non-flipped).

Longitudinal performance data for this author’s spring semester final
examinations since 2005 are shown in Figure 4. A two-sample unequal variance
t-test was performed on the average ACS score over the two years when the
course was taught using the traditional approach and the average ACS score
over the five years when the course was taught using the flipped approach. The
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t-test demonstrates a statistically significant difference between flipped approach
scores (M=56.5; SD=9.3) and non-flipped scores (M=51.3; SD=10.6), t(193)=
-3.35, p<.001. The longitudinal data clearly supports the benefits of the flipped
approach for teaching organic chemistry.

Figure 4. Average student raw scores on the 2004 version of the ACS
Standardized Exam in organic chemistry. The average flipped approach score
is from exams taken in 2007, 2008, and 2011-2013 (N=150). The non-flipped
approach average is from exams taken in 2005 and 2006 (N=57). This author

did not teach in the spring semesters of 2009, 2010, and 2014.

Discussion
Meyer, Rose, and Gordon, the authors of Universal Design for Learning:

Theory and Practice (29), used research on cognitive neuroscience and learning to
suggest that effective curricula must be varied in its approach to delivering course
content, skills development, and evaluation in order to reach students and their
various learning styles. The authors identified three networks in the brain that are
vital for effective learning, isolated their functions, and proposed best practices for
effectively accessing these cerebral learning networks in all learners. These items
are summarized in Table 2.

In this author’s experience with the two-semester organic chemistry course,
the flipped classroom approach makes it possible to achieve more of these best
practices, which in turn enhance the learning functions of students according to
Meyer, et. al. The student-centered approach of asynchronous video instruction
and the use of clicker questions in the classroom present two very different ways
of representing the material to students in order to help them understand and
identify the concepts (recognition networks). Using clickers and facilitating
the submission of questions and the pause-continue strategy described for the
PreLecture videos provide different ways for students to respond and express their
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knowledge, which in turn help students to plan and execute their learning of the
material (strategic networks). The interjection of topical news items and devoting
class time to discussing summer research opportunities available to students helps
students to engage with their learning (affective networks).

Table 2. Rose and Meyer’s Universal Design for Learning (29)

Cerebral Network Function Best Practices for Engaging

Recognition Identifying and
understanding

Represent the material in multiple ways.

Strategic Planning and
executing

Provide multiple ways for students to
respond and to express knowledge.

Affective Engaging with
learning

Provide multiple avenues for interaction,
collaboration, and reflection.

Using clickers, conducting small group activities, and spending time on
enrichment topics or mentoring activities all use valuable class time that is made
possible because the introduction of basic concepts and course material is shifted
to the PreLecture videos. In this author’s experience, this had the added benefit
of always being on schedule with regard to the syllabus. Further, the online
presentation of the basic concepts allowed for more in-depth coverage of the
course material, such as being able to do 28%more clicker questions in the flipped
class than in the non-flipped class (see previous section). The clicker approach
allows one to be dynamically responsive to the students’ understanding (or lack
thereof) of the material. This creates a freshness and unknown aspect to each
class that prevents the course from becoming stale. Because the clicker questions
have already been developed and the PreLectures do the job of “teaching” the
basic concepts, most of an instructor’s class preparation time can be devoted to
creating a more student-centered course via the answering of student questions by
email and the adaptation of material to address student misconceptions.

Strategies for Implementing the Flipped Approach

This author’s implementation of the flipped approach was made possible
by a grant from the Camille & Henry Dreyfus Foundation to create the video
PreLectures as part of their Special Grant Program in the Chemical Sciences,
and from an internal institutional grant to purchase the clickers that were used to
infuse an active learning pedagogy into the classroom. At the time of the Dreyfus
grant in 2004, production of the video tutorials required a powerful computer and
several software-based applications. Today, not only are the tools for creating
videos more readily available and powerful, but the number of individuals,
including faculty, on a college campus who have the skills to develop instructional
videos has vastly increased. Because faculty can often readily produce or obtain
assistance with producing videos in order to flip their classes, this section will be
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devoted more to offering strategies, rather than to providing technical advice on
the video creation software.

Instructors who wish to flip their classes should first decide on the general
format of the videos they wish to produce. For example, videos can be quite
elaborate, containing picture-in-picture frames and special animations or graphics.
Such videos would take tremendous time and resources to develop. Videos
could be as simple as a recording of one’s lecture. There are also videos that fall
somewhere in between, such as “whiteboard” style videos with voiceover audio.
Instructors should consider the following when deciding on a format:

• How much material do you want each video to cover?
• What is the ideal length of time for your students to spend watching the

videos?
• How much time and resources can you devote to editing and producing

each video?
• Are the videos being developed for just your course, or will they be shared

among instructors? If shared, will it be possible to collaborate such that
each participant creates videos that can eventually be pooled?

• How will the videos be integrated with the pedagogy you plan to use in
class?

• Are there existing videos that you can use for your course?

As an example, this author’s 49 PreLectures averaged 19.3 minutes in
duration and rarely exceeded 30 minutes. Yet, by choosing the whiteboard style
of video and by using the time-saving strategy shown in figure 1, many of the
videos are able to cover at least as much as would be covered in a typical class
session. The PreLectures often include the typical examples and problems that
organic chemistry instructors use to illustrate particular concepts. This allows
the instructor to gauge student learning of the concepts with the first clicker
question, and then proceed to more challenging problems if the majority of the
class has demonstrated knowledge of the basics. Also, at the start of the project,
the availability of instructional videos for organic chemistry was scarce, forcing
this author to create his own. Today, there are ample instructional videos on the
subject that one may choose to use (e.g., on the internet from other instructors
or as part of textbook offerings from publishers). For instructors who may be
hesitant to use the work of others, it could be possible to incorporate one’s own
perspective into the students’ viewing experience by, for example, using a website
or handout to provide text or audio commentary and instruction created by the
instructor of the class.

Below are some points to consider when planning to flip one’s course:

• Creating the videos:

• Consider the positioning of the video recording device and
microphones (if applicable).
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• Will viewers be able to discern the images on the
whiteboard?

• Will the actions of students in the audience (e.g.
chatting with others, texting, browsing the internet)
become distractions that detract from the learning
experience?

• Will viewers be able to hear the instructor, as well as
the questions and comments posed from the audience?
The latter can be ameliorated by repeating all questions
that students ask during class.

• Be deliberate in one’s actions and the timing of one’s comments:

• If one plans to delete superfluous footage in order to
shorten the duration of the video, take care not to speak
during these moments or at least not to say anything
that would be crucial to keep in the video.

• Remember that there are two audiences, the students
in the class and the students who will eventually be
viewing the lecture as a video. One’s delivery should
cater to both.

• During production and editing:

• Think about ways to supplement the video content.
If one owns the video content, overdub mistakes or
add subtitles. As suggested above, use strategies for
incorporating the instructor’s own perspective into the
students’ viewing experience.

• Add interactivity or active learning into the videos.
• Edit out unnecessary footage or audio.

• In the classroom:

• Review the literature on active learning pedagogies to decide
what will work best for the instructor and students.

• Hold students accountable for viewing the videos prior to class
time:

• Make it a part of their grade.
• Do not lecture in the same manner or on exactly the

same topics that the videos cover. In other words, do
not repeat the videos in class.
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• Refer to specific parts of the videos when appropriate.
Remind students of topics, problems, or techniques
covered in the video.

• Reinforce the effectiveness of the pedagogy:

• Point out when more depth of coverage has been
achieved in class as a result of the flipped approach
(e.g., when more difficult, exam-like problems are
covered in class)

• Remind students of the benefits of the flipped approach
to their learning.

• Include value-added activities that students will
appreciate (e.g. sessions on obtaining summer research
fellowships), and indicate that the flipped approach
has made this possible.

• Take opportunities to compare the new approach to
prior approaches to teaching the class, especially when
a benefit has been derived (e.g., a higher exam average
than previous years).

• Start slow. Phase in the flipped approach by piloting certain chapters or
topics.

• Assess the effectiveness of the approach by seeking feedback from
students and from one’s peers.

• Be willing to adapt to feedback and one’s own evaluation of the approach.
• Consult or collaborate with those who have already flipped their courses.

Conclusion

This chapter has provided examples of the flipped classroom approach in
teaching organic chemistry and strategies for adopting a flipped approach in
general. Using the 2004 ACS organic chemistry exam to assess cumulative
student learning in the course, we found that student learning was significantly
improved using the flipped classroom approach described herein. The flipped
approach also enhanced the learning environment in the course, reinvigorated the
instructor’s teaching, and has ultimately, through the materials and curriculum
developed, created more opportunities for the instructor to improve upon his
teaching and other pursuits. The approach is still in its infancy and there is
certainly much innovation to be achieved.
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Chapter 4

E-Textbooks and the Digital Natives: A Study
of First-Year Chemistry Students’ Attitudes

toward E-Textbooks
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This study assesses digital natives’ behavioral intentions to use
e-textbooks in a freshman chemistry class. Our study combines
four constructs from the Unified Theory of Acceptance and Use
of Technology (UTAUT) and Technology Acceptance Model
(TAM). Our results show that performance expectancy and
effort expectancy are better predictors of students’ intentions to
use e-textbooks. An open-ended question reveals differences
in students’ viewpoint of the usefulness of e-textbook. This
study also provides strategies which could make the use of
e-textbooks more appealing to digital natives.
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Introduction
Digital Natives

“Digital natives” is a term first introduced by Prensky (1–4) in early 2000.
The term was used to describe and identify a generation of students born into
technology who actively use technology and the Internet. Another term, the
“Millennials”, coined by Strauss & Howe (5) in the same time period, describes
the same group of students.

The general assumption about the learning behavior of “digital natives” based
on Prensky’s articles (1–4) is that digital natives prefer visuals over text, function
better in groups, have a short attention span, have digital technology skills, and
need to be educated differently with the use of technology to help them learn better.
Furthermore, Prensky (1) suggested that “it is very likely that our students’ brains
have physically changed and are different from ours as a result of how they grew
up.” This bold claim has not been substantiated, and several discussions are still
ongoing.

Other schools of thought suggest otherwise. Kennedy and co-researchers
(6) propose that the ability of students to use technology for entertainment (e.g.,
video games, movies, etc.) does not necessarily transfer to its use for educational
purposes. Koutropoulos (7), in his article “Digital Natives: Ten Years After”,
suggests that several of the learning styles proposed for digital natives are not
substantiated. Also, Thompson investigated the notion that “digital natives” think
and learn differently due to their exposure to technology (8). His result shows a
less deterministic relationship between technology and learning.

In light of this, as instructors, we often wonder if the use of technology is
the major factor that enhances learning for “digital natives”. We have observed
variations and differences in students over the years, especially in their levels
of comfort around technology. Our view is that students have different attitudes
and motivation when it relates to technology. While some students enjoy using
technology, some do not, and others are indifferent. Several factors such as
pedagogy, type and deployment of technology in the classroom, quality of
instruction and other intangibles also come into play.

What Are E-Textbooks?

An e-textbook is a book that is accessible digitally using a device that has an
Internet connection (9). E-textbooksmay be accessed electronically on computers,
e-readers, PDAs, laptops, tablets and through mobile devices.

Previous studies have recognized that the convenience gained through the
portability and a myriad of other features associated with e-textbooks has made
this technology pervasive not only within society, but among educators (10–12).
As more studies emerge on the advantages of e-textbooks and how they may
benefit students, colleges have jumped at the possibilities of using them (13–16).
Publishers have joined the mainstream and have started designing e-textbook
packages that are marketed to students with the added promises of cost reduction
and improved accessibility (11). Most students, especially those in higher
education, are confident in their use of consumer technology (17). However, the
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transition to using those technologies in higher learning still poses a challenge.
The idea of using e-textbooks for anywhere and anytime access may seem like an
excellent solution, but the magnitude to which this new method of learning will
affect college students needs to be studied.

Several studies have compared the limitations and successes of e-textbook
adoption in higher education (18–20). The conclusions in these studies indicate
that users’ preferences and perceptions about the use of e-books (21) and
e-textbooks are mixed. While some studies report users’ positive attitudes about
their use, concerns remain about some “…real limitations based on the usability
of e-book platforms …” (12, 21). A study by Nicholas and Lewis (22) asserted
that the drawbacks in the use of e-textbooks by students might be attributed
to concerns such as eyestrain from electronic displays, limited battery life for
various devices, technology failures and other technical difficulties. Many of
the design drawbacks of earlier e-readers and other devices used in accessing
e-textbooks have been addressed by the emergence of technological advances in
designs and features.

The interactive and dynamic nature of e-textbooks onmost current devices can
allow for tasks such as highlighting, rotating chemical structures, 3-dimensional
view of structures, video links, and the ability to practice problems with built-
in intuitiveness which offers students meaningful hints. This may also increase
students’ engagement in learning. Several chemical demonstrations may also be
accessed through multimedia components associated with e-textbooks.

A recent study (23, 24) on the use of e-textbooks revealed that, despite these
advantages, many students are yet to fully embrace e-textbooks. The biggest
barrier to their use may be the culture of reading on paper rather than on the screen
(25–28). The Book Industry Study Group (BISG) in August 2013 reported that
despite the higher cost of traditional textbooks and everyday use of technology
by college students, only 6% of college students use e-textbooks in their classes
(29). Another factor that is contributing to the low use of e-textbooks by “digital
natives” is the growth in the rental market (30). The rental market is cutting into
the market share of traditional textbooks, and the cost of rental is comparable to the
cost of e-textbooks, which gives more choices to the student. Watson’s study (31)
cautioned that, though the use ofmultimodal learning techniques is becomingmore
widespread, discussion around the pedagogical implementation in the classroom
is still vital and should be ongoing.

Technology Use in Chemistry

The choice of textbook plays an important role in the design of a freshman
chemistry course. Illustrations, graphics, enhanced text, and font arrangement in
chemistry textbooks enhance reading and help with understanding of the content.
Souza (32) studied the important role images and graphics play in chemistry
textbooks. According to the study, images are important in chemistry because
they are used to illustrate specific chemical concepts in chemistry textbooks.
Some of the most common categories identified by Souza are structural models,
experimentation, graphs, and diagrams, just to mention a few.
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For example, a topic central to any introductory chemistry textbook is the
concept of chemical bonding. To understand chemical bonding, instructors
must focus on concepts such as charge, octet, and electron pairs in addition to
ionic, covalent, and metallic bonding (33). Although many of these concepts are
well illustrated by graphics in traditional textbooks, e-textbooks and companion
websites have interactive graphics and models that may help students understand
the bonding concept better. Nevertheless, incorporating technology into a
chemistry class should not be done for the “wow factor” (34); it should be used
to add an instructional opportunity and value. Lecture recordings (or podcasts),
Short Message Service (SMS) polling, e-textbooks, and laboratory demo videos
could also complement teaching.

The goal of any chemistry instructor is to make class time effective, encourage
student participation, keep students engaged and reinforce problem-solving skills.
Chemistry instructors must find a way to impact knowledge and concepts in
the classroom by utilizing various methods. In the book “Methods of Teaching
Chemistry” Forster (35) discusses several methods for teaching chemistry (See
Table 1) and highlights the advantages and disadvantages of these methods.
The list in Table 1 is not exhaustive; however, several of the aforementioned
techniques serve as a foundation for newer methods of teaching chemistry.

Table 1. Summary of Methods for Teaching Chemistry. Adapted from
reference (35). Copyright 2009 Global Media.

Method Types Definition

Lecture method The instructor talks and students are passive listeners

Lecture/
demonstration

Combines the instructional strategy of ‘information imparting’
and ‘showing how”

Heuristic method Discovery method of learning

Assignment
method

Students given assignments to help problem solving skills

Project method Activities related to the course content carried out in a natural
setting

Unit method Field activity where students are actively involved in learning
process

Historical method Learning the historical progression of a subject matter

Discussion method Chemistry concepts are discussed in groups

Inductive method Conclusion based on observation (e.g. color change in litmus
paper)
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Several chemistry professors are experimenting with the hybrid “flipped
classroom” model (36, 37). The “flipped” method of teaching involves moving
the "delivery" of course material from the traditional or formal class time to
outside the formal class time through the use of videos, digital textbooks and
other visuals, thereby allowing class time to be used for more interactive team
activities related to topics being discussed/taught in class. Another creative
method of teaching chemistry that may be combined with technology is the use
of poetry writing, poster illustration, and group presentation (38). These methods
might help instructors present chemistry to students as a fun and creative science.
In order to augment learning, chemistry textbook publishers (39–41) have started
implementing changes by packaging e-textbooks with “adaptive learning (data
driven individualized learning) tools and technology”.

Despite the availability and the multimedia features available in e-textbooks
for the most popular general chemistry textbooks, the adoption rate of e-textbooks
remains very low (29). Although the literature is replete with advantages and
disadvantages of e-textbooks, it may be difficult to predict what the future holds for
e-textbook usage in higher education. Moreover, mobile technology is a changing
industry, where technologies are deployed on a continual basis; therefore, more
research must be done to address conflicting views on the adoption and usage of
e-textbooks by students in higher education. This study contributes to the ongoing
conversation.

Research Model and Hypotheses

As a professor at a regional university in the southeastern part of the United
States, I teach freshman chemistry among other courses. The students in the class
(approximately 100–190 students each semester) are given the option to choose
between an e-textbook and a traditional textbook. This information is clearly stated
in the syllabus. Also included in the syllabus are the costs of the e-textbook and
the traditional textbook. Because the e-textbook is almost half the price of the
traditional textbook, the expectation is that most of the students, being “digital
natives”, will opt for the e-textbook. However, several surveys conducted prior
to this study consistently show that many of the students (70–80%) are not using
e-textbooks as expected (42).

To understand the underlying factors leading to the disparity in the choice
of traditional textbooks over e-textbooks, an initial pilot study that examined
students’ perceptions about e-textbook usage in an introductory chemistry course
was conducted. A review of the pilot study indicated that over 70% of the
class used the traditional textbooks (42). The study concluded that students are
reluctant to make the transition to e-textbooks for various reasons. Some of the
reasons stated include probable technology failure, cost of paying a provider for
internet access, and the inability of the students to purchase the e-textbooks using
financial aid money. The issue of accessibility was crucial to students, especially
after the book subscription comes to an end. This issue was important to students
whose intentions were to use the e-textbook to study for entry tests into medical,
veterinary, pharmacy or graduate schools. Nonetheless, students who purchased
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e-textbooks cited advantages such as portability and multimedia components as
some of the reasons they elected to use it for the course.

This study answered some important questions, but left some unanswered. In
particular, we wanted to know why students chose the e-textbook, because such
information may translate to a better way of integrating e-textbooks into chemistry
curriculum. Thus, our current study seeks to gain a better understanding of the
reasons why some students chose the e-textbook.

This study utilizes constructs from the Unified Theory of Acceptance and
Use of Technology (UTAUT) model developed by Venkatesh et al. (43). UTAUT
identifies four constructs as direct determinants of user acceptance and usage
behavior (Performance Expectancy, Effort Expectancy, Social Influence and
Facilitating Conditions). The model, originally tested within the organizational
setting, was established to be a useful tool for determining users’ acceptance
of new technologies. Other studies that used this theory to determine students’
perceptions of technology found the theory to be an adequate predictor of users’
behaviors and intentions to use technology (44–47).

Two constructs and one moderator from the Unified Theory of Acceptance
and Use of Technology (UTAUT) model and two constructs from Technology
Acceptance Model (TAM) (48–53) were used in our study to assess students’
behavioral intentions to use e-textbooks. Altogether, these four constructs
were tested against one moderator, Technology Experience, to determine users’
intentions to use e-textbooks. (See Figure 1).

Figure 1. Research Model. (Adapted from references (43) and (49). Copyright
2003 and 1989 MIS Quarterly).

The two UTAUT constructs are Performance Expectancy (PE) and Effort
Expectancy (EE). Performance Expectancy as defined by Venkatesh et al. (43)
is the level at which an individual believes that the use of technology would help
advance the person’s job performance. According to Venkatesh, PE is a strong
determinant of users’ intention to use technology both in voluntary and mandatory
work settings.
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Effort Expectancy determines the extent of ease associated with the use of
technology (43). This construct was measured three times in both voluntary
and mandatory settings, and these studies found that the construct became less
significant as usage increased (43).

The TAM constructs we used are Perceived Usefulness (PU) and Perceived
Playfulness (PP). Perceived Usefulness is defined as “the degree of which a
person believes that using a particular system would enhance his or her job
performance” (52). In a study of users’ intrinsic attitudes towards the World
Wide Web acceptance, Moon and Kim (54) define Perceived Playfulness as “The
extent to which the individual perceives that his or her attention is focused on the
interaction with the world wide web”. The validity of the “perceived usefulness”
construct has been tested in previous studies in explaining users’ attitudes and use
behaviors towards technology (52). Our study assumes that, as “Digital Natives”
who are technology savvy, the playful aspect of technology and the usefulness
of the technology they are accustomed to (cell/mobile phones, tablets, iPods)
would influence students’ decisions in choosing e-textbooks. Furthermore, it is
important to see if “digital natives” comfort and ease of use of entertainment
technology translates to their choice of the e-textbook.

Survey questions were modeled after UTAUT and TAM technology
acceptance models. Questions on the survey addressed the four key determinants
and the moderating item. The survey used a 7-point Likert scale, with the
highest number representing users who “strongly agree” with the question and
the lowest number representing those who “strongly disagree.” An open-ended
question was added to the survey in this study to provide students with the
opportunity to give more detailed information on the reasons why they opted
for the e-textbook. The direct determinants (Performance Expectancy, Effort
Expectancy, Perceived Playfulness and Perceive Usefulness) are investigated to
determine how users’ Behavioral Intentions will be influenced when moderated
by technology experience.

The following hypotheses guided this study:

H1: Performance Expectancy (PE) will impact users’ behavioral intentions to
use e-textbooks

H2: Effort Expectancy (EE) influences behavioral intentions when moderated
by Technology Experience

H3: Perceived Playfulness (PP) influences behavioral intentions when
moderated by Technology Experience

H4: Perceived Usefulness (PU) will influences behavioral intentions when
moderated by Technology Experience

H5: Behavioral Intentions (BI) will have an impact on e-textbook usage for
students
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Methodology

Two of the objectives of this study are to examine students’ experiences
with e-textbook usage in the classroom and to determine its efficiencies from
the students’ perspective. This study adopts a non-random purposeful sampling
technique. This technique gathers data strategically, depending on the study
purpose and resources (55). Out of 150 undergraduate students who enrolled in
the chemistry class, only forty-six students who purchased and used e-textbooks
participated in this study. Overall, twenty-six male and twenty female students
completed the survey.

Results and Discussion

Data Reliability

Cronbach’s alpha was calculated for each construct to determine the internal
consistency of the Likert-response items that were used on the survey for
e-textbook users. According to George et al. and Matkar (56, 57), a value of
0.70 or higher is considered acceptable, and it indicates data reliability and
consistency. (See Table 2). The PE and EE values suggested a relatively high
internal consistency and PU a moderate consistency.

Table 2. Cronbach’s Reliability for Constructs

Construct Number of items Cronbach’s Alpha

PE 4 0.867

EE 4 0.874

PP 4 0.448

PU 4 0.774

After establishing that there was no correlation between the independent
variables, (and data was normally distributed), a stepwise multiple regression
analysis was conducted to determine whether PE, EE, PP and PU could influence
BI. Stepwise linear regression analysis was used in analyzing the data. The
regression analysis showed a weak correlation for PU and PP (p > 0.05). PE and
EE were found to be significantly related to BI at F (2, 41) = 31.47, p < 0.001,
R2 = 0.79, adjusted R2 = 0.59 (See Table 3). The multiple correlation coefficient
(R) was 0.78, indicating approximately 60.6% of the variance of BI could be
accounted for in this model.
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From these results, PE and EE are better predictors of intentions to use
e-textbooks. Consistent with prior research (43), PE is the strongest predictor
of students’ intentions to use e-textbooks. Although PE (β = 0.57, p < 0.001)
and EE (β = 0.29, p = 0.024) are strong predictors, the relative strength of PE
is stronger (than EE) in predicting behavioral intentions to use e-textbooks.
This supports our hypothesis H1 (Performance Expectancy will impact users’
behavioral intentions to use e-textbooks) and H2 (Effort Expectancy influences
behavioral intentions when moderated by Technology Experience). The beta
value is a measurement of how strongly each predictor influences the dependent
variable (Behavioral Intention). The high positive beta value indicates a strong
influence (of PE and EE) on the dependent variable (BI). Model 2 (Table 3) of
the stepwise regression analysis shows the beta coefficient for PE to be 0.57,
therefore each unit increase of PE will trigger an increase in BI by 0.57 units. Our
study cannot explain the influence of PP and PU on students’ intentions and use
behavior of e-textbooks (H3)(H4). Although, Moon and Kim (54) found PP and
PU to be significant in user attitudes, the influence of these determinants depend
on whether the technology is used for fun or for studying (58).

Table 3. Regression Analysis of Data-Model Summary

Model R R Squared Adjusted R Squared Std. Error of the
Estimate

1 0.743a 0.552 0.542 0.936

2 0.778b 0.606 0.586 0.890
a Predictors: (Constant), PE. b Predictors: (Constant), PE, EE. c Dependent Variable:
BI.

Open-Ended Questions Response

The students’ responses to the open-ended question are mixed. Some were
very positive and excited about using the e-textbook while others were not.
Selected comments are listed in Table 4. Several students indicated that the cost of
e-textbook was the major reason for using it, “E-textbooks are cheaper, and that
is a big deal.” Other students emphasized the portability and the availability of
multimedia functionalities, for example, the search and highlighting capabilities.
According to one of the students, “It’s just a cheaper way to get a textbook,
not necessarily better or worse, just cheaper”. This comment is not in support
of or against e-textbooks. Other deterrents mentioned in students’ narratives
include anxieties about technology failure and distractions from the multimedia
features associated with e-textbooks. One student responded, “I feel as if they are
distracting and do not enhance learning”.

Out of the 150 students registered for the class, only 46 (30.6%) used e-
textbooks. It was also surprising that 22% of the 46 students we studied still
expressed concerns about e-textbooks.
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Table 4. Selected Comments from Open-Ended Questions

Selected Comments

• “I believe that e-textbooks are good because they are less expensive than regular
textbooks”

• “E-textbooks are cheaper, and that is a big deal and it offers a search feature that
can save time also I can read in the dark because the screen is lit and doesn’t keep
my roommate up”

• “Very convenient for busy students”

• “E-textbooks really helped me to understand my all of the class lectures”

• “They are easy to use”

• “They are accessed on the web portable…. if you live far away you cannot forget it
you don’t have to make the trip back to get your book”

• “It’s just a cheaper way to get a textbook, not necessarily better or worse, just cheaper"

• “I feel as if they are distracting and do not enhance learning”

However, our expectation is that if we are able to understand the reasoning
and the rationale guiding the choice of e-textbook then it is conceivable that we
might begin to find better ways of making e-textbooks more appealing to students.

Perceived Playfulness and Usefulness

Our results showed that Perceive Playfulness (PP) and Perceived Usefulness
(PU) are not significant predictors of students’ intentions to use e-textbooks. This
indicates that even though “digital natives” are comfortable with technology,
this feeling is not replicated once it is a book used in learning. From the
demography of students who participated in the study, 37% claimed to have
excellent technological experience, 50% have good technological experience,
and 13% of the students studied had a satisfactory technological experience. The
students surveyed all claimed to have some sort of prior technological experience.
This data are consonant with our conclusion that “digital natives” are comfortable
with technology; however this interest is not significantly reflected in their choice
of texts for learning.

Limitations

This study focused on students taking entry-level chemistry classes, and was
limited to a small group of students (those who used e-textbooks). These students
were from different departments in different stages of their college career. A
more precise determination would have required that this study categorize students
based on unique criteria such as the number of years in college, majors, gender
or the device students chose for accessing their course readings. Future research
should survey students based on these criteria to obtain an accurate representation.
A sample size of 46 represents a limitation in this research.
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Another limiting factor that was not investigated in this studywas personal and
institutional financial constraints. These findings may not be replicable in schools
that make provisions of hardware and software for students to access e-textbooks.
Furthermore, opinions are subjective and might have been influenced by other
factors that were not addressed on the UTAUT and TAM survey questions and in
the focus group.

Recommendations and Conclusions

The objective of our study was to identify the reasons why students purchased
and used e-textbook for this class. A basic understanding of the challenges and
advantages offered by e-textbooks provides useful insight for future integration
of e-textbooks in the chemistry class or curriculum. Although our findings show
that some students are willing to use e-textbooks, we anticipate that if the quality
and potential of e-textbooks are clearly stated, more students may be willing
to use the technology. Ultimately, if any educator decides to use e-textbooks,
the goal of educators and stakeholders should be to help students have a smooth
transition from a traditional textbook to e-textbooks. The educator should adhere
to best practices, setting realistic expectations of e-textbooks and highlighting
advantages such as reduced cost, environmental friendliness, and the ability to
integrate keyword searches and multimedia features.

Several reports show that various universities and colleges are trying different
approaches and are experimenting with e-textbook programs. The Virginia
State University (VSU) did an exploratory study of the first year of a pilot
program. In this program, 991 students in nine core courses at VSU Reginald F.
Lewis College of Business (RFLCB) replaced traditional textbooks with openly
licensed e-textbooks through Flat World Knowledge (59). A similar program
was conducted at the University of Phoenix. This college combined designated
textbooks for all courses into an electronic library and charged students $75 a
semester to access textbooks (60). Another approach used by the University of
Idaho professors provides e-textbooks with content tailored to specific courses
and charges students course fees (61).

The increased interest from various universities in e-textbooks is prompting
publishers to improve their products to enhance students’ learning experience.
McGraw Hill Education, in a report (39) entitled “Brave NewWorld of Education:
Personalized Adaptive Learning Tools Promise One-on-One Tutoring for All
Students,” explains that through their adaptive learning programs such as
LearnSmart (an interactive study tool) and ALEKS (a web-based assessment and
learning system) students can improve their learning experience. Pearson (40)
and Cengage (41) have teamed up with Knewton, an adaptive learning platform
which personalizes course material. Several chemistry departments have adopted
many of these programs. The publishers have provided several studies to exhibit
success of their products. However, a report by the Educational Growth Advisors
(62) suggests that adaptive technology “may well conflict with the prevailing
teaching paradigm at a given institution.” Modest student outcomes, due to poorly
prepared and executed implementations, could deter skeptical faculty from further
exploring such technology.
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Ultimately any instructor that chooses to use e-textbooks for a course must
carefully consider how to fully incorporate this technology into the course content,
thereby making the use of the e-textbook engaging for the students. This may
involve writing additional notes, highlighting important facts or creating links to
videos or games. The games could be a simple crossword puzzle about definitions,
compounds, elements or nomenclature in chemistry.

Science educators need to be more involved and focus on ways to bring
educational media under certain guidelines or benchmarks in the area of design,
especially in the move towards free open-text books. Lastly, it is also central that
Chemistry faculty are continually trained in various educational software and
teaching methods. Instructors should also stay current on high-impact educational
practices (63).
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Chapter 5

Clustered Discussion Board as an Online Tool
To Enhance Student Learning and Participation

Jomy Samuel*

DeVry University, College of Health Science and College of Liberal Arts and
Science, Atlanta, Georgia, 30342, United States

*E-mail: jsamuel@devry.edu

Discussion board is a common online tool used in blended
and online courses. Peer-to-peer written interactions through
online platforms like discussion board are known to enhance
learner understanding and contribute positively to the learning
environment. Although research has shown that discussion
boards can greatly enhance chemistry education, it is not widely
used in chemistry curricula. The traditional online discussion
board starts with one initial post based on the discussion topic,
and the subsequent posts contribute additional content that
extends the discussion horizontally. Science courses are fact
based and hence not amenable to long horizontal discussions.
Furthermore, information gets lost in the hundreds of posts
and threads. Here I have presented a new framework for
online discussion board based on “clustered discussions” as
an alternative to the traditional “horizontal discussions”. The
clustered discussion board framework segregates the discussion
posts based on pre-defined criteria making it more effective in
encouraging student participation and student learning while
being less taxing on the instructor.
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Introduction
Over the past decade, hybrid or blended courses have been on the rise both

in K-12 and higher education (1–3). Studies have shown that students like the
convenience and format of a blended program (4–6). However, engaging the
students in active learning online can be a challenge.

Asynchronous discussion board is a widely accepted tool used for
interractions in the online classroom (7, 8). One of the advantages of an online
discussion board is that it allows peer-to-peer written interaction that is known
to contribute positively to the learning environment, motivate students, and
keep them engaged in the course (7, 9–12). Talking and writing about science
topics helps students develop a deeper understanding of concepts and helps them
hypothesize, clarify and distribute knowledge among peers (9, 13, 14).

Although research has shown that discussion board can greatly enhance
chemistry education, it is not widely used by faculty in chemistry curricula (15).
The possible reason for this is that chemistry is one of the basic sciences and not
exactly tailored for online or offline lengthy discussions in the traditional sense.
This is true for other science courses too. This chapter explores the benefits and
limitations of a traditional horizontal online discussion board and presents a new
framework based on “clustered discussions” that is more effective in encouraging
student participation and student learning while being less taxing on the instructor.

Traditional “Horizontal” Online Discussion Board
Online asynchronous discussion board is widely used as part of the course

curriculum in a wide range of disciplines. The broad acceptance of this online
tool can be attributed to its familiarity and ease of use. When designing an online
discussion board, the most common approach is to take a topic that instructors
would normally present to students in a face-to-face setting and transfer the
exercise online. The goal is to take advantage of peer-to-peer interaction and
learning without having to devote precious class time that could be used for more
instructor-student interaction.

A successful traditional online discussion starts with an initiating post
based on the discussion topic. The discussion then moves horizontally with the
participants expressing their analyses, opinions and feedback on the original topic
and contributing additional content (Figure 1).

Advantages of Traditional Online Discussion Board

Besides saving class room time, an online discussion board has the following
advantages:

• It supplements instructor-prepared course material with student-
generated alternative perspective.

• It allows the student time to research the topic, analyze it and then respond
at a time that is conveneint to themwithout experiencing the pressure they
feel in a classroom setting.
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• It personalizes the learning experince. Each student is able to reflect upon
the concept and understand it in his/her own way at their own pace.

• All students in a class participate in the discussion, which is not possible
in a classroom face-to-face discussion.

• It is possible to have multiple communications (threads) conducted
simultaneously.

Figure 1. Schematic representation of a “Traditional Discussion Board”.

Limitations of the Traditional Online Discussion Board

In subjective liberal arts and business courses, there are multiple viewpoints
on every topic that the students may discuss. These topics easily lend themselves
to long horizontal threads in an online discussion board. Science courses are based
on facts, not viewpoints, and hence do not lend themselves to long horizontal
discussion threads. For example, consider an online asynchronous discussion on
chemical formulas and naming of molecules. For a traditional online discussion
board, the discussion topic will be framed as a general question (Table 1). When
you have a class of 24–34 students, it is hard find something new to say about
“how to name a molecule” in 24 different ways! So the students will try to just
be creative with words instead of actually learning how to name a molecule. This
lack of concrete learning outcomes discourages students and the instructor.

Table 1. Traditional Discussion Topic: Naming a Molecule

Topic Description:

‘Let’s begin this discussion by talking about the naming of different compounds. Why
would it be important to make sure that you know which compound is associated with
which name? How would you go about naming a molecule?’.
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Beyond the limitations specific to science courses, one of the main challenges
of a traditional discussion board is the sheer number of threads and posts within
each discussion and their lack of organization. It often requires students to click
through hundreds of posts within multiple unorganized, disjointed threads to
follow the discussion and to find relevant information (16, 17). In the topic
given in Table 1, to keep the discussion moving, students could use examples of
specific molecules to explain their answers, and the instructor could ask follow up
questions. However, these examples, explanations and questions get lost in the
threads and posts. This discourages student engagement.

The Re-Designed “Clustered” Online Discussion Board

Clarity of discussion topic as well as the purpose and outcome of the learning
activity is of paramount importance to student participation and engagement in
an online discussion board (18). Clustering of posts in different threads of a
traditional “horizontal” online discussion board has been used in algorithms for
various studies (16, 17). However, these clustering operations are used as an
analytical tool to extract useful information from the repository of data contained
within the posts. Since the clustering of posts is done after the end of discussion,
it does not help the students in their engagement or learning goals.

In the proposed new framework for the online discussion board, the discussion
posts are automatically clustered based on a pre-defined criteria (Figure 2). In
this new clustered online discussion board framework, every student is required
to kick off a new discussion with a sub-topic (vertical movement). The horizontal
movement of the discussion threads start from these sub-topics and progresses with
students adding new content and interracting with the goal of helping each other
achieve their learning goals. All these conversations, although independent, have
the main discussion topic as their common element. Thus, in a class of 30 students,
there will be 30 sub-topics and as many simultaneous discussions ongoing at any
given time. This framework inherently overcomes the challenge of data mining in
the traditional discussion board. Students can easily find and follow discussions,
which keeps them engaged.

The components of the clustered online discussion board are the same as
that of a traditional discussion board—the discussion topic/question, instructions
for the students, facilitation and feedback by the instructor and the grading
rubrics. Out of these four components, the discussion topic and the accompanying
instructions dictate the framework of a discussion board and the tone and success
of any discussion.

An example of a discussion topic framed for a traditional discussion board was
given in Table 1. As explained in that section, the subject of chemical formula and
naming of molecules does not lend itself to a productive traditional “horizontal”
discussion. In the following sections, I will illustrate how the same discussion
topic and instructions could be re-framed for a clustered online discussion board.
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Figure 2. Schematic representation of a “Clustered discussion board”.

Instructions

The success of any online discussion board and the quality of posts by
each student depends on the clarity of the discussion topic and the instructions
accompanying it. Proper instructions are crucial in supporting both low-level
cognitive behaviors such as knowledge sharing as well as higher-level exploration
with the integration of ideas. If aligned with grading rubrics, these instructions
can also serve as extrinsic motivation for participation (19). Further, the role
of the instructor and students must be clearly articulated from the start and
throughout the learning activity.

For best results in a clustered discussion board, instructions should be
provided at two levels:

1. General instructions (Table 2) given at the start of the term lays the
foundation for a successful online discussion throughout the term. This
should specify grading criteria and the frequency and type of posts
expected.

2. Topic specific or “What to post” instructions for each discussion topic
should specify the subject line for their initial sub-topic post, expected
content in these posts and some general guidelines on response posts.
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Table 2. General Instructions for a Clustered Discussion Board

Each week we will be doing an online discussion based on the topic covered in
class. The discussion topic is designed with the goal of helping you understand the
concepts, research and apply the concepts and practice problems. Before posting on the
discussion board, please read the topic and instructions very carefully.

• For each discussion topic, you should have a minimum of 3 total posts-
○ 1 initial “sub-topic” post in direct response to the discussion topic/question.

This post will have a new subject line.
○ A minimum of 2 responses to other students' posts

• Posts will be graded on Frequency (dates that you post) and Quality of each post.
• Each week you are required to do a minimum of one (1) post on three (3) different

days.
• Each week the discussion starts on Sunday midnight and ends at 11:59 pm (EST) on

Saturday
• Your first post needs to be in by Wednesday to receive full points.

Grading criteria:

• Frequency of posts (minimum one post on three different days) - 45%
• Quality of posts:
○ Initial sub-topic post - 25%
○ Response posts (minimum 2) – 20%

• First post by Wednesday – 10%

Initial “sub-topic” post:

The sub-topic post directly addresses the discussion topic. To do the sub-topic
post, make sure you read the discussion topic carefully. At the start of each week, you
will see a post from the instructor titled “What to post” that gives you more specific
instructions on what to write in the subject line and content of your sub-topic post. The
discussion topic is designed in such a way that each student will have a unique subject
line. Make sure you follow the instructions for the subject line and the content. Posts
that do not follow the instructions given for the discussion topic and under “What to
post” will not receive full “Quality” points.

Response post:

Each student is required to do at least 2 response posts each week. You are encouraged
to do more. When you respond to a post by another student, please address the person
you are responding to. Be courteous, polite and frame your sentence correctly. A
graded response post should add some new information to the sub-topic post. A
response post that simply conveys “Thank you” or “Great job” or “I agree” will not
be counted towards graded responses. Having said that, if someone helps you make a
correction to your initial post or helps you understand a concept, you are encouraged
to thank them. Your etiquette on the discussion board will be considered towards the
overall “Quality” of your posts.

Providing the grading criteria at the start of the term helps students improve
their posts. For the first week of online discussion, it also helps to go over these
instructions in class. In my experience, it does take the students one or two
weeks of discussion postings to fully understand the new discussion framework.
However, after about two weeks they start seeing the benefits of it and are
motivated to participate in the discussions. In the next section, when I explain the
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framing of a discussion topic in a clustered discussion board, I will provide more
details and examples of the topic specific “What to post” instructions.

Discussion Topic

The main difference between a traditional “horizontal” discussion board
and a clustered discussion board is the way the discussion topic is framed. In
a traditional discussion board, one initial post based on the topic kicks off the
discussion that moves horizontally through the threads. However, in a clustered
discussion, the discussion topic provides a framework around which multiple
simultaneous discussions happen. In other words, in a clustered discussion board,
the discussion topic should have a “multiplier effect”. Table 3 gives an example
of a discussion topic on the subject of chemical formula and naming of molecules
framed for a clustered discussion board.

Table 3. Clustered Discussion Topic – Naming of Compounds

Topic Description:

Pick any compound that contains a polyatomic ion and give the steps you would follow
to arrive at its chemical name.

Each student is required to make sure that the compound they post has not already been
done by another student. If you post a compound that has already been done by another
student, your sub-topic post will not receive any grades. So please read the posts by
your classmates before writing your post.

In the above example (Table 3), the discussion topic provides the guidelines
for each student to pick a compound and start their own discussion sub-topics.
This propagates the vertical movement of the discussion. This multiplier effect is
missing in the discussion topic for a traditional discussion board given in Table 1.

In order to pick a compound for the post, the student needs to first know
what a polyatomic ion is. Then they have to read their textbook or search on
the internet to find the chemical formula of a compound containing a polyatomic
ion. Furthermore, the topic description clearly states that each student has to pick
a compound that has not already been posted by another student. This motivates
the student to get started on the discussion board early so that they have a wider
range of possible compounds. It also requires them to look through the sub-topics
posted by other students.

The topic specific “what to post” instructions (Table 4) give students clear
instructions on what they are expected to post on the subject line and content of
thier initial sub-topic post. These instructions are usually provided as the first post
by the instructor to kick off the discussion. However, it can also be included right
below the topic description. Having a separate subject line for each compound
(sub-topic) automatically categorizes the posts and the subsequent threads into
well defined clusters of discussions within the discussion board. Students and
the instructor can easily scroll through all the sub-discussions going on within
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the class, filter content and pick the discussion that they would like to read and
participate in. This also allows the instructor to do follow-up questions as a sub-
topic post that is easily visible to all students.

Table 4. Example of Topic Specific “What To Post” Instructions

“What to post” Instructions:

Your initial sub-topic post should be done as a direct response to the discussion topic. It
should have a new subject line.
• Subject line: Please put the chemical formula of the compound in the subject line.
• Content: Please provide the following information in your sub-topic post:

○ Cation name and symbol with charge
○ Anion name and symbol with charge
○ Type(s) of bonds (explain)
○ Give the chemical name of the compound

Examples of possible graded responses:

• If a student has made a mistake in their sub-topic post or one of their responses,
you are encouraged to politely point it out, explain the concept and give them hints for
correcting their mistake. Please do not give the answer. You should be helping your
classmates learn how to name a compound, not just do it for them.
• Calculate the molar mass for the compound being discussed.
• Calculate the number of grams in 0.38 moles of the compound being discussed

Furthermore, providing clear instructions on what is expected within the
content of the initial sub-topic post helps the student formulate quality discussion
posts and achieve specific learning goals. In the example presented here, for each
compound (sub-topic), the student will need to be able to pick apart the cation
and anion of the compoud, figure out the type(s) of bond in the compound and
then name the compound. This exercise forces them to gain deeper understanding
about ions, compounds, types of bonds, chemical formulas and naming of
compounds.

According to the general instructions (Table 2) for the discussion board,
each student is required to write a minimum of two response posts. So using
the instructions and grading rubrics, the instructor is able to create not just
opportunities for students to interact, but the requirement that they do so. The
“possible graded responses” instruction (Table 4) guides the student in their
responses. In the example given here, in order to do the response post, the student
will have to not only read through the posts, but will also need to work through
the steps for naming of the compounds posted by their classmates. This exercise
forces them to practice, research, analyze and gain a deeper understanding of the
concept. When responding to the incorrect posts and explaining how they arrived
at their conclusions, the student is forced to formulate an explanation in their own
words. This further reinforces their reasoning ability and teaches them how to
communicate and collaborate effectively. Using the “possible graded responses”
guidelines the instructor is also able to connect the concept of chemical formula
and naming to the concept of molar mass and stoichiometry. By giving the
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questions on molar mass and mole as an optional response post, the instructor is
allowing the students to guide the pace of the discussion and learning.

Tables 5 and 6 gives examples of threads initiated from two separate sub-
topics based on the discussion topic and instructions provided in Table 3 and 4.

Table 5. Example Sub-Topic: CaCO3

(Student 1) Initial Sub-topic Post

Sub-topic: CaCO3
CaCO3
Cation = Calcium ion (Ca) 2+
Anion = Carbonate ion (CO3)2-
Type of bond:
i. There is an ionic bond between (Ca) 2+ and (CO3)2-
ii. The difference in Electronegativity between C and O is 3.5 – 2.5 = 1. So the type of
bond between C and O is a polar covalent bond.
Name of the compound = Calcium Carbonate

(Student 2) Response

Hi (Student 1),
Can you explain why the reason why your equation was CaCO3 instead of Ca2(CO3)2?
The charges appear to cancel each other, is this the reason?
Thanks
(Student 2)

(Student 1) Response

(Student 2), good question. Great guess too.
To be clear I am right because, when the charges are equal in quantity, they are not
written. When charges are not equal, the charges are crisscrossed and written, for
example:
Ca+2 and Cl‐1
Ca1Cl2
CaCl2

(Student 2) Response

Thanks (Student 1).
In some cases it appeared that the charges due to them being equal cancelled each
other but then I had an example where it reduces to its lowest terms. For example:
Cation: (Sn) +4 and Anion: (O) -2
Do the butterfly is
Sn2O4
SnO2
Am I understanding this correct?

(Student 3) Response

Hey (Student 2), good job on the corrections but I think if you place the brackets down
around the molecule it would make it easier to see what it is you need in the answer, But
the first answer I feel is correct.

(Student 1) Response

(Student 2), that is right. It is certainly the correct ratio.

Continued on next page.
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Table 5. (Continued). Example Sub-Topic: CaCO3

(Student 4) Response

Hi (Student 1),
I believe I had asked you the same question as (Student 2) in class today during lab. If
not close to it. I think what she is asking is if we are supposed to reduce to the lowest
terms as if we were doing a math problem. For example 2/8 =1/4.

Table 5 shows how the students help each other understand the concept of
chemical formula and naming. In doing so, they are able to clarify certain details
about chemical formulas, like when to put the subscripts and when to leave out
or reduce them. Understanding these details about a chemical formula motivates
the students to engage in the discussion. In the example given in Table 6, the
students are learning at a faster pace and move on to the topic of molar mass
and stoichiometry. These two examples exemplify the advantages of a clustered
discussion board over a traditional discussion board.

Table 6. Example Sub-Topic: Mg3(PO4)2
(Student 1) Initial sub-topic post

Cation= (Mg)2 +
Anion= (PO4) 3-
Do the butterfly
= Mg3 (PO4)2
-Type of bond
(Mg)2+ and (PO4 ) 3- = Ionic bond
P and O = the difference in electronegativity between P and O

3.5 -2.1 = 1.4 therefore the type of bond is polar covalent
Name of the compound
Magnesium Phosphate

(Student 2) Response post

Hi (Student 1),
I am going to calculate the molecular weight of your compound Mg3(PO4)2
Mg:24.305*3=72.915g
P:30.974*2=61.948g
O:15.9994*8=127.9952g
Molecular weight of Mg3(PO4)2=72.915g+61.948g+127.995g
Molecular weight =262.858g

How many grams are in 0.38 moles of Mg3(PO4)2
Equation=262.858g/1mole*0.38 moles
0.38 moles=99.88604 g

Facilitation/Feedback

The role of the instructor in the clustered discussion framework is minimal
and consistent with the “guide on the side” approach advocated by Mazzolini and
Maddison (20, 21). Once the topic is supplemented with detailed instructions, the
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instructor is just there to make sure that the students are following the instructions,
quality of the posts are maintained and incorrect information or misconceptions
do not get propagated on the discussion board. Even if there is a post where a
student has made a mistake, the instructor will stand back and allow time for other
students to come in and help the student. The instructor will jump in only when the
students are not able to help each other to arrive at the correct conclusion/answer.

Most students are usually nervous about being the first few to post on a
discussion board. The best way to address this is through positive feedback on
the forum and by repeatedly reminding the students that most of their classmates
are in the “same boat as they are”. It does help to respond to some of the good
(correct) posts initially and let them know that is what a good post should look
like. In my experience, after the first couple of weeks the students get over their
initial inhibitions and start openly asking and accepting each others’ help. This
greatly improves the collaboration between students. On the opposite spectrum
you may also have some over-enthusiastic students who post indiscriminately.
To a great extent, this can be avoided by providing very clear instructions on the
number and quality of posts. Often these students hold back on the indiscriminate
postings after they see that they might lose points for not following the instructions
and that they are not receiving any additional grades for doing so. This again
emphasizes the importance of instructions and clear grading rubrics.

Conclusion

The traditional online discussion board starts with one initial post based on the
discussion topic and then moves horizontally with the students adding new content
and expressing their opinions, views, explanations and understanding of concepts.
However, science is not always a subject that is amenable to long discussions based
on views and opinions. This often makes it hard to conduct a traditional online
discussion on a science topic that leads to actual learning. Furthermore, because
of the structure and framework of the traditional discussion board, information gets
lost in the hundreds of posts and threads that are not organized. Students often have
to click through multiple long horizontal threads to follow the discussion. These
factors discourage students from participating and many instructors refrain from
including a traditional discussion board in the science curriculum.

A clustered online discussion board overcomes the above mentioned
limitations of the traditional discussion board. Unlike the traditional discussion
that moves predominantly horizontally, the clustered discussion moves both
vertically and horizontally. The core of the clustered discussion board is the
discussion topic that has a “multiplier effect”. It forms the foundation on which
students are able to create multiple initial sub-topic posts and hence the vertical
movement of the discussion. These sub-topics posts then form the starting point
for horizontal discussions. Thus in a clustered discussion board framework, the
posts are automatically organized and categorized making it easier for the students
to follow a discussion and find useful information. The detailed instructions that
form an integral part of the clustered discussion board framework helps maintain
the quality of posts and achieve specific learning goals. Students research, discuss,
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clarify, reason and explain the concepts in these discussions leading to concrete
learning outcomes. They also develop their communication and collaboration
skills by answering each other’s questions, often in considerable depth. The role
of the instructor in these discussions is limited and mainly follows the “guide on
the side” model proposed by Mazzolini and Maddison (20, 21). In conclusion,
the clustered online discussion board model helps overcome the limitations of the
traditional discussion board while significantly reducing the load on busy students
and instructors trying to keep track of long horizontal discussion threads.
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Chapter 6

An Online Research Methods Course at
Georgia Southern University

C. Michele Davis McGibony*

Department of Chemistry, Georgia Southern University,
Statesboro, Georgia 30460-8064, United States

*E-mail: mdavis@GeorgiaSouthern.edu

The Research Methods course at Georgia Southern University
was first established in 1998 as a supporting pre-requisite to our
upper level courses. The twomain topics coveredwere chemical
literature and data analysis. The evolution of the internet,
significant changes in the availability of computer-based
tools for data analysis and literature searching, and increased
expectations of students in upper level courses necessitated
an update to this course, which was revised in academic year
of 2008–2009. The result was a course for sophomore and
junior chemistry majors with material focusing on computer
skills, laboratory skills, chemical literature research skills,
and scientific ethics, as well as careers and internships in the
chemical field. This course was first implemented in the spring
term of 2010 as a hybrid course (mixture of face-to-face and
online) which included evaluation surveys at the end of each
unit. Based on the feedback from students and the instructor,
the course has since been offered as a wholly online course.
This book chapter will describe the evolution, the content, and
the pitfalls of an online research methods course.
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Georgia Southern University is the state’s largest institution of higher
education south of Atlanta. Our university has over 120 degree programs at the
baccalaureate, master’s, and doctoral level. We are a classical residential campus
with more than 20,000 students from 48 states and 89 nations. For over 100 years,
the university fosters a culture of engagement that bridges theory with practice,
extends the learning environement beyond the classroom, and promotes student
growth and future success. Our university tagline is “large-scale small-feel” and
Georgia Southern University is well-known for its outstanding professors and
friendly personal environment for all students. Our institution is committed to
many high impact practices to engage students and create life-long scholars such
as the First Year Experience program, learning communities, service learning
opportunities, and a required course, Global Citizens.

The Department of Chemistry is housed within the College of Science and
Mathematics. This department offers a modern chemistry program leading to BS
certified degrees by the American Chemical Society. Our department is ranked
in the top 25 producers of ACS-certified BS chemistry majors (1) nation-wide
and our Student Chapter has been recognized by the ACS for the past twelve
years (2). The faculty is committed to providing a student-centered environment
to develop each student as life-long learners and members of the scientific
profession. This includes a well-balanced curriculum that consists of strong and
innovative instruction accompanied by modern laboratory methods, technologies,
and collaborative projects.

Most chemistry programs (3–7) across the nation require their majors to
obtain skills in chemical literature searching, and this skillset is required for
degree certification by the American Chemical Society (8). Georgia Southern
University is no different in their expectations, and all our BS and BA degrees
are ACS-certified. During the 1980s and early 1990s, students earning a BS
degree were required to earn two credit hours in “Chemical Literature”. This
course focused on techniques and tools for effectively searching all forms of
chemical literature including Beilstein, chemical abstracts, CRC Handbook of
Chemistry and Physics as well as library resources. Another requirement during
this time was a “Computing in the Sciences” course taught in the Department of
Mathematics and Computer Science. This course focused on spreadsheets, word
documents, databases, and other technologies available.

For the academic year of 1994–1995, the entire university underwent
conversion from quarters to semesters. This entailed an entire curriculum reform.
At this time, the chemistry department at Georgia Southern University decided
this was the perfect time to combine the literature and computing courses and
add additional material valuable to all students majoring in chemistry. The new
course was given the title “Research Methods”. Learning outcomes for this
course included computer literacy (Word, Excel, and Powerpoint), data analysis,
chemical literature, and visualization of molecules. This course was taught with
a novel approach of “work at your own pace” with instructor mini-lectures and
one-on-one assistance from the professor during class times. The material was
prepared for students in their sophomore year. In addition to this change in
the curriculum, the chemistry department at Georgia Southern University also
integrated two Junior and Senior seminar courses that were one credit hour each.
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Table 1 contains a summary of goals and majors topics for these three courses
taught prior to 1995. The Junior seminar course focused on all the available
careers for chemistry majors and how to write an effective resume, cover letter,
and personal statement. Senior seminar focused on a capstone research project
and allowed students to gain presentations skills.

Table 1. Goals and Major Topics for All Three Courses Taught at Georgia
Southern University Prior to the Consolidation and Creation of Principles of

Chemical Research Methods

CHEM 2031:
Research Methods in Chemistry

Goal: To use various computer programs effectively
to act as a scientific professional. Topics include:
data analysis, statistical analysis of data, internet
and library searching of chemical literature, and 3D
visualization of molecules.

CHEM 3610:
Junior Seminar

Goal: To introduce students to the skills necessary to
be a competitive chemical professional and possible
career paths. Topics include summer research
programs, resumes, cover letters, professional
schools, graduate schools, industry. Guest speakers
introduce various topics.

CHEM 4611:
Senior Seminar

Goal: To enhance the skills and abilities to
function as a scientific professional. Topics include
understanding the chemical literature, discussion of
chemical literature, and presentation of chemical
literature in a professional manner.

This combination of classes, Research Methods, Junior Seminar, and Senior
Seminar, worked very well for several years. However, as time passed and
technology became more integrated into the daily lives of students, students and
faculty became dissatisfied with these courses. From the student perspective,
they viewed themselves as computer and technology savvy. They could not see
the real life application of these skills but only saw busy work for no reason.
From the faculty prespective, the main problem was the skills from the research
methods course were not transferable to other courses. For example, in the old
research methods course an assignment using MathCad was introduced because
MathCad was a program used extensively in physical chemistry, but students
didn’t use the program again until two or three semesters later. Another problem
that arose from the seminar classes, from the faculty perspective, was that these
classes were not taught as part of a faculty member’s teaching load but as extra
work for each professor in the department.

From this issue came a new idea, to create one course and call it “Principles
of Chemical Research”. This course would be aimed at sophomore to junior
level students with materials from all three courses (research methods and both
seminars) for a combination of 3 credit hours that would be taught in load for the
faculty member. The course would be taught in a module format, but assignments
would have concrete, real-life applications. The materials taught in this course
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would be the skills students needed right now; more advanced applications for
upper level students would wait until they needed the skills. The MathCad
assignment described earlier and others like it were removed from the new course.
With the module format, this course could easily be a hybrid or completely online
course.

Table 2. Listing of Modules for Newly Designed CHEM 2030, Principles of
Chemical Research Methods

Module 1: Introduction to CHEM 2030 an Online Course

Module 2: Laboratory Safety and Equipment

Module 3: Scientific Ethics

Module 4: Chemical Literature

Module 5: Scientific Writing

Module 6: Microsoft Word and Chemical Structures

Module 7: Molecular Modeling and Visualization

Module 8: Microsoft Excel and Data Analysis

Module 9: Careers for Chemists

Module 10: Summer Research Opportunies

The new course, Principles of Chemical Research, was taught in the spring
term of 2010. All modules included in this course can be found in Table 2.
Many of the modules were a compilation of materials taught in the previous
three courses, but the modules over laboratory safety and ethics were added to
this course; the module on careers was changed significantly. This was a hybrid
course with approximately 70% online delivery, and almost all students enrolled
were in the spring semester of their sophomore year. After the completion of each
module, a survey was given that asked what were the “best” and “worst” parts of
the modules and what would they like to see change for the future. According to
these evaluations, most students enjoyed this course, and a few even stated it was
their favorite science course yet. The students did offer insightful comments about
what was needed in order to teach the material in a fully online format. Two main
issues were health professional careers were lacking and that many assignments
seemed too long and needed to be in smaller pieces. Students also commented
that they did not see the purpose of including the laboratory equipment module.
Using this information, CHEM 2030 went completely online in the summer term
of 2010 with the addition of health related careers in the careers module and the
addition of a research opportunities module. The laboratory equipment and safety
module was also revamped in order to demonstrate to students this knowledge, at
this time in their career, was necessary and relevant. The content of this course
has evolved over time, but the ten modules in Table 2 are still currently used for
this course, and the basic layout of each module is described herein.
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The first module is an introduction to the course which includes the syllabus,
the course schedule with due dates, and tips on taking an online course since this is
often the first course of this type in a student’s college career. This module contains
a quiz and two assignments. The first task is to post in the discussion board a basic
introduction of themselves and a current photo in order to create a sense of online
community. The second assignment is to use the email within the course platform
(Folio at Georgia Southern University) to send the instructor a message. The entire
purpose of this module is to aquaint the student with the online environment and
to communicate key course policies regarding grading and late assignments.

The laboratory safety and equipment module focuses on basic hazard
communications information like MSDS (Material Safety Data Sheets), proper
chemical labeling, and waste handling as well as the use and care of commonly
encountered laboratory equipment such as micropipets, volumetric flasks,
and analytical balances. This module delivers the information via voice-over
powerpoints, reading, and interactive videos. For assessment, two quizzes and
one assignment are required. The quizzes are timed, but each student has two
attempts for each quiz in order to maximize the retention of material and the
student’s grade.

The scientific ethics module discusses plagiarism in its various forms, the
need for proper and correct citation of information, research misconduct, and
many other topics on scientific ethics. Students are given the document “On Being
a Scientist: A Guide to Responsible Conduct in Research” (9) for background
information on this topic. This module also uses case studies to discuss ethical
problems and the philosophy of scientific inquiry. These case studies come
from “The Ethical Chemist: Professionalism and Ethics in Science” (10) as well
as current news articles about science misconduct in the USA and around the
world. This module contains two quizzes which are timed with two attempts, one
focusing on the article “On Being a Scientist” and the other on plagiarism and
ethical behavior in general as well as rules specific to our institution.

The third module in the sequence focuses on scientific writing, publication,
and chemical information. The ACS Style guide was utilized for students to learn
how to write lab reports, scientific papers, and scientific presentations including
correct citation methods. The differences between primary, secondary, and tertiary
literature is explored, and most importantly online searching via our institution
library and the internet. This module contains two quizzes which are timed with
two attempts and one assignment which was adapted and modernized from the
former research methods course.

The Microsoft Word and Chemical Structures module teaches students to
produce professional quality research reports or summaries. The main goals of
this module are for students to create chemical structure in ChemSketch, create
tables in Microsoft Word, and insert these as well as other objects into a document
with appropriate figure and table captions. This module contains one assignment.

Molecular visualization allows the students to view, rotate, modify, and
analyze chemical molecules in three dimensions using a specific program of
the instructor’s choice. Programs used in recent years have been WebMO (11),
RasMol (12), JMol (13), and Protein Explorer (14). All these programs are free
and available for instant download. The only assignment for this module allows
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the students to view and analyze various molecules with a range of sizes within
the chosen program. In the past offering of this course, caffeine, cholesterol,
hemoglobin, silk, and HIV protease were used.

The next module in the course is one of the most important and most difficult
for the students. This module focuses on Microsoft Excel, which is the most
prevalent software for data handling and analysis. The goal of this module is for
students to create a graph in Excel with a trendline and linear regression table
as well as analyze data statistically and use the information to solve a problem.
Intially this module contained one large assignment, but after a few offerings
it was obvious that the students needed smaller “bite-sized” portions of this
material. The course was recently revised to break up two large assignments.
There are currently four assignments in this module, each focusing on a different
task: Statistics, Graphing, Linear Regression and Residuals, and Data Analysis.
The final data analysis assignment allows students to use the skills they learned
in the previous assignments to solve a “real” problem. The problem and data
given vary from year to year depending on instructor’s preference. Most recent
problems involve determining the amounts of calcium in breakfast cereal, the
caffeine in various beverages, and cholesterol in patient blood samples. Every
assignment allows the students to enter data in a spreadsheet, calculate the mean
with standard deviation, create a graph of standards, add a trendline, and make
the chart suitable for a professional publication. Finally, the chart is used to
calculate an unknown quantity using the standard curve created and the regression
information.

The next module explores various career options for students majoring in
chemistry provides the tools needed to qualify for the positions of specific interest
to individual students. These modules introduce students to post-baccalaureate
studies such as graduate school within the field, medical options (medical, dental,
physician assistant, podiatry, anesthesiology assistant, physical therapy, etc), high
school teaching, governmental positions, and many others and the how and when
to apply for these positions. It is always interesting each year for the instructor to
read the students’ reactions when they discover that graduate schools within the
field have free tuition and a stipend. This is perhaps the most eye-opening module
for most students. This module contains two quizzes (timed and two attempts) and
two assignments. The assignments are referred to as “Plan A” and “Plan B”. Most
students arrive at college with one single career plan. Often their plans evolve over
time or the initial plan is not possible with their given skillset. This assignment
allows students to research their ideal career andwhat it will take to get themwhere
they want to be; it also forces them to explore many alternative careers. Figure 1
below contains the online assignment for this module.

As a continuation of this module, information about interviewing and the
documents necessary to obtain a specific job, internship, fellowship, or other
position is delivered. Students watch videos and presentations about interviewing
and the differences between a resume and a curriculum vitae. This module
contains one quiz and three assignments (draft resume, cover letter or personal
statement depending on Plan A, and a final resume). Students receive feedback
on their resumes from the instructor and our institutional career service center. At
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the end of this module, each student has a well crafted resume that is posted on
our EagleCareerNet website for potential employers.

The final module introduces students to the many different research
opportunities available within our department and college as well as outside the
university. There is a plethora of data that indicates the earlier students engage
in undergraduate research the more likely they are to continue to excel in their
program of study (15). It is imperative to provide students with knowledge and
access to the many types of research opportunities available. Students become
familiar with NSF REU programs, the McNAir program, various internships,
institutional research credit, and how and when to apply for these positions.
Students review a voice-over powerpoint presentation and take an online quiz.
Normally after the completion of this particular module the instructor and the
director of undergraduate research in our college receive many emails from
students interested in obtaining hands-on research experience.

Figure 1. Module 7: Plan A Assignment.
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As with any course and any delivery format there are advantages and
disadvantages, and Principles of Chemical Research is no exception. From
a student perspective, most students enjoy this course and feel that they gain
valuable knowledge and skills that they will use in the future. Many students
enjoy the online format and the flexibility to work ahead and around other course
exams and deadlines. This usually appeals to the highly motivated student. The
favorite modules over the last five years are Careers for Chemists and Summer
Research Opportunities; the least favorite are the Microsoft Excel and Laboratory
Equipment and Safety. Students are often frustrated with automatic grading in
our platform (Folio). Most short answer and all long answer questions have to
be manually graded by the faculty member, so the intial grade students see for a
quiz is much lower than their actual grade. It often takes many announcements
via the news board and discussion board to clear up this issue. In the past two
offerings of this course, new questions about this process have been included in
the introductory module. From a faculty perspective, the flexibility is wonderful,
and since this course has been taught numerous times by four different faculty
members there is a wide range of questions and module assignments to choose
from when creating a specific course. The two main issues faculty face while
teaching this course are communication with students and expectations of
students. Without regular face-to-face interaction, the nonverbal gestures and
facial expression that constitute communication are removed. This can often
lead to misunderstandings, context errors, and frustration between students
and between students and the professor. Another issue is communication
timing—therefore, each instructor must set up guidelines for communication
during the course introduction. At Georgia Southern University, our faculty state
in the course syllabus that we will check the folio course at least twice a day
during the regular work week and at least once on the weekend. The reality is we
check in on the course much more than stated to surpass student expectations.
When teaching this course, instructors must realize that self-discipline of the
individual student is required to do well in an online course. Since these students
do not have regular face-to-face interactions with the professor or other students
who can help with reminders and accountability, the student must be self-reliant
and vigiliant about due dates and times. In order to motivate students in the
couse, the instructor usually sends a message to all students at least three times a
week reminding them of deadlines, encouraging them to submit their work, and
posting helpful hints if students have already asked questions about a particular
assignment.

Looking toward the future, the course will continue to evolve and change.
Currently, a new module is in the works focusing on the 12 Principles of Green
Chemistry in conjunction with the American Chemical Society and the Office of
Sustainability at Georgia Southern University. Additionally, faculty who teach
this course are working with our Center for Online Learning to create applications
within each module that are more mobile-friendly for students who use tablets and
other mobile devices (16).

As the first completely online course offered in the Department of Chemistry
at Georgia Southern University, Principles of Chemical Research has been quite
successful. This course gives students early in their college career plenty of
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information about career options and undergraduate research as well as teaching
them skills in scientific writing, scientific ethics, basic laboratory safety, basic
laboratory equipment, molecular visualization, and data analysis. These skills are
necessary in many junior and senior level courses and within their own individual
research projects. Using the information presented in this book chapter, this type
of course could be implemented successfully at any university across the globe.
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Statesboro, Georgia 30460-8064, United States
2Department of Chemistry and Biochemistry,

California Polytechnic State University,
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3Department of Chemistry, St. Edward’s University,
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Atlanta, Georgia, 30332-0400, United States
*E-mail: rfortenberry@georgiasouthern.edu (R.C.F.);

armcdona@calpoly.edu (A.R.M.)

Computational chemistry is a significant tool in contemporary
research, but little of it is employed or taught as part of the
standard undergraduate chemistry curriculum. This has largely
been due to the cost of hardware and software, a lack of
computationally specific technical expertise on the part of
the average educator, and little freely-available computational
chemistry curricular material. PSI4Education is a team of
individuals hoping to change this. In this chapter, we discuss
how the WebMO graphical-user interface and PSI4 suite of
quantum chemical programs, which are both available at no
cost, can be installed and utilized for educational purposes.
More importantly, however, PSI4Education has developed
a set of ever-growing, vetted laboratory exercises to be
employed in the chemistry classroom and laboratory. These
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are available free of charge for download from our website:
http://www.psicode.org/labs.php. The labs are created in a
flexible manner to be used as-is or tailored for particular use by
the educator, and they come with answer keys and various other
helpful instructional tools. We welcome further contribution
from the community and believe that the next generation of
chemists must have at least basic competency in computational
chemistry as they do in synthesis, instrumentation, and all of
the other traditional aspects of chemical education.

Introduction

Beginning with the initial undergraduate-level courses taught at most
colleges and universities, mathematical models are necessary to describe chemical
phenomena. These are often relatively simple algebraic relational models, but the
Arrhenius equation and Charles’s Law, as examples, are essential for providing
students with necessary levels of chemical under- standing. The advent of
quantum mechanics greatly improved chemists’ understanding of the underlying
physics dictating the observed chemistry, but true quantum chemical modeling is
nearly impossible to perform with pencil and paper for any systems of real interest
(1–3), largely placing its usage out of the hands of most chemistry students.
Luckily, the introduction of computers into chemical research has greatly
improved the depth of employed models, rendering computational chemistry a
necessity for modern research. The flexibility that molecular modeling provides in
detailed analyses of orbital occupations, reaction dynamics, and potential energy
scans makes its inclusion in the modern set of research tools a natural extension.
This flexibility can also make computational chemistry a fantastic educational
tool (4), especially for more complicated concepts such as visualizing molecular
orbitals, symmetry operations, and electrostatic potential mapping, but very
few undergraduate students are routinely exposed to computational chemistry
before graduation. Hence, contemporary chemical education possesses few if
any concepts of computational chemistry even though this tool is opening new
areas of chemical research (5, 6). Students must learn at least basic computational
chemistry skills in order to become the productive chemists of tomorrow.

Forays into the use of computers and computational chemistry in the
undergraduate chemistry curriculum have been reported in the literature since the
1990s (7–9) when computer literacy was on the rise and the cost of computer
hardware was declining. As the subfield of physical chemistry was increasingly
populated by trained computational chemists, computational chemistry began to
emerge more frequently in the undergraduate chemistry classroom and laboratory
(8, 10, 11). In fact, a large portion of an issue of the Journal of Chemical
Education (Vol. 73, Iss. 2) was dedicated to the use of computational chemistry
in the undergraduate classroom in 1996, and the first three volumes (2005–2007)
of Annual Reports in Computational Chemistry (a yearly publication of the
American Chemical Society) devoted an entire section to topics in chemical
education. Around the same time, research dollars were being granted to
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provide the necessary hardware and manpower to examine how computational
chemistry could be developed for undergraduate education and even research
(11). Additionally, pioneering computational chemists found new ways to
communicate the minimum of necessary technical Linux/Unix competencies to
students while producing positive learning outcomes for the physical chemistry
classroom (12). As such, the use of computers and computational chemistry as an
educational tool has ballooned in recent years (13–17).

In spite of an increase in computer usage for research and education
within chemistry, the amount of computational chemistry education provided
in the standard undergraduate curriculum is still almost nonexistent, especially
at small and underserved colleges and universities. The reasons (4) for this
are threefold: 1) technical expertise, 2) financial expenditure, and 3) vetted
computational educational activities. A lack of deep-knowledge computer literacy
by both the faculty and the students has long hampered further development of
computational chemistry as a teaching tool (12). Most computational chemistry
programs have been written by computational chemists with a bent towards the
necessary computer science aspects of their careers. Hence, many packages
require expert-knowledge for installation and even usage. Many faculty who
are traditionally-trained chemists and not computational or theoretical chemists
are not confident enough to engage in this type of instruction. Additionally,
most students have no previous knowledge or experience with such high-level
programming, forcing the instructor to spend large amounts of time teaching the
students how to use the program and not learning the desired chemical concepts.

On the other hand, many companies have produced relatively easy-to-use and
easy-to-install computational chemistry programs, but these can cost in the range
of thousands of dollars per license per year, well above what most departments
can afford for their numbers of students. Such software is often viewed as a risky
purchase anyway since most faculty are not familiar with the education potential
for these programs. Beyond the cost of the software, hardware concerns are
also of financial consideration. Basic and workable computer hardware can be
obtained readily today, as most colleges and universities purchase large numbers
of computers and have information technology (IT) personnel on staff. However,
if more advanced techniques are to be employed and exposed to the students,
access to quality hardware can still be an issue. Remote supercomputing and
cloud-based resources are beginning to show promise as a means of alleviating
such concerns (18), but this represents a very new path for computational
chemistry education.

Even if hardware is available, software is purchased, and the educator
is competent and capable of setting up the quantum chemical programs, the
exercises and assignments using these resources must still be developed. This
can take several hours to several weeks to create, evaluate, and implement,
representing a significant time-investment by the educator, especially if he or she
is building these ideas and concepts from scratch in isolation. Luckily, the world
is beginning to change on all of these fronts.
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PSI4Education

Some modern, state-of-the-art software is actually available for download
free of charge, immediately reducing the operating costs of computational
chemistry as an education tool. The WebMO (19) graphical-user-interface (GUI)
is a free, easy-to-use, HTML- and Java-based program that can be attached to
various computational chemistry engines. Higher functionality of this program
does require paid license upgrades on the order of a one-time purchase of $1,000
(US) to $2,000 (US; depending on version), but these are relatively inexpensive
compared to other computational chemistry GUI licenses which can, again, cost
upwards of $2,000 (US) per student per year. Additionally, the PSI4 (20) suite
of computational chemistry programs is a free and open-source package that
is capable of high-level quantum chemical computations and has been utilized
extensively for high-level computational chemistry research (some of it even
performed by undergraduate students) (21–26). It is developed by both domestic
and international partners at universities including Virginia Tech, Georgia Tech,
the University of Georgia, Ataturk University, and Emory University among
others. The PSI code has existed in various forms since the mid-1970s with PSI4
development beginning in 2009. Its development has largely been funded by the
National Science Foundation and among some communities is becoming one of
the most-used quantum chemistry programs available. Hence, the marriage of
WebMO and PSI4 promises low-cost, or even no-cost, tools that can be used as
part of undergraduate education.

There is some initial setup of the WebMO and PSI4 software required on the
part of the instructor. The PSI4 program currently only runs on Linux/Unix or
Mac OS X operating systems. However, for Linux machines a binary distribution
is now available, as described at http://www.psicode.org/psi4manual/master/
conda.html. The binary distribution includes all required dependencies and is
updated nightly; the PSI4 installation can be updated automatically with a single
command. WebMO can be installed on Windows, Linux/Unix, or Mac OS X
operating systems. However, the free version of WebMO requires installation
on the same machine that is used to run the computations, and hence to be
used with PSI4. WebMO must be installed on a Linux/Unix or Mac system
(unless the WebMO Enterprise version is purchased). Installation of WebMO
on a Linux/Unix machine is fairly straightforward for anyone familiar with the
basic features of Unix, and is assisted by detailed instructions on the WebMO
website and a provided setup script. WebMO must be installed on a machine that
provides a Web server, since students interact with WebMO via web browsers.
Configuration of the Web server to accommodate WebMO is also described in the
WebMO setup directions. Although some initial setup in UNIX is required by the
instructor or the local IT staff, students interact with WebMO exclusively through
a browser-based GUI that is very easy to learn and to use.

The authors are working within the PSI4 community to develop laboratory
exercises and educational tools that make use of the WebMO program and its
GUI linked to PSI4. Our effort is called PSI4Education, and our aim is to create
meaningful laboratory exercises to increase students’ exposure to computational
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chemistry and to provide the technical expertise to aid in the installation and setup
of the free WebMO/PSI4 software.

While there are several other free quantum chemistry packages that currently
link with WebMO, including GAMESS, MOPAC, and NWCHEM (as well as
TINKER and Quantum Espresso for dynamics), we are limiting our free and open-
source lab manual to the free and open-source PSI4 program. PSI4 is unique in
its exceptionally efficient density-fitted codes which significantly speed up any
computations, especially for geometry optimization, which is important in all of
the lab activites. Additionally, PSI4 can perform symmetry-adapted perturbation
theory (SAPT) computations on molecular fragments, open-shell electronically
excited states with coupled cluster theory, and coupled cluster multi-reference
computations, to name a few unique features. These diversify the potential for
PSI4Education exercises to be used for a variety of different types of future lab
activities. Finally, PSI4 is, again, open-source, allowing expert users to modify
the code in order to include new features if desired for pedagogical reasons. In
fact, the top level or "driver" portion of PSI4 is written entirely in Python, and
basic extensions are therefore easy to implement because Python is easy to learn
and allows rather complex tasks to be accomplished using only a few lines of code.

Several books exist which present computational and quantum chemistry
exercises for student use (27–29). These books vary in their focus, complexity,
and level of instruction. For example, Exploring Chemistry with Electronic
Structure Methods by Foresman and Frisch (27) gives detailed instructions and
exercises for exploration of the commercial Gaussian® family of programs (30).
The scope of PSI4Education differs from these other materials in its accessibility,
flexibility, pedagogy, and expense. This project is open-source and welcomes
continual contributations and improvements. Course-ready materials are provided
with instantaneous access online and can be immediately implemented in the
classroom. While these activities are designed to be instructional, they are written
in such a way as to not only enhance computational chemistry skills, but also
invite students into the research process.

PSI4Education released our first open source lab manual in August 2014, and
it is freely available for download at www.psicode.org/labs.php. It is our hope to
continue to add to this repository, and it will always be free of charge just like
PSI4. The PSI4Education labs are protected by a Creative Commons Attribution-
NonCommercial 4.0 International License, but as long as for-profit usage of the
materials is not being promoted without consent from the team members, the labs
are available for any educational purpose.

Every lab exercise published is titled in the form of a research style question
in order to engage the student in the research process and hone their problem
solving skills. Each exercise is complete with student instructions, a worksheet,
and an answer guide for the educator which includes a set of learning objectives, an
estimate of the expected time to complete the procedure, and a summary of the lab
in addition to the proper results for the student exercises. These labs have all been
vetted and tested by various members of the team and even implemented in many
of our own courses. Potential pitfalls and issues are also mentioned and discussed
in the answer guide such that the instructor is aware of areas where students may
struggle or have issues as the learning process takes place. The labs are published
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in the Google Documents format of Google Drive. As such, the educator retains a
tremendous amount of flexibility in what he or she may choose for the student to
do. For instance, the educator may download the exercise to a word processor
and remove the worksheet portion so that the students may write a lab report.
The educator may choose to use only a portion of the exercise, or use an entire
lab as-is. In any case, the educator can tailor the exercise for the students in his
or her classroom. Additionally, these labs can be linked to typical online course
administrative software such as Moodle, Desire2Learn, Blackboard, and similar
programs. While the labs are freely accessible, the answer guides have restricted
access in order to minimize the chances of cheating or other improper conduct
from the students. However, an e-mail from the educator to the PSI4Education
team from his or her university email account is enough for access to be granted.

Currently, our labs come in two categories: basic and advanced. Since
most of the exercises developed thus far have been produced for the typical
second semester physical chemistry course, i.e. quantum chemistry, most of
the labs created have a bias for this course. Currently, labs related to molecular
orbitals, symmetry, non-covalent interactions, theory/basis set considerations,
and rotational spectroscopy have been produced. However, the advanced labs
can be included in any chemistry course. The use of molecular orbitals may be of
particular interest to organic chemistry, as an example. Future labs will include
activities from across the chemistry curriculum. The basic labs are currently
designed for introductory chemistry concepts that are often discussed in first-year
undergraduate courses but can be applied to other discussions in more advanced
settings where applicable. As of now, these include an initial example exploring
the radius of an atom, giving students a visual description of how chemists
classify the size of submolecular species.

Additionally, there exists other documentation for “Getting Started”. This
includes a tutorial designed for all new WebMO/PSI4 users regardless of
education level. It shows students basic but necessary concepts including how
to build molecules within the GUI and how to run computations. A discussion
of customizing labs (as mentioned previously) is also given within the Getting
Started section as well as a detailed set of instructions in how to setup and install
WebMO and PSI4. Even though PSI4 requires installation on a Unix-based
operating system such as Linux or Mac OS, the detailed instructions should
be straightforward enough for most educators to install and link the programs.
Additionally, the PSI4Education team is always available for assistance since we
have all installed and maintain our own WedMO/PSI4 setups at our respective
universities.

What It Looks Like

Since the students (and the instructor, besides installation) will only see the
WebMO GUI, the WebMO website (http://www.webmo.net) provides a fantastic
description of the visuals for their program including screen shots, troubleshooting,
and tutorials. However, some issues are intrinsic to the use of WebMO with PSI4.
To address these and provide an example as to how the exercises proceed, the lab
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entitled “Is C3H+ present in the Horsehead nebula?” is broken down and discussed
below. In this lab, the students explore the astronomical molecular rotational lines
observed in the Horsehead nebula photodissociation region and what the carrier of
these features may actually be (31–34).

Figure 1. The PSI4Education website. (Printed with permission from
www.psicode.org.)

Figure 2. The advanced labs section on the PSI4Education website. (Printed
with permission from www.psicode.org.)
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On the PSI4Education website (Figure 1), the user can scroll down to the
“Advanced Labs” section (Figure 2) and select the “Lab Handout” link at the
bottom of Figure 2.

Figure 3. The first page of the Horsehead nebula laboratory exercise.

From the PSI4Education webpage, the user is linked directly to the Google
Document for this lab as shown in Figure 3.

Figure 4. The worksheet portion of the Horsehead nebula laboratory exercise.

92

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 A
ug

us
t 2

7,
 2

01
5 

| d
oi

: 1
0.

10
21

/b
k-

20
15

-1
19

3.
ch

00
7

In The Promise of Chemical Education: Addressing our Students’ Needs; Rigsby, et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2015. 

http://pubs.acs.org/action/showImage?doi=10.1021/bk-2015-1193.ch007&iName=master.img-002.jpg&w=323&h=195
http://pubs.acs.org/action/showImage?doi=10.1021/bk-2015-1193.ch007&iName=master.img-003.png&w=323&h=198


The laboratory exercise is then laid out with an introduction and a procedure.
The optional worksheet begins on the first page immediately following the
procedure. This is depicted in Figure 4.

Figure 5. The job manager window for WebMO. (Printed with permission from
reference (19)).

TheWebMOGUI interface is easy-to-use and fairly intuitive. The instructions
in the lab procedure are also step-by-step in order to provide the easiest means
of execution for the student. Again, the instructor may choose to modify these
per his or her desires. After logging in to WebMO, the student will come to the
“Job Manager” window (Figure 5). By clicking “New Job”, in the upper-left-
hand corner, the student is taken to a screen where he or she can input the desired
molecule.

This input is most readily done by building the molecule within the viewer to
create the structure shown in Figure 6. Again, the PSI4Education tutorial in the
“Getting Started” section discusses how to do this, as does the WebMO website.
The molecules may be created as Lewis structures with mulitple bonds, but
students often struggle with the creation of radicals and ions since the standard
Lewis structure rules are no longer complete. The “bonds” given in the WebMO
GUI are simply a measure of distance. Quantum chemically, bonds are just
probability densities and actually do not mean anything to WebMO or the PSI4
engine. Only the position of the atoms and the number of electrons are important.
Hence, a molecule drawn in WebMOwith a proper Lewis structure or simply with
points for the atoms will perform the same way as long as the number of electrons
are equal. Regardless, the desired coordinates for the atoms and a best first guess
as to the molecular structure is created in the “Build Molecule” window.
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Figure 6. The “Build Molecule” window. (Printed with permission from
reference (19).)

By clicking on the right arrow at the lower-right-hand corner, the built
molecule can then be prepared for computation in the “Configure Job” window.
The proper selections are given in the laboratory exercise, but the final product
will look much like that in Figure 7. Clicking the right arrow again at the
lower-right-hand corner will submit the job to the computer and return the user
to the “Job Manager” but with the new job submitted. Once the job is complete,
the Job Manager will report it as such, and the user can analyze both the raw and
HTML outputs for the required information for the exercise. The GUI results are
relatively easy for the students to understand especially for things like geometry
optimizations where the final structure of the molecule is visually depicted and
can be manipulated by the student. The 3-dimensional visuals greatly enhance
the student’s ability to conceptualize the molecule.

Beyond the description of the steps used in the WebMO interface, the
example “Is C3H+ present in the Horsehead nebula?” exercise is a fully developed
lab that we have already implemented in some of our classes. In this lab, students
are asked if they can use quantum chemical techniques to aid in the detection
of a new molecule in space. Pety and coworkers (31) observed rotational lines
toward the Horsehead nebula and suggest C3H+ as the carrier of the lines. The
students then perform geometry optimizations in order to derive the rotational
constants of this molecule as well as several others including C3H-, NNOH+, and
HCCN that are related by mass to the test molecule. The students must compute
rotational constants for the sample molecules and compare their values to those
determined by Pety and coworkers. The students are then asked to discuss which
molecules can be eliminated as carriers, which three are the most likely to be
the carrier, and which one they believe actually is the carrier based on their data
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and understanding of rotational spectroscopy. The stated learning objectives
for this lab indicate that the students will: 1) apply methods and basis sets for
the study of rotational spectroscopy, 2) formulate and analyze data in order to
evaluate previous scientific claims, and 3) propose and judge logical alternatives
to previous scientific claims. It is hoped that the richness of this exercise and
its application to astronomy will engage students not only in computational
chemistry but serve to enhance their knowledge of spectroscopy as well. Each
exercise listed on the PSI4Education website has the same rigor and depth creating
a full set of active and collaborative learning experiences based on computational
chemistry to further develop students’ chemical intuition and understanding.

Figure 7. The “Configure Job” window. (Printed with permission from reference
(19).)

Future Goals

PSI4Education is also open to new ideas and new contributions, especially
for courses besides quantum chemistry. Labs related to organic, inorganic,
thermodynamics/kinetics, and analytical chemistry are certainly possible, and we
welcome contributions in these areas. We ask that new contributions be designed
for theWebMO/PSI4 interface with detailed instructions and an answer worksheet
formatted in the PSI4Education style along with an instructor guide. We expect
that each lab submitted will have been tested by the author at their own institution.
In this process, we expect that the author will include student feedback in refining
the activity and will convey this information to the PSI4Education team as part
of the submission. Then, the activity will be vetted by one or more of the core
PSI4Education team and be tested by a student at a different institution. If the
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exercise is deemed satisfactory, it will subsequently be published in its respective
classification on the PSI4Education website. The PSI4Education project is
intended to be dynamic; updates and changes will take place on a regular basis
as lab activities are further improved. We hope that more members contributing
more labs will fully develop freely available computational chemistry resources
with free software across the chemistry curriculum.

Since WebMO is relatively easy-to-use, we hope that PSI4Education
resources can be utilized in the high school chemistry classroom, as well. One
of us (RCF) has already taught a one-day summer course for gifted high school
students where they utilized WebMO to design and test molecules for comparison
of their various spectroscopic features to observed astronomical features.

As mentioned previously, commercial cloud computing (CCC) represents
a new means of utilizing computational resources (18). One benefit to this
environment is that a created disk image can be copied and used by any user with
the proper granted access (35). Current members of the PSI4Education team and
other collaborators are exploring how “plug-and-play” resources may be created
such that an educator would actually never have to install any of the programs but
would only have to manage their CCC account and necessary WebMO setup.

Conclusions

Computational chemistry has enhanced and is revolutionizing chemical
research. As such, students must be taught these skills. PSI4Education exists
to lower the barriers to the use of computational chemistry in the undergraduate
classroom. By providing freely available and flexible instructional resources
making use of free or low-cost computer software, it is hoped that the uptake of
such materials will increase the use of computational chemistry as a teaching tool
and provide modern students with modern skills upon graduation. Additionally,
we are providing assistance and support in the installation and setup of these
computational resources. We are open and welcoming to further growth of this
team and to new ideas and resources being submitted in order to expand the
reach of computational chemistry to the twenty-first century learner. As a final
note, the WebMO/PSI4 setup described here may also be used for undergraduate
research, potentially enhancing student learning outcomes even more. Such skills
will make our students more competitive for postgraduate studies or industrial
employment and will increase the quality of the chemistry education given.
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Chapter 8

The Power of Experiential Learning:
Leveraging Your General Education

Curriculum To Invigorate
Your Chemistry Courses

Kimberlee Daus* and Rachel Rigsby

Department of Chemistry & Physics, Belmont University,
1900 Belmont Blvd., Nashville, Tennessee 37212, United States

*E-mail: kim.daus@belmont.edu

In recent years, many institutions have undergone general
education reform in attempts to improve student engagement
and retention. The resulting curriculums, which focus on
high-impact practices, are wonderful avenues through which
chemistry departments can explore options for new classes
or rejuvenate existing classes. Within General Education at
Belmont, Chemistry faculty have created Learning Community
Courses on both the majors and non-majors level. Additionally,
we have extensively used experiential learning pedagogies such
as service learning and problem-based learning to encourage
students to delve more deeply into real-world problems in an
upper-division chemistry elective (Medicinal Chemistry) and
in courses for non-science majors. This chapter describes the
pedagogies gleaned from the General Education curriculum,
the chemistry courses developed using these pedagogies,
and student learning and engagement obtained through these
courses.
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Introduction

Increasing student success and engagement in college chemistry is
challenging at best. In addition to addressing the wide range of experiences and
abilities that students bring into the classroom, faculty must look for creative
ways to make the curriculum relevant and timely for the students. A wealth of
knowledge on research-based practices for improving teaching and learning is
available in the literature. A leading figure in research on high-impact practices,
George Kuh, has noted (1):

“[W]hen I am asked, what one thing we can do to enhance student
engagement and increase student success? I now have an answer: make
it possible for every student to participate in at least two high-impact
activities during his or her undergraduate program, one in the first year,
and one taken later in relation to the major field. The obvious choices
for incoming students are first-year seminars, learning communities, and
service learning.”

Many science programs have not taken full advantage of high impact
practices such as experiential learning or learning communities (2). In the
Chemistry Department at Belmont, we have successfully leveraged our revised
general education program to implement high-impact practices at multiple
levels in our curriculum. This includes a re-design of both introductory and
upper-division courses in the chemistry major as well as the modification of
general education chemistry classes. We have successfully offered courses as
Learning Communities and have utilized experiential learning to enhance several
other classes. In this chapter we provide examples of specific course modifications
implemented to invigorate our chemistry courses.

General Education Reform

In 2004, in the midst of a changing climate in higher education, Belmont
University proposed a reformed general education program. The Belmont
Experience: Learning for Life, or BELL Core, passed with the overwhelming
support of the faculty. In addition to traditional content courses (fine arts,
humanities, science, mathematics, social science, religion, and physical
education), it contained several key components recognized as high-impact
educational practices by organizations such as the Association of American
Colleges and Universities (AAC&U) (3). These included a first-year seminar,
learning community courses, and senior capstones. In addition, multiple courses
identified as global studies and experiential learning were required of every
graduate.

The BELL Core was developed as a vertical curriculum (Table 1) for
students as they matured through four stages of learning (launching, intersecting,
broadening, and reflecting).
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Table 1. BELL Core Signature Requirements and Traditional Content
Courses by Year

Year Courses

1 First Year Seminar, Writing, Learning Community, content

2 Speech, content

3 Junior Cornerstone, Writing, content

4 Senior Capstone, content

Students would enroll in a broad, non-disciplinary First Year Seminar
(launching), then move into thematic Learning Communities, courses designed to
explore how two disciplines studied a particular issue relevant to both disciplines
(intersecting). This combination of courses was designed to provide students with
a framework on ‘ways of knowing’, or how knowledge can be gathered, evaluated,
or interpreted. These introductory courses were followed in the third year with a
Junior Cornerstone, a course designed around broad disciplinary content with a
focus on collaborative learning and application of content to real-world problems
(broadening). Finally, a culminating Senior Capstone seminar would allow
students to reflect on their educational experience with a focus on what constituted
a ‘meaningful life’ and the transition to life after college.

Experiential Learning

In addition to the vertical design of the General Education curriculum and the
inclusion of key courses, the BELL Core included an expectation of experiential
learning. In the course of their undergraduate career, students must take a
minimum of two courses designated as experiential learning (EL). Also known
as learning through experience, experiential learning is a process through which
students develop knowledge, skills, and values from direct experiences outside
a traditional academic setting. Experiential learning is not new; educational
psychologist John Dewey noted its importance in 1938 by stating, “There is an
intimate and necessary relation between the process of actual experience and
education” (4). Dewey believed that experiential learning created a rich learning
environment in which critical thinking and problem solving thrived. David Kolb
furthered this idea through the development of an experiential model (Figure 1);
this model outlines the key tenets needed to ensure the success of experiential
learning.

Figure 1. The Kolb Experiential Model (5).
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The Kolb cycle reflects the natural process by which experiential learning
occurs; typically learning starts with the experience itself. The “doing” aspect
engages students in a direct practice of their learning and, consequently,
results in them taking ownership of their own learning. Through the next
process, observation and reflection on the experience, students break down their
experiences and make connections between the experience and their learning.
In the third phase, insight, students formulate new understandings based on
their experiences which they then test (action) in the fourth phase. The cycle is
repeated through new experiences.

Typical experiential learning venues include internships, service learning,
undergraduate research, study abroad, and other creative and professional
work experiences. At Belmont, chemistry majors, depending on their program
requirements, can attain one EL credit either as an internship or through
undergraduate research. In 2011 a second option was offered for Chemistry
majors through a Service-Learning course in Medicinal Chemistry.

Pedagogically, Service-Learning offers many advantages for both students
and instructors; by relating course content to a service project, students more
readily connect their learning to a real-world context. This connection results in
deeper learning and stronger skill sets (6, 7). Moreover, through these experiences,
students develop a strong sense of communitywhich serves to connect them further
to the instructor and to the institution as a whole (8).

Incorporating service-learning in chemistry (and many of the sciences) is
challenging due to a number of factors, one of which is the time commitment
required of students in laboratory-based classes (9). Yet, chemistry faculty
wanting to capitalize on the pedagogical advantages of service-learning have
sought way to include it in their courses. Short term projects are popular options;
recent service-learning projects in chemistry include using biochemistry to design
pamphlets for distribution in homeless shelters (10) and teaching an organic
chemistry lab synthesis of azo dyes to high school students in underserved areas
(11). However, these short term projects do not meet the requirements for a
course to be designated as "experiential learning—service-learning” at Belmont.
Service-learning classes require students to commit 8–20+ hours of service work
during the semester (12). Full requirements include:

• On-site community involvement that is intentionally linked to the course
content

• Preparation for, as well as reflections on, the service experience
• A minimum of eight hours of direct engagement with the community

partner/project
• The service must be for the service of community engagement and

learning, not primarily for the development of personal or job-related
skills—and the experience must be mutually beneficial to the community
partner/project.

Embedding Service-Learning in Medicinal Chemistry offered several
advantages: (1) Medicinal Chemistry is an elective course with no lab and thus,
affords the instructor more flexibility for including SL projects; (2) content
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learned in the course is relevant to the community and easily communicated; (3)
societal issues such as drug addiction and misuse are easy to incorporate into the
curriculum; and (4) the topic lent itself to multiple S-L projects.

In the Medicinal Chemistry course, two service-learning projects were
developed in partnership with CADCAT (Community Anti-Drug Coalitions
Across Tennessee) as part of their Inter-Collegiate Prevention Task Force. The
two projects are described below.

• Prescription Drug Disposal Program (“Drug Take Back”): Students
participating in this project worked with faculty and students from
two other regional universities in executing a disposal program for
unused household pharmaceuticals. The event was held in a local
county and was coordinated through the sheriff’s department. Students
researched and developed pamphlets that were distributed to the public
(at the drug take back) on the hazards of different prescription drugs
including the impact on the environment as a result of improper disposal.
During the take-back day, students distributed their pamphlets to the
public and assisted in counting and cataloging of prescription and
over-the-counter drugs. This drug documentation was then used as part
of an assessment study to evaluate the effectiveness of take-back days in
local communities.

• Collegiate Assessment and Environmental Scans: Through this project
students examined the current Belmont University alcohol and drug
prevention plan and compared its alignment with Nashville’s coalition
plan to address underage drinking. One effort of CADCAT was to
determine the relationship between advertisement and subsequent
sales of alcohol- and nicotine-related products. Students conducted
environmental scans of various Nashville convenience stores (through
Nashville Prevention Partnerships, NPP); three teams of students
evaluated 41 locations in the metropolitan and surrounding areas. The
environmental scans involved an analysis of the signage posted on the
exterior and interior of the sites with regard to the advertisement of
alcohol. In addition to presenting their results to NPP and the class,
students participating in this project also researched the chemistry of
alcohol and nicotine.

During their project, students maintained reflective journals. A series of
reflective prompts throughout the semester helped students to make connections
between their service experiences and their learning. To provide deeper
connections, prompts were intentionally linked to the service projects. For
example, in the second prompt, students involved in the drug take-back were
asked to talk with three people (of different ages) about practices in their homes
concerning prescription drug disposal whereas students involved in the NPP
project were asked to interview underage peers about factors that influenced their
practices (of consumption of alcohol and nicotine). At the conclusion of the
project, the majority of the students reported that the Service-Learning venture
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enhanced their learning in Medicinal Chemistry and helped them to gain an
awareness of societal issues associated with drugs and alcohol abuse and misuse.

Learning Communities

In addition to the experiential learning requirements, Learning Communities
were included in Belmont’s reformed general education curriculum. Numerous
institutions across the country have implemented Learning Communities; types
of LCs vary and include paired courses with concurrent student enrollment,
living-learning communities, and even faculty LCs whose members are interested
in improving teaching and learning in their classrooms (13, 14). Student learning
communities early in the college experience have been shown to promote deep
learning and general gains among students. Initial research on the effectiveness
of LCs concluded that participation in a learning community was associated with
increases in student retention and academic performance (15). An extensive
literature review on the efficacy of LCs can be found elsewhere (16).

LCs have been utilized by institutions in a variety of ways in the sciences.
Some programs are using them to provide additional coursework support and
faculty mentoring to a cohort of students (17); others, such as the University
of Kentucky, allow students to enter STEM living-learning communities (18).
However, these models do not fit the type of LCs at Belmont as they do not
typically involve specific courses in the chemistry curriculum.

LCs in our curriculum are defined as two general education classes with
concurrent enrollment; paired courses must come from two different content areas
(science, social science, mathematics, humanities, fine arts, religion, or physical
education). Paired classes are not team-taught; rather, each faculty person teaches
his or her disciplinary course as a stand-alone course. Paired courses focus on an
area of overlap in content or a common issue relevant to both disciplines. Faculty
are encouraged to attend one another’s classes when possible, and they may
assign common readings or experiences, but faculty only teach in their respective
disciplines. Learning outcomes include the development of students’ ability to:

• distinguish between the kinds of knowledge and the types of thinking and
learning processes that are represented in two disciplines

• recognize the interconnectedness of knowledge through examination of
an area of overlap between two courses

• integrate learning from each of the disciplines into the other and provide
a specific example of how something learned in one class contributed to
understanding of the other

• evaluate various information and experiences from the perspective of
each of the disciplines

An additional Learning Community expectation stemming from Belmont’s
recent institutional Quality Enhancement Plan is that all linked courses include a
significant shared experiential component such as a field trip or service project
where students encounter the disciplines being studied in the real world (19).
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This experiential component is designed to address and reinforce students’ sense
of competency in the subjects studied through the experience and application of
learning. For example, a theater and literature LC has attended a production of a
play read in class followed by an in-depth interview with the cast and producer
after the production; a biology and writing LC has visited an area park and written
about their experiences from a scientific perspective.

Chemistry Learning Communities have been formed by linking chemistry
with courses in the social sciences, humanities, and fine arts. Our department
has taken advantage of the fact that students enroll in LCs in semester two of
their academic career, when chemistry majors are enrolled in the second semester
of General Chemistry. Accordingly, we have modified the second semester of
our General Chemistry sequence and have offered it as part of several different
Learning Communities. In one long-standing LC, General Chemistry 2 was paired
with a political science public policy course. Faculty delivered key area content
with a course theme of how chemists and policy makers view environmental
issues. The culminating experience was a group project requiring students to
collect and analyze an environmental water sample. An extensive laboratory
analysis included typical freshman techniques such as titrations, construction
and use of a calibration curve, and use of a simple spectrophotometer. After
completing their multi-week study, student groups wrote policy papers and led
presentations based on their findings informing mock legislators (their classmates)
of their results in support of potential legislation concerning water quality in
Tennessee.

We have also linkedGeneral Chemistry 2with anArt Experience course; these
courses focused on visual representations in the disciplines. Students finished the
courses by creating models and artistic renderings of various molecules. More
recently, we have offered General Chemistry linked with English literature with a
course theme of forensics. Here faculty have used a thin-layer chromatography
forensics activity to demonstrate molecular polarity and intermolecular forces,
traditional general chemistry content.

It is important to note here that General Chemistry LCs follow the same
course syllabus as non-LC sections, with very few modifications. Typically a
handful of lectures throughout the semester are used to discuss common readings
or show films in the learning community; non-LC sections use these days to spend
additional time on topics of the professor’s choosing, or to allow more flexibility
in the schedule. Additionally, all sections follow the same lab schedule, which
includes typical freshman labs as well as experiments implemented specifically
for students in the LC. For example, in semesters when the chemistry/policy
LC is offered, all students complete a series of water analysis labs using an
environmental water sample. These labs were specifically designed to incorporate
labs skills taught in traditional labs and include:

• Determination of phosphate concentration: Students collect visible
absorbance data and construct a calibration curve from standards
followed by analysis of the unknown.
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• Determination of metal ion concentration: Students perform EDTA
titrations of water samples; this lab includes the idea of repeating data in
triplicate and error analysis.

• Determination of water hardness, pH, etc: Students use a commercial
water analysis kit and interpret results based on provided keys.

We have also used the Learning Community model to increase the appeal
of chemistry courses for non-science majors. Belmont has a significant
undergraduate population interested in music, so we developed a learning
community of chemistry and Popular Music History, a course that can fulfill
Belmont’s fine arts requirement. Instead of an area of overlap in course content,
faculty focused on how practitioners of both disciplines affected, and were
affected by, 20th century American culture. The chemistry course covered content
typical for this type of class and used the American Chemical Society’s ‘Context
in Chemistry’ text (20). Faculty teaching the courses used a variety of methods
to help students see the importance of both disciplines. In one example, students
viewed portions of Doctor Atomic, a contemporary opera displaying the stress
and emotion leading up to the testing of the first atomic bomb. They then
wrote reflections on both the musical and scientific elements represented in the
production. Additionally, examples were chosen from the chemistry text and from
a variety of current sources such as Chemical & Engineering News to reinforce the
relevance of chemistry in society. As a final experience, student groups presented
research projects on musical and scientific influences in American Culture from
each decade in the 20th century. Topics included birth control, chemical warfare
in Vietnam, and the polio vaccine.

In a second example, chemistry for non-science majors was linked with
Economic Inquiry, a general education social science course. Students enrolled in
the courses developed an understanding of fundamentals of chemistry and basic
principles of economics while focusing on overlapping areas of content such as
the economics and chemistry of food, the pharmaceutical industry, and energy
production. This LC also included an experiential component which was a class
visit to a non-operational nuclear power facility. Through a pre-tour lecture,
hands-on demonstrations, and comments throughout a 2-hour tour, students
were able to see a practical application of nuclear chemistry as well as various
principles of economics in action. Learning about detailed specifications, down to
the exact types of bolt used and regulations on how bolts were to be tightened in
the facility as well as how much care was taken to pour each section of concrete in
the cooling towers helped students understand the costs involved in building and
maintaining a nuclear facility. The primary coolant loop, turbine, and spent fuel
rod storage pools helped students see their textbook knowledge of chemistry in
the real world. The courses culminated in student groups presenting research on
the overlap of chemistry and economics in areas such as organic food production
and marketing and the solar power industry.

Chemistry for non-science majors has also been linked with literature with a
focus on forensic science. A second link with an art experience course artistically
interpreted each element to create a 4 x 10 foot periodic table. Options for future
LCs include a biochemistry- and nutritionally-themed chemistry course paired
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with wellness (physical education) and a technology-focused course paired with
science fiction literature.

Junior Cornerstone Seminar

In the third year, Belmont students encounter their next course as part
of Belmont’s vertical curriculum, the Junior Cornerstone Seminar (JCS). JCS
courses offer faculty yet another way to engage students in their discipline.
Four principles guide faculty in the development of a disciplinary-based JCS at
Belmont University:

• All JCS courses are experiential in nature and, thus, carry an EL
designation. Faculty typically develop these courses as study abroad,
undergraduate research, community-based research, or service-learning
courses.

• JCS courses focus on real problems in the discipline and invite non-
majors to grapple with current issues in the field.

• Collaborative work is an integral part of the JCS experience; problem-
solving skills are honed through working problems in groups.

• Students further experience the discipline by communicating the results
of their work through a disciplinary-appropriate venue.

Although there are different models in which teamwork and problem-solving
can be incorporated into a JCS, many JCS faculty utilize Problem-Based Learning
(PBL). The Problem-Based Learning pedagogy has its origins in medical schools;
McMaster University (Canada) first adopted PBL over thirty years ago in an
effort to improve student learning and information retention (21). Since then,
PBL has been adopted broadly throughout all levels of education, and is seen in
K-12 as one way to address the new standards (Common Core State Standards
and New Generation Science Standards) (22). Pedagogically, PBL is the epitome
of high-impact practices (HIP) in education (1, 23). At the core of this pedagogy
are the problems themselves; problems are created based on relevant “real-world”
scenarios and serve as the drivers for learning in PBL. Problems are intentionally
complex and ambiguous such that students have to use higher level critical
thinking skills (analysis, synthesis, evaluation, and creation) to resolve them. In
working the problem, each group member is responsible for researching certain
topics and, thus, becoming the “expert” in that field. All members share, evaluate,
and expound on the groups’ research. In addition to providing a meaningful
context in which deeper learning occurs, the PBL process also provides an
environment in which students further learn the fine art of collaboration.

Elsewhere, PBL has been used with good results in courses for Chemistry
majors (24, 25); at Belmont we have also found that using Problem-Based
Learning in non-majors courses is particularly attractive as the courses can be
developed on topics that non-majors find of interest. Courses developed by our
department as Junior Cornerstone Seminars include “Your Brain on Drugs: The
Chemistry of Drugs and Addiction” and “Better Eating through Chemistry: The
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Chemistry of Food and Cooking.” As the latter course has been described in
a previous volume (26), this chapter will explore the Chemistry of Drugs and
Addiction course and will examine the integration of PBL and EL into the course.

“Your Brain on Drugs” was first offered in the spring of 2006 as part of the
new BELL Core curriculum. The course was designed around three problems;
each problem guided students in their research of the chemistry involved in drugs
and addiction and the associated societal problems. Problemswere developed such
that students started with a broad topic and, through research and discussion of the
chemistry involved, reached a problem resolution. Topics for the three problems
are noted below along with chemistry expectations for the problems.

1) Was a suitemate under the influence of a drug? A new suitemate, Bobby,
is acting strangely and you want to determine if his behavior is drug-
related. Students researched various club drugs and, as they gained an
understanding of drug-receptor binding, learned about atoms, elements,
and compounds as well as bonding and intermolecular attractive forces.

2) How to deal with chronic pain? Following a car accident, a close friend,
Abby, struggles with dealing with pain. Students explored different pain
medications and treatments to develop a healthy alternative for Abby.
In this problem, students learned about the connection between structure
and function of the anti-inflammatory and pain medications in addition
to states of matter.

3) Is the new law restricting sale of cold and allergy medications effective in
decreasing the production of methamphetamine? Students researched the
synthesis of methamphetamine, examined the possibility of restricting
other starting materials than pseudoephedrine, and investigated the
effectiveness of similar laws addressing methamphetamine synthesis in
other states.

During most classes, students conducted group sessions while faculty
provided guidance in research directions. In the group sessions, students
presented their research, discussed and analyzed the group’s research for that
day, developed new areas of research, and assigned research areas for the next
class meeting. Group assessment took place every two weeks. In the group
assessment, members gave face-to-face feedback to each other on three aspects
of collaboration: knowledge and self-directed learning, reasoning, and group and
interpersonal skills. These open conversations served to model good practices in
business communication.

Service-learning was selected as a natural EL component for this course. In
order for students to more fully appreciate the human side of addiction, the class
partnered with the Magdalene House, “a residential program for women who
have survived lives of prostitution, trafficking, addiction, and life on the streets
(27).” Students became acquainted with Magdalene women through group and
NA/AA meetings and developed service projects that enhanced the daily lives
of the residents. The service learning experience culminated in a dinner that
was planned and prepared by the class for the women. Throughout the semester
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students reflected on their experiences through writing activities, online and
in-class discussions, and authoring letters to incoming JCS students.

Chemistry Junior Cornerstone Seminar courses have proven to be very
attractive to students and are some of the first to fill during registration. In addition
to interest in the topics, students find learning through PBL to be invigorating
and relevant. As one student in the Drug and Addiction JCS noted, “After taking
this class, I would consider myself an advocate of PBL. It has given me back
my belief in education to the point that I wish I would have taken a class like
this several years ago.” Another student commented, “(PBL)…also increased my
research skills…and made me dig to a deeper level than I may have reached in
a lecture-style class.”

As mentioned previously, another version of JCS offered at Belmont is the
Chemistry of Food and Cooking. In this course, particularly, we find that the
topical nature invites deeper learning. Student comments at the end of the semester
reflect the connections they made between chemistry content, cooking, and their
own lives:

• These 3 cooking days….have helped me to understand more about the
science of food.

• My perception of science has changed….I find myself looking for
chemistry in places other than in the classroom.

• Learning the fundamentals of chemistry was great, but being able to
actually apply them to understanding how oils react, how protein can
be substituted, and other specific factors was unique and interesting.

Conclusions

Chemistry faculty at Belmont University have taken extensive advantage of
the exciting opportunities provided by our reformed general education curriculum.
Not only have we found the opportunities to teach Learning Community, Junior
Cornerstone, and Experiential Learning courses for both chemistry majors and
non-majors to be deeply rewarding and invigorating, we find that the biggest
payoff is with the students; overall, students taking these courses are much more
engaged, experience deeper learning, and form stronger communities within the
classes. Chemistry faculty continue to explore new ways to leverage Belmont’s
general education program to improve teaching and learning in our classrooms.
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Chapter 9

The Green Chemistry Commitment
Transforming Chemistry Education in Higher Education

Amy S. Cannon*,1 and Irvin J. Levy2

1Executive Director, Beyond Benign, 100 Research Drive,
Wilmington, Massachusetts 01887, United States

2Department of Chemistry, Gordon College, 255 Grapevine Road,
Wenham, Massachusetts 01984, United States
*E-mail: amy_cannon@beyondbenign.org

The Green Chemistry Commitment (GCC) is currently the
only nationwide program specifically designed to encourage,
empower, and celebrate entire departments of chemistry that
transform their curriculum through green chemistry. The GCC
challenges departments to ensure that each of their graduates is
trained in four pillars of green chemistry: Theory, Toxicology,
Laboratory Skills, and Application. The GCC is a distinctive
for an institution yet neither exclusive nor prescriptive. This
chapter presents case studies showcasing how two very different
chemistry departments (one a small undergraduate college; the
other a major research university) have implemented the GCC
at their institutions.

Introduction
Chemistry students are uniquely important as we consider the next

generation and its impact on the environment. A 2014 survey of 1,821 adults
by the Pew Research Center found that 32% of Millenials describe themselves
as environmentalists (1). Interestingly, concern for the environment has
become increasingly important during the childhood of these young adults
(2). Consequently, it is disconcerting that only one-third of those children now
self-describe as an environmentalist.

Green chemistry provides a scaffold that can inspire young people to produce
and utilize technologies that have been developed to be inherently safer for human

© 2015 American Chemical Society

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 A
ug

us
t 2

7,
 2

01
5 

| d
oi

: 1
0.

10
21

/b
k-

20
15

-1
19

3.
ch

00
9

In The Promise of Chemical Education: Addressing our Students’ Needs; Rigsby, et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2015. 



health and the environment. The appearance of multiple editions of chemistry
texts that include green chemistry and sustainability during the same period as the
Pew Research Center study indicates that faculty are actively pursuing these topics
with their students (3, 4).

While individual faculty have incorporated green chemistry into their
individual classes, laboratories, and research agendas in the past two decades (5),
more needs to be done to assure that green chemistry education becomes part
of the training of all chemistry students. The attitudinal surveys indicate that a
majority of students will not seek this training on their own; consequently, the
Green Chemistry Commitment (GCC) provides an institutional framework to
encourage this training (6). The GCC is distinctive for an institution yet neither
exclusive nor prescriptive.

Green Chemistry

Traditional methods for addressing pollution have included mitigation
controls and end-of-pipe technologies. Since the early 1990’s, it has been realized
that these technologies are not sufficient to prevent pollution and the release
of hazardous chemicals. There has been a clear shift towards preventative
technologies that address pollution at the beginning, design stages of a product
life cycle. Green chemistry has been recognized as a key aspect to these new
approaches and has proven to be central to the development of materials and
products that have reduced hazard and pollution, increased energy efficiency,
as well as numerous other benefits. Green chemistry is being adopted widely
throughout the chemical industry as a means for cost savings and enhancing
efficiency. In a 2011 report from Pike Research (7), it was reported that the green
chemistry industry will become a 100 billion dollar sector by 2020, with more
than $20 billion of the growth in the U.S. The use of green chemistry will save
the chemical industry more than $65.5 billion by 2020. In order to support this
shift in the chemical industry and advance green chemistry throughout the U.S.
and internationally a change must occur in how we are training current and next
generation scientists.

Green Chemistry has been clearly defined since 1998, when Paul Anastas
and John Warner published the book Green Chemistry: Theory and Practice
(8). Throughout the years, green chemistry has gained much attention as a
research framework, a business opportunity and a teaching tool. Green Chemistry
is the design of chemical products or processes that reduce or eliminate the
use or generation of hazardous substances. Green Chemistry principles have
been adopted by researchers and educators throughout academia, industry and
government. Despite the wide adoption of green chemistry principles, there
remains a key missing piece to a chemist’s education, that of understanding
molecular hazards and toxicology. For Green Chemistry to be successfully
integrated into research programs, both academic and industrial, the scientists
must have a mechanistic understanding of how chemicals impact human health
and the environment (9). Through this mechanistic understanding, scientists can
design molecules that have reduced hazards to human health and the environment
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and ecosystem, an approach that is the best method for pollution prevention and
avoiding the use and generation of hazardous chemicals.

In the academic year 2008–2009, U.S. colleges and universities that offered
a chemistry degree approved by the American Chemical Society (ACS) granted
14,577 bachelor’s degrees in chemistry, 1,986 master’s degrees, and 2,543
doctoral degrees. Thus more than 19,000 students were trained in chemistry in
the United States in just one year. More than 600 colleges and universities offer
ACS-approved degree programs in chemistry (10). Only one of these programs
requires classes in toxicology or environmental impacts: the University of
Massachusetts Boston’s Ph.D. program, from which two Ph.D. students graduated
in the academic year of 2008–2009 (11, 12). However, not one undergraduate
institution requires courses in toxicology or environmental impacts. Learning
about how to identify and avoid using or making toxic materials is essentially
absent from the education of chemists today. This is a key aspect to green
chemistry education.

Green Chemistry Education in the United States

Chemistry faculty have been incorporating green chemistry into chemistry
courses for a number of years and the adoption of green chemistry has been
on the rise since 1990. The early adoption of green chemistry has focused on
reducing the use of hazardous chemicals in laboratory courses such as organic
chemistry and has been catalyzed by the development of numerous resources
and professional development opportunities, such as the Greener Educational
Materials Database (GEMs) (13) and the Green Chemistry in Education
Workshop, hosted by the University of Oregon (14). Tremendous advances have
come through the development of greener and safer laboratory experiments that
demonstrate alternative means for performing reactions under safer and less
hazardous conditions. The obvious benefits include environmental, health and
safety improvements due to the reduction in the use of hazardous chemicals in
the teaching laboratory. However, the benefits include economic advantages as
well as savings in the form of reduction of hazardous waste. For example, in a
three-year pilot study at St. Olaf College, green chemistry laboratory experiments
were implemented and the synthesis laboratory course saw a 30% decrease in
hazardous waste (15). Also, new case studies show that by implementing one
green chemistry experiment within a course such as organic chemistry, savings in
purchasing and waste disposal costs can be realized (16).

In the field of green chemistry today, there is a movement towards teaching
toxicology concepts to chemistry students so that they have a mechanistic
understanding of how chemicals impact humans and the environment. Some
institutions have begun efforts to create their own courses on toxicology on their
campuses. The department of chemistry at the University of California, Berkeley
has begun a seminar series and developed a one-unit class for their chemistry
graduate students to introduce these topics (17). South Dakota State University
chemistry faculty have created a new toxicology course for their majors (18),
Simmons College runs a toxicology course for their chemistry majors (19),
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Gordon College incorporates toxicology into the junior/senior seminar program
for all undergraduate majors (20), Grand Valley State University has also used
webinars as a means to introduce topics of toxicology (21), and many other
institutions are beginning to teach toxicology concepts within their programs
and courses. Also, many more institutions have shown interest, but do not have
the resources or knowledgebase to implement a toxicology course for chemistry
majors on their campus. Through collaborations, more resources in this area are
being developed which will further enable faculty to adopt toxicology and related
topics in their courses.

The Green Chemistry Commitment

The Green Chemistry Commitment (GCC) (22) is inspired by other successful
programs that have adopted non-regulatory approaches to change, such as the
American College and University Presidents’ Climate Commitment, organized
by Second Nature (23). The Presidents’ Climate Commitment is an institutional
commitment that is taken on by Presidents of colleges and universities to bring
their campus to climate neutrality. The approach is non-regulatory and is a means
for campuses to get involved with solving the problem of global climate change.
The GCC was inspired by this program due to the pro-active approach to solving
global problems, although the GCC uses a different approach.

The GCC seeks to build on the efforts of leaders in the field of green chemistry
to systemically change chemistry education to reflect the changes in industry.
The GCC is shaped and led by an advisory board currently comprised of faculty
members from chemistry departments across the United States, representing
large and small academic institutions. The advisory board helped to shape the
GCC and provide direction for developing Green Chemistry Student Learning
Objectives. The student learning objectives were found to be a way of focusing
on what 21st century chemistry education should look like. With the recognition
that implementing the green chemistry student learning objectives will be unique
at each academic institution, this format provides flexibility within a realistic
framework for guiding change in academia.

When an academic institution signs on to the GCC, they agree that upon
graduation, chemistry majors should have proficiency in the following essential
green chemistry competencies:

• Theory: Have a working knowledge of the Twelve Principles of Green
Chemistry (8)

• Toxicology: Have an understanding of the basic principles of toxicology,
the molecular mechanisms of how chemicals affect human health and the
environment, and the resources to identify and assess molecular hazards

• Laboratory Skills: Possess the ability to assess chemical products and
processes and design greener alternatives when appropriate

• Application: Be prepared to serve society in their professional capacity
as scientists and professionals through the articulation, evaluation and
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employment of methods and chemicals that are benign for human health
and the environment

One of the four primary student-learning objectives states, “Students will
have an understanding of the principles of toxicology, the molecular mechanisms
of how chemicals affect human health and the environment, and the resources to
identify and assess molecular hazards.” As signers to the GCC, these institutions
are looking to incorporate toxicology and environmental impact in to their
undergraduate and graduate courses. Of the four green chemistry student learning
objectives, this one presents the greatest challenge to faculty and departments.

Why Toxicology? Chemists are molecular designers and work with the
fundamental building blocks that make up our industrial society. As chemists
work towards greener, safer means for creating these building blocks, our society
can realize tremendous benefits through the reduction in the use and generation of
hazardous substances. As molecular designers, chemists require knowledge about
how chemical structures and properties influence toxicity and environmental
impact. Currently this knowledge is absent from the training of a chemist. By
giving chemistry students a better understanding of how chemicals impact human
health and the environment, these students can be better prepared to design
greener, safer chemical products and processes.

The challenges of implementing the toxicology student learning objective are
complex: faculty members typically are not trained in toxicology concepts and
may lack the expertise; departments often do not have the resources to develop
and teach an additional course; there is a lack of curriculum resources to teach
toxicology concepts; along with many additional challenges to introducing a
new topic area into an already jam-packed chemistry curriculum. Despite the
challenges, there are many institutions beginning to teach these concepts, as
mentioned previously (17–21). There are also new resources and professional
development opportunities for faculty that are either under development or
already offered to the community (24, 25). There are still many obstacles to
including toxicology concepts within chemistry courses and programs, but the
path towards including these topics is becoming more clear as more resources are
becoming available.

Why the Green Chemistry Commitment?

The GCC offers an opportunity for academic institutions to unite around
common goals. Through a collective voice, the GCC’s signing institutions
can help to inspire other institutions to get involved with green chemistry and
transform their own institutions. Together, signing institutions of the GCC can
also help to influence other initiatives that affect academia, such as funding
agencies, degree program certifying institutions, and other govern-mental and
non-governmental organizations.

The GCC tracks progress to implementing green chemistry in academia using
a streamlined reporting process. Departments track past accomplishments and
map out future goals. The accomplishments of participating institutions are then
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highlighted through illustrations and case studies to inspire others to adopt green
chemistry practices.

The GCC also works collaboratively with multiple institutions through
working groups that are comprised of faculty members from both signing and
non-signing institutions.

Some Approaches for Adopting the GCC

At this writing over two dozen chemistry departments have joined the
GCC. These institutions are in various regions of the country and the institutions
themselves vary considerably. The implementation of the green chemistry student
learning objectives can look very different from institution to institution due to
the differences in curriculur mapping at those schools. However, the two case
studies presented within this chapter can offer some guidance or inspiration
for small and large academic institutions looking to adopt green chemistry at
their own institution. Faculty at GCC member institutions are also available to
discuss curriculum mapping with other departments that aspire to join the GCC.
Interested faculty can find specific contact information at the GCC website (22).

In this section wewill present case studies from two very different institutions:
Gordon College, a small private liberal arts college and University of California,
Berkeley, a very high research activity public university.

Green Chemistry at Gordon College

Gordon College is a small faith-based liberal arts college in the greater Boston
region. The chemistry department has approximately 40–50 majors in several
concentrations (Professional, Biochemistry, Health Professions, Secondary
Education). Faculty and students at Gordon College became involved in green
chemistry in the mid-2000’s, largely because of the interest of students rather
than faculty (26, 27).

Students are introduced to the “Theory” elements of the GCC throughout their
coursework at Gordon College. For example, green chemistry metrics of atom
economy (28) and E-factor (29) are presented in the first year curriculum alongside
traditional metrics such as percentage yield in a reaction. During the Organic
Chemistry year students are required to become competent in their understanding
of all 12 of the Princples of Green Chemistry. These second year students are
required to develop a significant outreach activity that decribes the concepts of
green chemistry to an external audience. This form of service learning requires
the students to develop a level of expertise that would not be mandatory for a quiz
or test. It is interesting to note that the non-chemistry majors in the courses (the
majority of students) find this major assignment to be especially compelling, rather
than an extra burden (30).

The “Toxicology” pillar of the GCC is handled at Gordon College through
guided readings and lectures on toxicology that are now part of the Junior/Senior
seminar program. Students at Gordon College are required to participate in the
seminar program for four semesters. The major themes of the seminar rotates
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on a two-year cycle. One of the four themes has been toxicology for the past
several cycles of the series. Additionally, students are introduced to toxicology
through a laboratory experiment in the organic chemistry sequence. In this
experiment, created by students at Gordon College, the effect on germination and
root elongation of lettuce seeds is used as an indicator of terrestrial ecotoxicity of
several common organic substances (31).

The “Laboratory Skills” at Gordon College require students to become
familiar with methods to find information about the substances that they are
handling. For example, students in Organic Chemistry are required to compile
GHS safety information about all substances prior to their use in the laboratory in
the same way that they were once required to merely determine molecular weight
and physical properties. Students entering the lab can reliably speak about the
hazards of the substances that they will use on a given day. Such information can
be acquired from the Safety Data Sheets (SDS) on file or through online sources
(32). Students working on research projects are challenged to find safer solvents
and conditions for their processes using various sources such as Sigma Aldrich’s
Greener Solvent Alternatives (33).

The “Applications” pillar of the GCC is the most lofty. At Gordon College
our Green Chemistry outreach program is one way that we begin to train students
to become chemists engaged in a lifetime of service to their comm-unities, broadly
imagined. Longitudinal study will be valuable to determine whether these lessons
truly have helped to develop chemists who will practice chemistry in ways that are
inherently safer for human health and the environment. One anecdotal event that
gives us cause for hope was described by a professor leading a group of physical
chemistry researchers:

“My environmental/materials science research group is not inherently
involved in green chemistry, but one of my students who is deeply steeped in the
green chemistry culture is building an offshoot project within my group that is a
greener approach to the main focus of our group right now: the optimization of
polymeric materials as photocatalytic support (34).”

Green Chemistry at the University of California, Berkeley

The College of Chemistry at the University of California, Berkeley is the #1
top-ranked school for chemistry according to U.S. News & World Report (35).
The College has a large undergraduate program, graduating roughly 40 students
per year in chemistry, 60 students in chemical biology, and 130 in chemical
engineering. The graduate program awards 70–80 Ph.D. degrees annually in
chemistry. With a large program and a large number of students, the college
has taken on a different approach to implementing green chemistry. The green
chemistry education at UC Berkeley has been catalyzed by the development of an
interdisciplinary center that spans multiple colleges and disciplines, the Berkeley
Center for Green Chemistry (BCGC). Founded in 2010, the BCGC uses an
interdisciplinary approach to green chemistry education, bringing together faculty
and students from chemistry, public health, law, business, and environmental
science. The BCGC has led change in the chemistry curriculum at UC Berkeley,
which has begun with the transforming of the introductory chemistry course
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and has also involved the development of many interdisciplinary courses and
curricula materials (36).

The “Theory” and “Laboratory Skills” elements of the GCC are carried out
at UC Berkeley through the introduction of green chemistry into new laboratory
experiments that are used in the introductory chemistry course, which is taken by
2,500 students annually. The laboratory experiments explore large technological
challenges that face our society today through a multidisciplinary lense. The
laboratory experiments include topics such as biofuels, sustainable polymers, and
acids in the environment (36). Students are introduced to sustainability and green
chemistry topics throughout the semester and are challenged to address global
problems.

The “Toxicology” pillar of the GCC is carried out in the undergraduate
curriculum by weaving concepts within the introductory courses, such as
the measuring of octanol-water partition coefficients during an introductory
chemistry laboratory experiment, an endpoint that can predict bioaccumulation
in the environment. The BCGC also offers graduate courses that delve deeper
into toxicology topics, such as a course entitled “The Basics of Toxicology for
Green Molecular Design” that focused on understanding the basic principles of
toxicology, understanding modes of action, and how to use tools and metrics to
evaluate the hazard profile of chemical substances (17).

The BCGC continues to develop new laboratory experiments and implement
them into their additional undergraduate courses, while new graduate courses have
been developed such as an ethics course that explores the challenges and ethical
considerations of implementing greener chemistry in our society (37).

A Call to Arms

“A sustainable world is one where people can escape poverty and enjoy
decent work without harming the earth’s essential ecosystems and
resources; where people can stay healthy and get the food and water they
need; where everyone can access clean energy that doesn’t contribute
to climate change; where women and girls are afforded equal rights and
equal opportunities (38).”

-United Nations Secretary-General, Ban Ki-moon

Many of the challenges outlined by the quote above are directly related to
the chemistry we use and the chemical products we create in our society. Green
chemistry is essential in minimizing impacts on humans and the environment,
while also providing the many health, technological and other benefits that
chemical products can afford. As the green chemistry field grows, we invite
other institutions to contribute unique models for teaching green chemistry topics
that can inspire even more departments and institutions to get involved. Current
actions can be taken by faculty, departments, administrators, students, and other
interested partners.
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At this time the GCC is the only nationwide program specifically designed to
encourage, empower, and celebrate entire departments of chemistry that transform
their curriculum through green chemistry. The institutions that have begun this
transformation have benefitted in many ways, some tangible and others that are
intangible, by their participation in the GCC. Individual faculty who were lone
proponents now possess a tool to encourage the others in their departments to
follow their lead. Departments themselves now possess a process to encourage
continual improvement in their asymptotic incorporation of green chemistry into
all of the work in their department. Further, departments have a way of promoting
themselves with prospective students as well improving their visibility with
administrators who have previously found chemistry to be inac-cessible to the
layperson.

And most importantly, the Green Chemistry Commitment is a pledge to
our students that they will be trained in the most responsible way as they learn
to control and describe the molecular species that will be inherently safer for
themselves and their communities.

Joining the Green Chemistry Commitment is literally a transformative step
that, given time, can lead to the ultimate goal of practioners in the field – the
elimination of the adjective “green” from green chemistry. Indeed, one day, it is
hoped, the chemical enterprise will look to the 12 Principles of Green Chemistry
as the standard. GCC institutions will lead the way toward that ultimate goal of
improved chemistry education for all of our students.
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“what to post“ instructions, 68t

P

PSI4 education, 88
Creative Commons Attribution-
NonCommercial 4.0 International
License, 89

Mac OS X operating system, 88
open source lab manual, 89
symmetry-adapted perturbation theory
(SAPT), 89

web server, 88

W

WebMO website, 90
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Build Molecule window, 93, 94f
Configure Job window, 95f
GUI interface, 93
horsehead nebula laboratory exercise,
92f

Job Manager window, 93f
PSI4Education website, 91f
PSI4Education website, advanced labs
section, 91f

worksheet portion, 92f
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