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Tuesday, August 3 afternoon

Symposia sessions

12:30 PM - 1:30 PM University Union, 3rd Atrium

S38: Posters — Session 2 of 3
Jeff Hepburn (Central Academy, USA)

P400: Synthesis and analysis in the organic chemistry laboratory of a small liberal
arts college

P401: Investigation of factors affecting Sn2 reaction rate by gas
chromatography/mass spectrometry analysis

P402: Measuring oxygen saturation of hemoglobin by spectrophotometry: An

Donald Estes

Deepa Perera

Lynne Divis experiment for general, organic, and biological (GOB) chemistry students

Dalal Alezi P403: Infusion critical thinking skill, causal explanation, into the practical section
of organic spectroscopy course

Ray Dudek P404: Hour long classroom exercises for student centered learning in physical

chemistry

Deborah W P405: Development and implementation of group activities in introductory
Louda biochemistry

Gene P406: Factors affecting grading consistency among teaching assistants in a
McDonald  multiple-section biochemistry laboratory course

Jamie . . N . .

Schneider P407: Teaching Organic First: Assessing curricular change

Kimberlee _

Daus P408: Say yes to

Priscilla P409: Survey of the transition metals: A descriptive inorganic chemistry

DeGeorge  laboratory
Ross Jilk P410: Teaching Organic First: Implementing an Organic first laboratory course

Deirdre P411: Photoluminescence spectroscopy: quantitative analysis of Th** by
Belle-Oudry sensitization with DTPA-pAS chelate

Samuel P412: Using —writing to teachl to i1
Pazicni mechanics

Susan P413: Rebuilding a generalist biochemistry course around core concepts rather
Rowland than heavy content: Building the big picture for a large mixed-learner cohort
Alexandra

Collins- P414: Qualitative examination of the student transition to Organic Chemistry
Webb

3\2:; Han P415: Detecting DNA strands on gold surfaces

Peter Balanda P416: A semiquantitative analysis of the effect of relative monomer
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concentrations on rate of copolymerization and copolymer composition in styrene
and methyl methacrylate bulk polymerization/copolymerization for the
undergraduate laboratory

g/l;l;rrmda P417: Using guided inquiry to teach spectroscopy in organic chemistry

Jeffrey . . L . .

Cornelius P418: Analysis of color degradation in paper and artwork using VISNIR analysis

Jeffrey P419: Analysis of atomic emission data From a Vreeland spectroscope using

Cornelius ImageJ image processing software

Sarah Porter P420:_Ant|OX|dant activity in various beverages: A quantitative analysis laboratory
experiment

P421: Bridging the gap between upper division labs via nanoparticle synthesis and

Elliott Smith their applications in solar technology
Linette P422: Managing biochemistry POGIL activities with medium-large classes in
Watkins lecture classrooms

. P423: Chemical analysis of silk fibroin proteins: Laboratory exercises for
David . L ) S )
Coleman exploring protein science suitable for undergraduate courses in biological and

organic chemistry

P400: Synthesis and analysis in the Organic Chemistry laboratory of a small liberal arts
college

Donald Estes (Yeshiva University, USA), Lea Blau (Yeshiva University, USA)

Organic chemistry is an integral part of all pre-heath curricula. Students planning careers in
health related professions must master the subject and learn the unique thought process involved
in the theory and practice of organic chemistry. Since few of our students intend on becoming
chemists, an interdisciplinary approach in the laboratory is taken. Not only are techniques,
synthesis, and characterization taught, but spectroscopy and molecular modeling are introduced
as well. NMR, IR, and UV-Visible spectroscopy are part of many of the experiments in the
laboratory curriculum. Molecular modeling often accompanies a synthesis to explain product
formation in terms of stability and structure calculations or as stand-alone exercises. Database
searches for physical and chemical properties are completed for each experiment.
Chromatography experiments, including thin layer, column, and gas-liquid chromatography are
used to characterize the products of synthesis. The concept of optical activity is illustrated in a
polarimetry activity and the issue of sustainability is demonstrated in a green chemistry
experiment. The organic chemistry laboratory is part of a renovated facility and is appreciated
and enjoyed by both students and faculty.

P401: Investigation of factors affecting Sy2 reaction rate by gas chromatography/mass
spectrometry analysis

Deepa Perera (Muskingum College, USA), Eric Schurter (Muskingum University, USA)

In the sophomore level organic chemistry course, two effects from the nucleophile
(nucleophilicity and steric factors) on Sy2 reaction rates were studied by students using the
following three reactions: 1-bromobutane and sodium methoxide in methanol; 1-bromobutane
and methanol; 1-bromobutane and sodium t-butoxide in t-butanol. Gas chromatography/mass
spectrometry (GCMS) was used to determine the relative reaction rates and to identify the
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composition of the reaction-product mixture. GC analysis of product to reactant ratio provided
information about relative reaction rates, and mass spectral analysis helped identify the products.
The rates of the same three reactions were also followed by carrying out the reactions in
methanolic AgNOs solution, and visually observing the formation rate of AgBr precipitate, and
compared with the results from the GCMS analysis. Students were then instructed to design their
own investigations to study other factors that affect Sn, reactions, and the two best-designed of
those experiments were selected to be carried out in lab. One experiment was designed to
examine the steric effects from the substrate, and the second looked at the effect of leaving
groups on the rate of Sy2 reactions.

P402: Measuring oxygen saturation of hemoglobin by spectrophotometry: An experiment
for general, organic, and biological (GOB) chemistry students

Lynne Divis (Franciscan University, USA)

Measuring percent oxygenation of hemoglobin is clinically important. A novel experiment that
simulates a pulse oximeter has been created for allied health (nursing) majors in a GOB course.
Bovine oxyhemoglobin solutions are spectrophotometrically analyzed by multi-component
analysis before and after treatment with different pHs, temperatures, and exposure to cigarette
smoke. pH (as well as partial pressure of carbon dioxide) is changed by subliming dry ice and
bubbling the resulting carbon dioxide gas through the solution. Temperature is changed using a
water bath. Cigarette smoke is obtained using a water aspirator-based smoking device. The ratio
of absorbance readings at 541 and 556 nm is calculated, and the percent oxygen saturation of
hemoglobin is interpolated from a calibration curve. After decreasing the pH, increasing the
temperature, and exposing the oxyhemoglobin to cigarette smoke, the percent oxygen saturation
decreased. Method details, resulting spectra, and percent saturation results will be presented.

P403: Infusion critical thinking skill, causal explanation, into the practical section of
organic spectroscopy course

Dalal Alezi (King Abdulaziz University, Saudia Arabia), Rihab Angawi (King Abdulaziz
University, Saudia Arabia)

Improving the quality of students' thinking should be a crucial goal in the process of education.
This paper describes infusing the critical thinking skill, causal explanation, into the practical
section of organic spectroscopy course. Stude
through answer the questions of thinking about thinking part. All students reported that causal
explanation skill helped them to better understand spectroscopy. They also learned to work
collaboratively. Applying this thinking skill into chemistry course proved that effective and
interactive learning can be achieved by transition the teaching methodology from teacher
centered to an active student centered methodology.

P404: Hour long classroom exercises for student centered learning in physical chemistry
Ray Dudek (Wittenberg University, USA)

Six exercises to be used in a first semester, physical chemistry course (typically thermodynamics
and kinetics) that promote active learning and use minimal equipment and setting up. These
exercises include lessons in: real and ideal gases, reaction enthalpies, engine efficiencies, phase
diagrams, equilibrium, and kinetics. To be presented are the details of the assignments, the
concepts learned, and the expected answers. Viewers are invited to pick up relevant hand-outs
and adapt the information to their own classrooms.
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P405: Development and implementation of group activities in introductory biochemistry
Deborah W Louda (Florida Atlantic University, USA), Donna Chamely-Wiik (Florida Atlantic
University, USA), Jerome Haky (Florida Atlantic University, USA), Evonne Rezler (Florida
Atlantic University, USA)

Project ChemBOND at Florida Atlantic University is a long-term initiative to improve student
performance and retention by revising the chemistry curriculum to incorporate conceptually-
based lectures, peer-led group activities, and interactive student learning into a variety of
undergraduate courses. BioBOND group activities for first semester biochemistry have been
developed and implemented which focus on connecting fundamental chemical properties to the
different types of biomolecules. Using models and simulations, students work in small groups
under the supervision of an advanced undergraduate leader to solve problems designed to
promote their understanding of key biochemical concepts. Activity topics include acid-base
properties of amino acids, peptide sequencing, protein conformation, and carbohydrate structure.
The format of the activities and effects on student attitudes and performance will be presented.

P406: Factors affecting grading consistency among teaching assistants in a multiple-section
biochemistry laboratory course

Gene McDonald (The University of Texas at Austin, USA)

One of the challenges in coordinating multiple-section laboratory courses is achieving uniformity
of lab report grading among teaching assistants. This is particularly true in courses requiring
formal written lab reports, where grading is unavoidably somewhat subjective. This study
examines the relative contributions of a faculty-provided grading rubric and the teaching
experience level of the teaching assistants in maximizing grading uniformity in a three-section
biochemistry laboratory course. Trends in the standard deviation of report grade averages over
several semesters suggest that TA experience is important in contributing to consistency in lab
report grading, whereas presence or absence of a standardized rubric appears to have less effect.

P407: Teaching Organic First: Assessing curricular change

Jamie Schneider (University of Wisconsin — River Falls, USA), Ross Jilk (University of
Wisconsin — River Falls, USA), Michael Kahlow (University University of Wisconsin — River
Falls, USA), Barbara Nielsen (University of Wisconsin — River Falls, USA), Magdalena Pala
(University of Wisconsin — River Falls, USA), Karl Peterson (University of Wisconsin — River
Falls, USA), Jeff Rosenthal (University of Wisconsin — River Falls, USA), David Rusterholz
(University of Wisconsin — River Falls, USA), Cory Windorff (University of Wisconsin — River
Falls, USA)

Since the Fall 2008, the Department of Chemistry at the University of Wisconsin — River Falls
has been offering an Organic First curriculum along with a traditional curriculum. The goals of
the new curriculum are to 1) improve student learning, 2) improve student retention and
progression in STEM (Science, Technology, Engineering and Mathematics) fields, and 3)
increase recruitment into the chemistry major. In evaluation of goal one, we are collecting
several types of data from students in our traditional and Organic First curriculum to compare
and contrast student growth as learners of chemistry. Our plan is to assess student learning in
both the cognitive and affective domains. Data on content knowledge, cognitive expectations for
learning chemistry, and self-concepts will be collected as students progress through both
chemistry curricula. In addition, we will also monitor other indicators such as grades,
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progression in course sequence, and declared majors or minors. In this poster, we will present
our assessment plan and preliminary data from our first two cohorts of Organic First and
traditional students.

P408: Say yes to

Kimberlee Daus (Belmont University, USA)

As students progress further in their studies within a discipline they often experience a distance

between the concepts they are learning in class and any connections to the world they daily

experience. In an effort to make these connections more transparent, sophomore organic students

were challenged to develop presentations connecting organic chemistry concepts to the First-

Year Seminar common book, Th e20l0campustheme,e* s Di | e
Paradise Lost? Student presentations themes ranged from the advantages of protein supplements

to the true cost of organic agricultural practices. This poster will present convocation details as

well as short excerpts of student presentations.

P409: Survey of the transition metals — A descriptive inorganic chemistry laboratory
Priscilla DeGeorggStephen F Austin State University, USA), Richard Langley (Stephen F
Austin State University, USA), Danica Dizon (Stephen F Austin State University, USA)

Survey of the Transition Metals is a descriptive inorganic experiment that examines the periodic
properties of transition metals. Unlike other experiments investigating these metals, this
experiment examines how each metal ion reacts with a constant set of reactants. For example,

iodide will reduce copper(ll) andiron ( I ' ') i ons but not manganese/(
would not include the unreactive manganese(ll) ion. In this experiment, it is important to include
the manganese(l1l) i on to show that it does no

experiments because it challenges students to make predictions to match their observations. The
metal ions surveyed are Y**, La®*, Ce¥*, Ti**, Ti**, Vv¥*, V¥, v* Vv**, Cr**, Cr**, Mn*, Fe?*,
Fe**, Co?*, Co®*, Ni**, Cu®*, and Zn®*. There are eighteen tests run on each metal ion. This
reaction series illustrates how transition metal chemistry changes periodically and varies with
oxidation state. Students submit a three-part lab report. The first part is an observation list,
followed by the chemical equations for all reactions. (In the reaction section, many student
misconceptions become apparent.) Finally and most importantly, each student relates his or her
observations/equations to periodicity. In the last section, the students compare how the chemical
properties vary across the transition series. Since the students do not know which ions will react,
this experiment introduces students to chemical research.

P410: Teaching Organic First: Implementing an Organic first laboratory course

Ross Jilk (University of Wisconsin — River Falls, USA), Michael Kahlow (University of
Wisconsin — River Falls, USA), Barbara Nielsen (University of Wisconsin — River Falls, USA),
Magdalena Pala (University of Wisconsin — River Falls, USA), Karl Peterson (University of
Wisconsin — River Falls, USA), David Rusterholz (University of Wisconsin — River Falls, USA),
Jamie Schneider (University of Wisconsin — River Falls, USA)

Since the Fall 2008, the Department of Chemistry at the University of Wisconsin — River Falls
has been offering an Organic First curriculum along with a traditional curriculum. The goals of
the new curriculum are to 1) improve student learning, 2) improve student retention and
progression in STEM (Science, Technology, Engineering and Mathematics) fields, and 3)
increase recruitment into the chemistry major. We have created and implemented a new lab
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course to complement the first year of our Organic First curriculum. We used this as an
opportunity to not only alter the content of the labs, but also to change the overall lab experience
for the students through the use of a number of problem based labs. The focus of the first
semester labs is the use of instrumentation (mass spectrometry, infrared spectroscopy, and
nuclear magnetic spectroscopy) in a multi-week project to identify an unknown compound. The
students present their results in a poster session to their peers and chemistry faculty. The second
semester continues this emphasis on problem based labs to build links between their classroom
knowledge and real life experience. In this poster, we will share our lab course design and
experiences.

P411: Photoluminescence spectroscopy: quantitative analysis of Th*" by sensitization with
DTPA-pAS chelate

Deirdre Belle-Oudry (University of Arizona, USA)

Luminescence spectroscopy is a topic not often included in most undergraduate quantitative
analysis courses. We have recently implemented an experiment involving the quantitative
analysis of Th*" by photoluminescence spectroscopy. Attaching a strongly absorbing ligand to
the metal ion greatly enhances the Th®" emission, as the absorbed energy is transferred from the
ligand to the terbium. The purpose of introducing this experiment at this level is to teach
fundamental concepts such as energy transfer, absorption and emission, and the basics of
fluorescence instrumentation, all within the context of quantitative analysis. This initial exposure
serves to lay the groundwork on which students build a deeper understanding of luminescence
and related topics as they progress through more advanced laboratory courses in our curriculum.

P412: Using “writing to teach” to improve conceptual understanding of quantum
mechanics

Samuel Pazicni (University of New Hampshire, USA)

Arguably one of the better ways to introduce a learner to a new concept is to permit the learner to
relate the concept to a previous knowledge base. Presented here is an original strategy that allows
students to explore the relationship between previous knowledge (every-day applications of
chemistry) and new concepts (course-based chemistry) through writing and peer instruction. We
refer to this strategy as —writing to teachl.
enrolled in an introductory physical chemistry course at the University of Michigan are able to
participate in a peer-led supplemental studio in which students engage in writing to teach
activities. In the studio, teams of students create materials for use as learning resources by their
peers in the course. Here, the implementation of writing to teach activities within this course is
detailed. Further, the effect of these activities is explored by comparing the language of exam
responses written by students who participated in the studio with those of students who did not
by having experts rank responses for explanatory language and understanding.

P413: Rebuilding a generalist biochemistry course around core concepts rather than heavy

content: Building the big picture for a large mixed-learner cohort

Susan Rowland (The University of Queensland, Australia)

The University of Queensland has recently revised the BSc, and consequently we now offer a

single, second-year, undergraduate biochemistry course. This course, BIOC2000, must service

over 500 students from almost 20 different programs of study. The students have many different
backgrounds, goal s, and abilities. This is a
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centricll cohorts of previous year gseriousn i ts fi
problems in understanding of basic chemistry concepts for many of the cohort as evidenced by

the answers to a chemical concept inventory test that we delivered to the students, and also by

the final exam results. We decided to rebuild the course around core chemical and biochemical
concepts, rather than around content, and use
curriculum. Developing student understanding of fundamental chemistry concepts and their

application to the molecules and structures of life is the primary learning objective of the new
curriculum. We surveyed over 80 working scien
biochemistry. We will present our data regarding (i) what these concepts are, (ii) how we

determined if the students understood them before the course started, (iii) how we integrated

these concepts into learning and assessment activities, and (iv) how student understanding of

these concepts changed during the course. This project provides a roadmap for generalist course

design around the fundamental guiding principles of a discipline, rather than around content. The

presentation should be useful to all course designers.

P414: Qualitative examination of the student transition to organic chemistry

Alexandra Collins-Webb (Michigan State University, USA), Ryan Sweeder (Michigan State
University, USA)

Analysis of a survey of organic chemistry stu
preparation for and transition to organic chemistry highlights common themes in the student
experience and impact on student confidence. Students in different general chemistry courses
illustrated common concerns about taking organic chemistry such as feeling ill-prepared and
being worried about memorization and their course load. Despite these common worries, data
also indicates statistical differences in student responses to confidence and preparation
corresponding with enrollment in specific general chemistry tracts. The general chemistry tracts
are differentiated by whether or not they include an organic chemistry introduction; this
introduction provides opportunity to build and emphasize conceptual connections between
inorganic and organic, leading to superior understanding of chemistry and increased confidence
in organic chemistry. Students who took general chemistry through a science-based residential
college with an incorporated organic introduction expressed less trepidation about the transition
between the courses in their written responses and were significantly more confident (before
taking organic chemistry) per composite ACT and cumulative GPA when compared to their
peers.

P415: Detecting DNA strands on gold surfaces

Nak Han Jang (Kongju National University, Korea)

| prepared gold nanoparticles and gold surface coated on mica. In addition, | prepared DNA
single strands having the order of bases that is 5-GCT-AGA-GTC-GTT-T-3"' and double strands
composed of complementarily matched order of DNA sequence with 5'-GCT-AGA-GTC-GTT-
T-3'"and 3-CGA-TCT-CAG-CAA-A-5". DNA strands of self-assembled monolayers were
successfully detected using SERS on gold nanoparticle surfaces and gold surfaces coated on
mica. DNA single and matched double strands mainly interact through 2'-Deoxycytidine(dC) and
2'-Deoxythymidine(dT) on gold surfaces. It showed a perpendicular standing or tilted orientation
relative to the gold nanoparticle surfaces whereas a planner orientation on gold surfaces on
coated on mica. In contrast, mismatched DNA double strands mainly interact through 2'-
Deoxyadenosine(dA) and 2'-Deoxyguanosine(dG) on gold surfaces, showing binding through the
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nitrogen atom of the pyrimidine ring in dA and dT. DNA strands can interact differently with
gold surfaces through matched type between bases of DNA sequence.

P416: A semiquantitative analysis of the effect of relative monomer concentrations on rate
of copolymerization and copolymer composition in styrene and methyl methacrylate bulk
polymerization/copolymerization for the undergraduate laboratory

Peter Balanda (Ferris State University, USA)

In this laboratory experiment, for a one semester survey course in organic and polymer
chemistry, students synthesize polystyrene (PS), poly(methyl methacrylate) (PMMA), and a
copolymer of the two according to an assigned monomer mole ratio. Stock solutions containing
the monomer or monomers and a free radical initiator are prepared, and distributed among
several tared test tubes for polymerization in a water bath. Polymer samples are precipitated and
harvested at predetermined times. Students plot degree of polymerization vs time. Results
provide concrete examples of inhibition, normal rate curves, the gel effect, and opens an
introductory discussion of rate effects in copolymerization. Students cast thin films of the
copolymer samples from the first precipitation in their time sequence, and examine them with
FT-IR spectroscopy in absorbance mode. Baseline corrected absorbance of the PMMA carbonyl
(ca. 1730 cm™) and the PS aromatic C—H out of plane bending (ca. 700 cm™) are compared.
Monomer ratios in the copolymers are calculated using a proportionality constant derived from
analysis of the same vibrations in a PS—PMMA blend of known composition, prepared by the
students from their polymer samples. Class results are examined in the context of controlling
copolymer composition by control of the monomer feed.

P417: Using guided inquiry to teach spectroscopy in organic chemistry

Melinda Greer (Raymond Walters College — University of Cincinnati, USA)

This poster will present an alternative approach to the traditional lecture method of teaching
spectroscopy in organic chemistry. A guided inquiry exercise was developed to aid students in
the process of interpreting carbon-13 nuclear magnetic resonance spectra. It could be easily
implemented in either a lecture or a lab course. The guided inquiry worksheet will be presented
along with observations, comments, and data collected after using it with several student groups.

P418: Analysis of color degradation in paper and artwork using VISNIR analysis

Jeffrey Cornelius (Principia College, USA), Brian Kamusinga (Principia College, USA)

A lab was written to monitor the effects of UV light on pigment and paper color. We analyzed
the changes in colors of pigments and paper when exposed to sunlight and how this can be
applied to the study of the degradation and restoration of art works. In the study, different types
of paper were exposed to direct sunlight, and the rate and state of degradation was measured
using a USB4000 VISNIR spectrometer from Ocean Optics.

P419: Analysis of atomic emission data from a Vreeland spectroscope using ImageJ image
processing software

Jeffrey Cornelius (Principia College, USA), Brian Kamusinga (Principia College, USA)
Emission spectra from a Vreeland Atomic Emission Spectroscope were recorded with a digital
camera and the spectra quantitatively analyzed using ImageJ image processing software. This
study explored how ImageJ can be used in the quantitative analysis of digital image AE spectra
produced by the Vreeland AE spectroscope. ImagelJ is a public domain, Java-based image
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processing program developed at the National Institutes of Health.

P420: Antioxidant activity in various beverages: A quantitative analysis laboratory
experiment

Sarah Porter (Longwood University, USA)

Students in a quantitative analysis course measured the antioxidant capacity of various
beverages. This project was introduced to replace traditional titration experiments in the
quantitative analysis lab. The lab was performed in a round robin format with other instrument
based labs. The Trolox equivalent antioxidant capacity (TEAC) assay was used to measure the
antioxidant activity of beverages, including wine, fruit juices, and tea. This assay works by
measuring the reduction of a radical cation by Trolox, a water soluble analogue of vitamin E.
The reduction is monitored by collecting the absorbance of a solution at 743 nm. Students were
given the general experimental details for performing the assay, and chose one of three
categories (wine, fruit juice, or tea). Students presented their results in a formal lab report. This
project introduces students to the concepts of antioxidant capacity assays, the use of UV-visible
spectroscopy for quantitative analysis, and statistical methods. Student data will be presented as
well as a discussion of updating the quantitative analysis lab experience.

P421: Bridging the gap between upper division labs via nanoparticle synthesis and their
applications in solar technology

Elliott Smith (University of Arizona, USA)

We present a recent addition to our curriculum, specifically aimed to integrate our undergraduate
inorganic synthesis and physical chemistry labs by way of expeiments in nano- and solar
thechnology. Students in the inorganic preparations laboratory prepare high-quality cadmium
selenide (CdSe) nanocrystals in a microwave reactor (based on the recent procedures by Strouse
et. al and Qu and Peng). Students are able to achieve exceptional control of particle size by
varying reaction time and growth temperature. The CdSe reaction has proven robust enough for
implementation in teaching labs, and provides students the opportunity to achieve synthetic goals
using nontraditional methods. Students in the physical chemistry laboratory then evaluate their
potential as solar cell sensitizers. Fluorescence decay curves are measured for the samples 1) in
solution and 2) upon chemical linkage to a nanoporous titanium dioxide (TiO) electrode, where
charge transfer is understood to occur from between the photoexcited nanoparticle and the TiO,
surface. Students determine an upper limit for the charge transfer rate from the difference
between the reciprocal average lifetimes, comparing the effectiveness of different particle sizes.
These experiments introduce students to solar technology and highlight the overlap between
disciplines in chemical research.

P422: Managing biochemistry POGIL activities with medium-large classes in lecture
classrooms

Linette Watkins (Texas State University — San Marcos, USA)

POGIL exercises were first introduced into the junior level Principles of Biochemistry class and
senior level Metabolism class at Texas State University—San Marcos in the Fall of 2004. At that
time, class sizes were below fifty students and Biochemistry POGIL activities were not readily
available. Since that time, there has been much change in these classes. Some, like the
availability of a Biochemistry POGIL workbook, have made POGIL implementation easier.
Others, like the increase in class sizes to nearly 90 students has made POGIL implementation
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more challenging. Management of these larger classes by a single faculty member has
necessitated the development of new skills and tools for use in the classroom. A description of
the effectiveness of these organizational tools and management skills will be provided.

P423: Chemical analysis of silk fibroin proteins: Laboratory exercises for exploring protein
science suitable for undergraduate courses in biological and organic chemistry

David Coleman (University of the Incarnate Word, USA)

Silks are composite biomaterials that form strong, flexible strands and sheets that are insoluble in
water, and are found, for example, in spider webs, moth cocoons, and man-made silks harvested
from the domesticated larva of the silk-moth Bombyx mori. Silk Fibroin Proteins are the major
component of silks, and are a class of fibrous proteins composed primarily of a simple (-GX-)
repeat, where (G) is glycine and (X) is usually alanine (65%), serine (23%) or tyrosine (9%). Silk
fibroins form stacked beta sheet structures which are responsible for the physical properties of
silk, such its exceptional strength and flexibility. Because silk fibroin can be easily purified and
converted into a water soluble form stable for several months at low T, it is a good system for
exploring protein science in undergraduate labs, in constrast to more sensitive proteins. This
work describes 3 laboratory exercises, adapted from established procedures, that are suitable for
undergraduate courses in biological and organic chemistry: 1) Purification and preparation of
soluble silk fibroin from domestic and natural cocoon silks (protein purification); 2) Analysis of
silk fibroin size and composition using electrophoretic and chromatographic methods (analytical
biochemistry) and; 3) Chemical modification and analysis of silk fibroin tyrosine residues via
diazonium coupling chemistry (synthetic organic chemistry). In addition, a computer graphics
exercise using silk fibroin to demonstrate simple protein structure is described

2:00 PM - 5:00 PM WH-310

S39: Big 10 Gen Chem Labs: Advances, Innovations, and Challenges — Part 1 of
2

Joe Keiser (The Pennsylvania State University, USA)

This symposium will provide information regarding the current state of the general chemistry
labs at universities in the Big 10 Conference. It will be relevant to general chemistry lab
programs at any large, research oriented chemistry departments, and potentially to smaller
programs also.

2:20 introduction
2:25 Chad C. P424: Grading for the masses: Getting 100 TAs on the same page
"7 Wilkinson ' g ' g Pag
_,— Michelle ) . .
2:45 Driessen P426: Use of laboratory notebooks in a large general chemistry lab
3:05 Jesse Miller P427: Streamlining labs: Serving more with less
3:25 break
3:40 Shelby Hatch P428: Connecting the data: Making general chemistry labs relevant
.~n Matthew P429: Modernizing the general chemistry laboratory at The Ohio State
4:00 U
Stoltzfus University
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P425: Grading for the masses: Getting 100 TAs on the same page

Chad C. Wilkinson (University of Wisconsin —Madison USA), Justin M. Shorb (University of
Wisconsin — Madison USA)

Getting large numbers of teaching assistants to grade in a way that is meaningful and effective
can be challenging. A grading system that is easy to interpret and apply, along with intuitive
grading criteria, is essential for consistency among teaching assistants and their timeliness in
completing the grading process. This presentation will examine the grading system in use for the
general chemistry laboratories at the University of Wisconsin - Madison, the advantages such a
system provides, and its evolution as it continues to address common concerns and pitfalls.

P426: Use of laboratory notebooks in a large general chemistry lab

Michelle Driessen (University of Minnesota, USA)

Until this year, U of MN Gener al Chemistry |
Students would come into lab with their manual containing the experimental procedure and

premade data/worksheets. While this made it easy for the TAs to find specific answers and

calculations for grading, | believe that it discouraged students from preparing for, or thinking

about, what was i mportant in the experiment.
use of laboratory notebooks is now complete. The advantages of the lab notebook system will be

discussed, as well as a more flexible grading scheme. While the lab notebooks have been

successful, our current use of laptop computers in the lab have not produced the desired

outcome. Experimental difficulties and student frustration associated with the use of laptops will

be discussed.

P427: Streamlining labs: Serving more with less

Jesse Miller (University of Illinois Urbana-Champaign, USA)

Budget cuts coupled with increased student enrollment have forced Illinois to rethink how we
run our general chemistry labs. Fewer teaching assistants, both grad and undergrad, necessitate
larger teaching loads on them. A reduction in lab staff presents logistical problems in lab
preparation. In order to alleviate some of these problems we have implemented many changes
and are considering many others. Among these changes are: electronic pre and post lab quizzes,
electronic submission of lab reports, on-line safety lectures and lab lectures, reorganizing our
prep rooms, eliminating equipment drawers, and improving our interactive video labs to
supplement in-lab instruction. I will discuss in detail how and why we have implemented these
changes, what has worked, what has not worked. I will also discuss where we would like to go in
the future and show an example of where we are headed in interactive video labs/ virtual labs.

P428: Connecting the data: Making general chemistry labs relevant

Shelby Hatch (Northwestern University, USA)

The general chemistry laboratory is often the first encounter students have with performing

scientific experiments. They collect their own data, but often do not understand the connection to

data being collected by others, course material, or to actual science. This presentation will focus

on one Northwestern University general chemistry laboratory module—The Seaweed Project—

to demonstrate how we are using a combination of technology (Google Apps), sophisticated
instrumentation (Varian ICP-OES), a writing assignment (ACS style research paper), and the
students® own design experiment to overcome
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P429: Modernizing the general chemistry laboratory at The Ohio State University

Matthew Stoltzfus (The Ohio State University, USA)

Although the shortcomings inherent to expository-based laboratory instruction have been known
for decades, such laboratory experiences remain the norm in Chemistry departments nationwide.
The | ogistical strengths of —cookbookl | abs
concerns, with curricular inertia also playing a role. Fortunately, many chemical educators are
seeking alternatives to expository laboratory experiments in an effort to foster student
engagement and critical thinking, inter alia. The Ohio State University (OSU), as a lead
institution in the Research Experiences to Enhance Learning (REEL) program, has been actively
improving introductory chemistry laboratory experiences by including authentic in-class research
in general, organic, and analytical courses. Although REEL courses at OSU enroll a very large
number of student each year (n~1000), the number of students in non-REEL chemistry courses is
larger still. This presentation considers how REEL is changing laboratory instruction at OSU in
these non-REEL courses by designing new student-centered laboratory experiences, working to
construct a new laboratory manual, etc. The challenges and successes accompanying such
sweeping changes will also be discussed.

2:00 PM - 5:00 PM WH-119

S42: Center for Workshops in the Chemical Sciences (CWCS) - Part 2

Patricia Hill (Millersville University, USA), Lawrence KaplarfWilliams College, USA)

The Center for Workshops in the Chemical Sciences (CWCS) conducts workshops primarily for
college and university faculty. The workshops are designed to provide a background of key areas
of the chemical sciences along with pedagogical methods to introduce the topics into the
undergraduate curriculum. In addition, CWCS develops Communities of Scholars in topical
areas derived from workshop activities for the adaptation, implementation and development of
high-quality course content and pedagogy, and the propagation of the use of successful teaching
strategies. This symposium will include presentations concerning all aspects of the CWCS
program including an overview of the workshop program, the content and scope of individual
workshops, and the impact participation in the workshop program has had on the ability of
workshop alumni to develop new pedagogical material. The CWCS is supported by the NSF,
DUE, CCLI Program (DUE-0618678).

2:00 introduction
2:05 Patricia Hill ~ P429: Chemistry, art, and cultural diversity
2:25 Jeffrey P430: Teaching chemistry in art in London

Fieberg

P431: Impact of the Advanced Chemistry and Art workshop: Results from

2:45 Nathan Bower et year

3:05 g)ient])g:]ah P432: Jewelry making as a pathway to fundamental chemical concepts
3:25 break
Erich P433: CWCS chemistry in art workshops and advanced workshops: Using
3:40 materials to enhance laboratory course components and to obtain NSF MRI
Uffelman funding
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~~ Carol Ann ) ) . .
4:00 Miderski P434: Labs of many colors: Explorations with natural dyes
4:20 Gopal P435: Comprehensive proteomic experience at undergraduate laboratory
Periyannan

P436: Biochemical laboratory experiments inspired by the 2004 Molecular

4:40 Wendi David Genetics and Protein Structure and Function Workshop

P429: Chemistry, art, and cultural diversity

Patricia Hill (Millersville University , USA), Deberah Simon (Whitman College, USA)

Typically chemistry classes provide few opportunities to address issues of cultural diversity.

However, in courses that combine the study of science and art, diverse cultural heritages can be

examined from both perspectives giving students a better understanding of the meaning of being

human. This presentation will offer several examples of assignments and laboratory activities,

whi ch weave together the study of artists‘ mat
role of art in cultural identity and cultural issues in modern society.

P430: Teaching chemistry in art in London

Jeffrey Fieberg (Centre College, USA)

During spring semester 2010, Chemistry in Art was taught to 20 Centre College students in
London, England. The materials, resources, and co-directors from the NSF CWCS on Chemistry
in Art were invaluable in preparing this course. Several museums and conservation studios,
including the National Gallery, Tate, and the Victoria and Albert were extensively used. The
logistics and special opportunities for teaching a chemistry in art course abroad will be
discussed.

P431: Impact of the Advanced Chemistry and Art workshop: Results from the first year
Nathan Bower (Colorado College, USA), Patricia Hill (Millersville University, USA), Anthony
Lagalante (Villanova University, USA), Amanda Norbutus (University of Delaware, USA)

June 2009 saw the first offering of the CWCS Advanced Chemistry and Art workshop at
Villanova University. The authors of this presentation co-taught the workshop to 16 faculty from
colleges and universities across the country, all of whom had taken the CWCS Introductory Art
and Chemistry workshop. Thus, a cadre of faculty with many similar interests and courses were
brought together to informally share course syllabi, laboratory methodology, and collaborative
research projects they had developed since their first Chemistry and Art workshop. Developing
the advanced workshop materials fostered collaborative projects among the co-authors and the
attendees, resulting in peer-reviewed publications. It also initiated the use of an on-line shared
filing system and enhanced web presence on both the CWCS website and Facebook. A second
offering of the workshop is taking place in June 2010 that will incorporate improvements in
response to an assessment of the 2009 worksho
on-going projects and professional research outcomes will be presented as evidence of a healthy
and growing teacher/scholar community in Art Chemistry.

P432: Jewelry making as a pathway to fundamental chemical concepts

Deberah Simon (Whitman College, USA), Patricia Hill (Millersville University, USA)

Making chemistry relevant to students can be a challenge, particularly in introductory or non-
major classes. The need to cover the basics can overwhelm the curriculum, leading to an endless
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list of seemingly unrelated topics. Tapping into an intrinsically interesting subject as a focus for
the class can tie these disparate elements together. Using jewelry making techniques and
materials as a focus ties into the fundamental human drive for adornment and the intrinsic appeal
of handling and making a thing of beauty. This presentation will show how fundamental
chemical concepts can be taught using a wide variety of jewelry making techniques. Examples of
the jewelry produced and typical assignments will also be shown.

P433: CWCS chemistry in art workshops and advanced workshops: Using materials to
enhance laboratory course components and to obtain NSF MRI funding

Erich Uffelman (Washington and Lee University, USA)

Two linked courses involving the conservation science and art history of 17th-century Dutch
painting have been taught at Washington and Lee University since 1999. The courses are very
intense, and have included a study abroad component in The Netherlands since 2005. Uffelman
has assisted Patricia Hill and Michael Henchman with their CWCS Chemistry in Art workshops
since 2005. Influenced by the content of those workshops, and having more students involved
with conservation science internships at other facilities (such as ICN in Amsterdam), he
participated as a user in the first CWCS Advanced Chemistry in Art Workshop in 2009 as a
means to get more hands-on experience with equipment necessary for research. For instance,
prior to the 2009 workshop, W&L had outstanding NMR and MS capability, but the SEM was
aging and no nondestructive equipment was available. After the 2009 Advanced Workshop,
Uffelman recruited a W&L Anthropology professor and three University Curators to write an
NSF MRI proposal to obtain nondestructive instrumentation (a portable XRF, a digital InGaAs
IR camera, and a boom-mounted stereomicroscope with a digital camera). The proposal was
funded. The talk will briefly discuss the W&L courses, the W&L collection of art and historical
objects, the CWCS workshops, and how the successful NSF MRI grant was assembled.
Hopefully, the description of this process will be useful to others seeking funding.

P434: Labs of many colors: Explorations with natural dyes

Carol Ann Miderski (Catawba College, USA)

As the public becomes increasingly interested
interest in using natural materials for coloring fabrics is increasing. Many historically important
dyestuffs have very interesting chemistry that can be explored at a variety of levels in an
educational setting with the added benefit of a take-home product. The dyeing process involves
interactions between a protein or cellulosic fiber and a dye molecule that can be enhanced by the
presence of metal salts acting as mordants. The metal ions and pH have easily visible effects on
the color intensity and hue. Experiments will be discussed that utilize UV-Vis spectroscopy, IR
spectroscopy, thin layer chromatography, column chromatography, and HPLC. Public outreach
events involving natural dye activities will also be described.

P435: Comprehensive proteomic experience at undergraduate laboratory

Gopal Periyannan (Eastern Illinois University, USA)

A continuous change in the biosciences laboratory curriculum is necessary to accommodate the
rapid technological advances observed in the bioscience fields. Developing student experiences
with advanced biotechnology techniques and instrumentation can be difficult to implement into
the undergraduate biochemistry curriculum, but the benefit of reinforcing the fundamentals with
hands-on experience is worth the time and effort. We have successfully introduced two-
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dimensional gel (2D-Gel) electrophoresis and mass spectrometry based proteomic techniques in
our biochemistry laboratory course to analyze differential protein expression in bacteria under
three different conditions of culture media. WeusedBio-Rad‘* s PROTEAN -1 EF Cel |
Protean gels and Tetra Cell to teach proteomic concepts and provide hands-on experiences in all
aspects involved in the generation of 2D-Gels in a cost-effective manner. We complemented our
proteomics experience by visiting the proteomic facility of the Biotechnology Center at the
University of Illinois at Champaign-Urbana to obtain first-hand experience on gel analysis, spot
picking and mass spectrometry and database analysis. Student feedback on the overall
experience indicate their appreciation to learn modern techniques. This exercise exemplifies the
feasibility of implementing advanced biotechnology experiments at undergraduate institutions
with the collaboration of a nearby research facility at a moderate cost. This unique opportunity
provides students a laboratory experience that is otherwise not feasible at many primarily
undergraduate institutions.

P436: Biochemical laboratory experiments inspired by the 2004 Molecular Genetics and
Protein Structure and Function Workshop

Wendi David (Texas State University, USA)

Biochemistry majors and minors at Texas State undergo their initial biochemical laboratory
experience after completing one lecture course in biochemistry. This introductory biochemistry
laboratory has undergone several revisions since its implementation, one of which resulted from
experience gained at the 2004 Molecular Genetics and Protein Structure and Function Workshop,
sponsored by CWCS. New experiments introduced into the curriculum as a result of the
workshop include an experiment utilizing spectroscopy to probe structure and a molecular
visualization experiment. The first experiment uses spectroscopy to follow protein and DNA
structural changes resulting from exposure to denaturants, allowing students to gain familiarity
with spectroscopy as well as the handling of protein and DNA solutions. Addition of technology
into the course through molecular visualization is also beneficial for further understanding the
role of tertiary structure in proteins. The implementation and impact of these experiments on the
biochemistry laboratory experience at Texas State will be discussed as well as the impact of the
workshop on the faculty involved.

2:00 PM - 5:00 PM U-413

S43: Chemical Education Around the World — Part 2 of 3

John Kotz (SUNY, USA)

Advances in chemical education occur throughout the world, especially now that we are so
interconnected. We invite submissions on innovative programs and on approaches to education
of students and teachers in other nations, particularly in the developing world. A portion of the
symposium will also be devoted to the International Chemistry Olympiad program.

2:00 introduction
2:05 Peter Childs P437: Chemical education in Ireland: strengths and weaknesses

Pong K.
Yuen

2:45 David Salter P439: Reforming chemistry education in New Zealand
3:05 Gwen P440: Translating an undergraduate research experience from American into

2:25 P438: An overview of Macau's secondary chemistry education
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Lawrie Australian!
3:25 break
3:40 Jodye Selco P441: Chemistry education in Eastern Equitorial Africa

.An Marié du P442: Can science centers support or improve chemistry education in South
4:00 - . .

Toit Africa?

P437: Chemical education in Ireland: strengths and weaknesses

Peter Childs (University of Limerick, Ireland), Maria Sheehan (University of Limerick, Ireland)
This talk reviews chemical education in Ireland, particularly at second level. The take-up of
science, the curriculum, the role of practical work, gender balance in science, and the initial
training and continuing professional development (CPD) of teachers is considered. Chemical
education in Ireland has recently been reviewed (Childs, 2010). Science is now part of the
Primary curriculum in Ireland but only since 2003. At age 12 pupils transfer to the three year
junior cycle of second level, where Science is one of the subjects offered. It is a general course
containing Biology, Chemistry and Physics. Science is not compulsory and is taken by ~90% of
pupils, with more boys than girls taking science. This is the only science course where practical
work is assessed. There is an optional Transition Year between junior and senior cycle. Junior
Science leads to 5 Leaving Certificate subjects in the two year senior cycle: Agricultural Science,
Biology, Chemistry, Physics and Physics with Chemistry. Each is offered at Higher and Ordinary
level. ~80% of Irish pupils proceed to the senior cycle and in 2008 over 60% went on to higher
education. Biology is the dominant science subject, and is about three times as popular as
Chemistry and Physics. The three main sciences include specified mandatory experiments but no
practical assessment. Irish schools are under-resourced in laboratories and equipment, and few
schools have laboratory technicians. Recent spending cutbacks in Ireland, due to the recession,
have affected the sciences, particularly in the area of CPD.

P438: An overview of Macau's secondary chemistry education

Pong K. Yuen (University of Macau, China), Cheng Man Diana Lau (University of Macau,
China)

Both education and chemistry are important subject areas which have a strong impact on our
everyday life. Chemistry education is a field which connects them. Currently Macau is
undergoing a series of education reforms. Nevertheless, the development of chemistry education
is rarely discussed and researched. This paper studies the development of chemistry education in
Macau's secondary schools. It analyzes the characteristics of its curriculum and explores the
relationship between its objectives and contents.

P439: Reforming chemistry education in New Zealand

David Salter (The University of Auckland, New Zealand)

Following an extensive revision and rewrite of the previous national curriculum statement, the

latest New Zealand Curriculum was released in November 2007 for mandatory implementation

by 2010. This outcomes-focused curriculum contains sets of achievement objectives that specify

the key concepts and skills regarded as essential for students at each level of schooling. The
chemistry component of this curriculum was

de

met aphor for understanding chemistryl as the

New Zealand Curriculum (2007) was a review of the assessment criteria used for senior
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secondary students. The review of these —achi
alignment with the latest curriculum was contracted to national subject associations.

Consequently, the chair of the Chemistry Education group of the New Zealand Institute of

Chemistry assumed a leading role in the development of new achievement standards for

chemistry. This presentation outlines aspects of the development of the chemistry strand in The

New Zealand Curriculum (2007) and the changes in the content of the associated chemistry

achievement standards that arose due to the review process.

P440: Translating an undergraduate research experience from American into Australian!
Gwen Lawrie (The University of Queensland, Australia)

We have recently completed an implementation of a US-originated undergraduate research
experience (URE) into the parallel context of a large research intensive Australian tertiary
institution. This process was successful due to the collaborative partnership between the Weaver
group at Purdue University and the 1st year teaching team at The University of Queensland. All
indicators of the success of the program such as: student engagement; awareness of the nature of
science; greater independence and shifts in perception of the role of an experiment in learning
were observed. These paralleled the outcomes that had been reported from implementation of
CASPIE modules in US tertiary institutions. However, during the assessment of the efficacy of
the intervention in the Australian context, a number of insights into the ways that students
engage in this type of learning experience reflected the sociocultural contexts of students in
different countries. These factors will be discussed in terms of the adaptations that are required to
address the international translation of rese

P441: Chemistry education in Eastern Equitorial Africa

Jodye Selco (Cal Poly Pomona, USA)

Chemistry has been taught by "dictation" in the ex-British colonies of Kenya, Zambia, and
Uganda for decades. Recently, there is a desire to change the way chemistry is taught to make
use of native materials that are readily available and less expensive so that students can perform
hands-on experiments.

P442: Can science centers support or improve chemistry education in South Africa?

Marié du Toit (North-West University, SA, South Africa)

The TRANSNET project was initiated to support scientific human resource development in the
respective provinces, by assisting in the improvement of the quality of Physics and Chemistry
education, as there is currently a nationwide concern about science teaching in South Africa.
TRANSNET sponsored a project of four science centres in deep rural areas in SA. Each centre is
run and organized by local science teachers. The centres are equipped with both Physics and
Chemistry apparatus as resources for learners from schools in the vicinity, with the purpose of
creating extended learning opportunities. Intensive training workshops were run in Physics and
Chemistry. For all the Chemistry workshops the MYLAB Small Scale Chemistry kit were used
together with the appropriate worksheets. The basis of effective science development is the belief
that students and their teachers learn science best by doing science, by investigating for
themselves and by building their own understanding. The study used interpretive methodology
and mainly qualitative analysis. The data was collected through worksheet analysis, personal
interviews and email correspondence. During workshops several challenges were confirmed,
namely: under-skilled teachers, infra-structure problems, as well as logistical problems such as
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transport, availability of project leaders and travel distances. Continuous guidance and support
from the organizers and the academic support group will be the key factors in the success of the
project.

2:00 PM - 5:00 PM WH-312

S40: Clickers: From Classroom Practice to Research Tool — Part 1

Daniel King (Drexel University, USA)

Clickers (or personal response systems, polling systems, etc.) have been increasingly used in
classrooms of all sizes and at institutions of all sizes. The real-time feedback and classroom
anonymity make these devices a powerful pedagogical tool to increase student engagement in the
classroom. Increasingly, clickers are being used as a research tool to investigate student learning.
Presentations are requested from clicker users at all levels, from the first-time user to the
chemical education researcher. Presenters are particularly encouraged to provide data regarding
the effectiveness of the devices, where possible. Presentations are welcome to describe clicker
use in all courses, including large enrollment introductory level courses and small enrollment
upper (and lower) level courses.

2:00 introduction

2:05 William Donovan P443: Six years of clickers: From novelty to ubiquity

2:25 Gary Cabirac P444: Use of clickers in large enrollment general chemistry classes

2:45 Alton Banks P445: Clickers in a non-science majors course

305 Mqrgaret P446: Clickers in organic chemistry: Impact on student learning and
Asirvatham course mastery

3:25 break

3:40 Rosio DeLeon P447: Clickers can cause complacency

P448: Clickers and classroom engagement: Comparing 1st year and 3rd
year chemistry classrooms

4:20 discussion

4:00 Brett McCollum

P443: Six years of clickers: From novelty to ubiquity

William Donovan (The University of Akron, USA)

Since 2004 our department has used clickers in more and more courses, with clickers
transforming from a novel tool to a ubiquitous classroom accessory. This paper will discuss the
implementation of clickers and our findings pertaining to attendance, student attitudes, student
learning, and faculty feedback. The paper will also address issues we encountered and things we
wish we'd known beforehand.

P444: Use of clickers in large enrollment general chemistry classes

Gary Cabirac (Arizona State University, USA)

The General Chemistry program at Arizona State University has recently implemented the use of
student response systems in some of the large enrollment courses. While no prospective studies
have been done to date, we will present survey results obtained from students that have taken
their first semester general chemistry course without clickers and the second semester course
using clickers.
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P445: Clickers in a non-science majors course

Alton Banks (North Carolina State University, USA)

The paper will describe the use of PRS in "Chemistry & Society"-an introductory course for non-
science students typically enrolling 150-200 students/semester.

P446: Clickers in organic chemistry: Impact on student learning and course mastery
Margaret Asirvatham (University of Colorado — Boulder, USA)

Clickers can enhance interactivity and student learning in the highly dreaded sophomore organic
chemistry course. Novices learn to process information like an organic chemist while reviewing,
reinforcing, and integrating basic general chemistry concepts. We will examine the effects of
active engagement on motivation and student attitudes towards learning.

P447: Clickers can cause complacency

Rosio DeLeon (University of Texas at EI Paso, USA), Johnathan Abou-Fadel (University of

Texas at El Paso, USA), James E. Becvar (University of Texas at EI Paso, USA), Mahesh

Narayan (University of Texas at El Paso, USA)

Many educators use clickers to spur interest or to take attendance; some believe they are

measuring student understanding of concepts using clickers. Clickers are supposed to promote

active learning, but do they really? Without careful integration, clickers can undermine, if not

degrade, classroom learning; clickers can give a sense of complacency in the minds of both

instructor and student. We report observations taken in two classrooms at the University of

Texas at El Paso; one of 400 students and one chemistry class of 120 students. Proxy students

can click _present*® for absent friends. A sli
provides plagiarized results. After the announced clicker results, the classroom environment

often becomes chaotic decreasing the time for learning to take place. The lecturer interprets large
percentages of correct responses aunfounded, udent
short term, apparent _success'’

P448: Clickers and classroom engagement: Comparing 1st year and 3rd year chemistry
classrooms

Brett McCollum (Mount Royal University, Canada)

Clickers can be used to assess student understanding, to provide feedback to both instructor and
student, to enhance classroom engagement, and to evaluate student satisfaction. In this study
students were provided partial lecture notes and then clickers were used in conjunction with daily
assigned questions and written pop-quizzes to encourage greater student participation in the
learning process. Originally designed for 3rd year chemistry classrooms of 30 students, it was
found that adjustments were required for this method to also be successful in 1st year classes of
50 students. Some of the changes to clicker questions necessary to maintain classroom
engagement with 1st year students include appropriate phrasing, frequency and number, and
allotted polling time. Motivating first-semester students to work on assigned questions between
classes was particularly challenging. Consistently using clickers and regular pop-quizzes to
measure study-habits delivered some success. Students were queried for instructor-initiated
methods that could further improve homework performance. Select suggestions were attempted
and the results will be discussed. Finally, students were asked to evaluate both their personal
performance and this teaching method (including the manner in which clickers were used) at
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mid-semester and at end of termusingth e cl i cker system‘s anonymous

2:00 PM - 5:00 PM ESSC-255

S27: Communicating Chemistry: Demonstrations in the Classroom and Beyond
—Part2 of 2

Bassam Shakhashiri (University of Wisconsin — Madison, USA)

The purpose of this symposium is to share a range of views regarding the use of chemical
demonstrations in classrooms and in other settings and to spark interest in old and new
demonstrations. Learner attitudes can be influenced by watching teachers do experiments in
classroom settings. Lecture demonstrations help focus students' attention on chemical behavior
and properties, and increase students' awareness and knowledge of chemistry. To approach
demonstrations simply as a chance to impress students with the "magic" of chemistry is to fail to
appreciate the opportunity they provide to teach scientific concepts. Lecture experiments
generally involve more student participation through greater reliance on "what if" questions and
suggestions from students as the teacher manipulates the chemical system. In principle and in
practice, every lecture demonstration conveys the teacher's attitudes about the experimental basis
of chemistry, and through them teachers can motivate their students to conduct further
experimentation and lead them to understand the interplay between theory and experiment.
Lecture demonstrations should not, of course, be considered a substitute for laboratory
experiments, where students work directly with chemicals and equipment at their own pace and
make their own discoveries. Demonstrations presented in public settings and through print and
electronic media will be discussed.

2:20 introduction
2:25 Mary Bojan I;;A\f/i?: Demonstrations: Introduction to what is happening on a molecular
- Joel ) .
2:45 P450: Demos for informal educators
Rosenberg
3:05 Stacey P451: Engaging the non-science major in interactive chemical
"~ Brydges demonstrations
3:25 break

P452: Aqueous iron (I11) complexes: A demonstration of the
spectrochemical series

P453: Teaching chemical demonstrations: A graduate course for high school
teachers

4:20 discussion

3:40 Jennifer Imel

4:00 Jennifer Imel

P449: Demonstrations: Introduction to what is happening on a molecular level

Mary Bojan (The Pennsylvania State University, USA), Philip Stemple (The Pennsylvania State
University, USA)

A demonstration can be an effective way to introduce a new topic and spark interest! And like a

picture, it can —speakl a thousand words! We
do at the beginning of General Chemistry 1 and 2. This surprising and memorable demonstration
gets the student s attention making them want
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the same demonstration, it is used to introduce entirely different topics and the concepts
illustrated are important points, so that a great deal is accomplished in a few short minutes. This
paper will report on this simple demonstration (the combustion of different gases) that can be
used in multiple ways as an introductory demonstration. We will also show how we get students
to actively participate: by making observations and contributing to the interpretation of the
results. In the first semester General Chemistry class, the demonstration is used as an
introduction to the scientific method and to demonstrate the role of chemistry as a way to make
connections between macroscopic properties (what we can see) and atomic properties (what we
cannot see). In the second semester chemistry course the same experiment (but slightly modified)
is used to introduce kinetics. This time it is used to illustrate the difference between
thermodynamics and kinetics in a chemical reaction. Both demonstrations help students make
connections between what they observe and what is happening on a molecular level.

P450: Demos for informal educators

Joel Rosenberg (University of California — Berkeley, USA)

Most museums don't have interactive chemistry exhibits or lab spaces because they're tough to
create and maintain. Yet even demos are underrepresented in museums, in part because there are
multiple barriers for novice educators to get started. Barriers include knowing how to buy, store,
and properly dispose of chemicals and equipment. Even expert demonstrators have the challenge
of finding relevant and safe demos that can help them get beyond "magic" to convey larger
narratives and big ideas. The SMILE (Science and Math Informal Learning Educators) Pathway
(howtosmile.org) of the National Science Digital Library (nsdl.org) is a new Web tool for
informal educators. SMILE has received a grant from the Dreyfus Foundation to help lower the
barriers for educators who want to do chemistry (demos and also labs) in informal spaces.
Advisors include the U.C. Berkeley College of Chemistry, and George Gilbert from JCE's Tested
Demonstrations in Chemistry. Discussion will revolve around the community aspects of SMILE,
the specific customizations being added for chemistry, and the opportunity for further
development. The relationship between SMILE and the JCE Digital Library DigiDemos
collection (also part of NSDL) will be addressed. Even though SMILE's focus is on informal
educators in museums, afterschool programs, and homeschoolers, many of its features and
resources should also be valuable to K-12 and college educators.

P451: Engaging the non-science major in interactive chemical demonstrations

Stacey Brydges (University of California — San Diego, USA)

Interactive, student-l ed demonstrations were used to infus
traditional, lecture-based general education course in chemistry for non-science majors. Working

in teams, more than 400 students planned and presented in discussion sections a visual

illustration of a chemical concept. Students were encouraged to use readily available,

inexpensive, and safe materials, to practice the predict-observe-explain technique as a way of

engaging their peers, and to make connections to chemistry in everyday life. Overall, the
demonstration format was intended to cultivat
and communication skills. A guest lecture on exhibit development and design by a science

museum professional, the regular use of lecture demonstrations by the course instructor, and the
support of graduate teaching assistaont's hel pe
science experience.
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P452: Aqueous iron (111) complexes: A demonstration of the spectrochemical series
Jennifer Imel (University of Kentucky, USA), Fitzgerald Bramwell (University of Kentucky,
USA)

We present a lecture demonstration aimed at high school though upper-division college courses
that offers students a qualitative illustration of the spectrochemical series for octahedral iron (I11)
complexes. Spectrochemical series demonstrations are often colorful eye catchers that can draw
student attention to the topic and increase understanding of fundamental chemical principles of
molecular orbitals, crystal field theory, and ligand field theory. Riordan et al. present useful and
eye-catching laboratory preparations for the qualitative investigation of the spectrochemical
series in octahedral cobalt (111) complexes.1 We have adapted these laboratory protocols to yield
an effective and a significantly less expensive demonstration to illustrate principles of the
spectrochemical series. In our demonstration, four complex ion solutions are formed from iron
(1) nitrate nonahydrate using water, ethylene glycol, acetate ion, and thiocyanate ion as ligands
and follows the procedure developed by Hutchison.2 The colors of the complex ion solutions are
yellow, orange, red, and crimson, respectively. This demonstration presents a clear visual that
allows students to make connections between the color of a complex and whether it corresponds
to a strong field or weak field lIigand.
be created from the solutions using test tubes and a test tube rack. This display can be kept for a
number of weeks so that many students can observe the product of the demonstration long after it
has been completed

P453: Teaching chemical demonstrations: A graduate course for high school teachers
Jennifer ImelUniversity of Kentucky, USA), Daniel Tofan (Eastern Kentucky University,
USA), Fitzgerald Bramwell (University of Kentucky, USA), Scott Townsend (Eastern Kentucky
University, USA)

Chemical demonstrations are a powerful way of enhancing the presentation of chemical concepts
to introductory students. A plethora of resources exists on how to safely perform demonstrations,
and what the chemistry behind them is. At Eastern Kentucky University, we developed a
graduate level course (CHE 845) whose purpose is to teach students how to choose and perform
demonstrations, as well as how to use them to explain concepts rather than simply for their
"wow" effect. Pre- and post- assessments were developed in order to help convey the message of
each demonstration and learn how the demonstration helped participants understand the concept.
Challenges that we faced in developing this course and tailoring it to an audience consisting
primarily of middle grade and high school teachers will be presented, as well as the products of
our collaboration with University of Kentucky, a larger institution with a tradition in using
chemical demonstrations. A portfolio showcasing the outcomes of our course will be shown.

2:00 PM - 5:00 PM U-409

S41: Creating Effective Learning Environments in Large Enrollment Chemistry
Courses — Part 1 of 2

Gregg Dieckmann (The University of Texas at Dallas, USA), John Siber{The University of
Texas at Dallas, USA)

This symposium will focus on integrating proven methodologies and innovations to better serve
students in large enrollment chemistry courses.

2:00 introduction
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3:05 Susan_ P457: Utilizing message boards for online help in large enroliment classes
Hendrickson
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P454: Chemistry, Life, the Universe and Everything: A research-based general chemistry
curriculum

Melanie Cooper (Clemson University, USA), Michael Klymkowsky (University of Colorado —
Boulder, USA)

Chemistry, Life, the Universe and Everything (CLUE) is a new general chemistry curriculum
developed on the basis of prior and ongoing research into the fundamental concepts students
need to learn, and effective ways to develop scientific process skills. The materials under
development are a book, a student website and an instructor website. The book is intended as the
driver for interest in the subject, it is written in an engaging style with a narrative theme that
extends throughout the book —namely how we can move from an understanding of atomic
structure to an understanding of complex biological systems. The accompanying website
incorporates both instructors and student sites and is tightly integrated with the text. The
development of conceptual understanding, problem solving and metacognitive skillfulness are
focal points of our ongoing supporting research for this project.

P455: Course redesign, Project UnTiL and the Chemistry Scholars Programs

Bob Blake (Glendale Community College , USA)

Redesign of the large lecture Introductory Chemistry and General Chemistry classes at Texas
Tech University were undertaken on two separate occasions. In the first NSF-funded study,
discussion sections were added to the Introductory Chemistry class. Retention of students
through the first semester of General Chemistry was increased from 28% to 44% as a result of
this work. In the second study, integration of various pedagogies including discussion sections,
online homework and student response systems into General Chemistry classes was funded by
the Texas Higher Education Coordinating Board. Students in the 300-person redesigned course
performed as well as the Chemistry and Biochemistry majors in a 50 person course on common
exam questions.
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P456: ASU’s Chemistry Collaborative Learning Center (CCLC): An effective learning
environment for over 5,500 students per year

Pamela Marks (Arizona State University, USA), Ron Briggs (Arizona State University, USA),
Gary Cabirac (Arizona State University, USA)

The Gener al Chemi stry program at ASU‘'s Tempe
improving excellence of instruction while striving to serve a continuously increasing student
population. The implementation of a new multimedia room which we call the Chemistry
Collaborative Learning Center (CCLC) for our introductory and general chemistry courses was a
significant part of this effort. Our CCLC accommodates collaborative learning recitation sessions
for up to 72 students per class session. The traditional recitation curriculum was modified so that
students now work together on guided-inquiry activities using tablet PCs while instructors
provide guidance using multimedia and one-on-one conversations. The increased structure and
sense of community that students now experience in recitation has had a positive impact. Our
new room accommaodates over 5,500 students per year in five different general chemistry
courses. This presentation will focus on the details of the CLCC room design, student
interactions, student impressions, and the impact on student success.

P457: Utilizing message boards for online help in large enroliment classes

Susan Hendrickson (University of Colorado, USA), Laurie Langdon (University of Colorado,
USA)

Online message boards for homework and lab discussions can be a valuable tool in large
enrollment classes. Answering student questions through an online message board system is
much more efficient than answering the same question multiple times by email or in person.
Message boards allow the instructor to help students learn how to think about and work through
problems in real time rather than after an assignment is due. Message boards also facilitate
collaborative learning because students are encouraged to help their classmates who have posted
work. Students seem to like that they can access the online message boards to get help at any
time of the day or night. Statistics of student use as well as student comments from large sections
of General Chemistry will be presented along with suggestions for effective use of online
message boards.

P458: Program for underprepared students in general chemistry: Implementation and
evaluation

Regina Frey (Washington University in Saint Louis, USA), Shawn Shields (Washington
University, USA)

At Washington University in Saint Louis, we have implemented a program to diagnosis in-
coming students who are under-prepared for General Chemistry and to support them during the
General Chemistry sequence. Our General Chemistry lecture course is a two-semester series
enrolling approximately 580 and 500 students in the fall and spring semesters, respectively, with
an independent laboratory course. All in-coming students who are enrolling in General
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Chemistry must work through a review tutorial and take an online diagnostic exam during the
summer. From the results of this diagnostic exam, we determine the students who are under-
prepared for our General Chemistry course and offer them an opportunity to be a part of our
program for under-prepared students (our mentoring program). This program consists of:
participation in extended-length recitation classes specifically developed for the under-prepared
students; participation in the general-chemistry, peer-led team learning (PLTL) study groups
offered to all students in the course; and participation in peer-mentoring groups specifically
developed for the under-prepared students. In this paper, we will describe the implementation of
our program for underprepared students, and the results of an evaluation study examining the
impact of the extended-length recitations and the peer-mentoring program on student
performance in General Chemistry. The study uses data from the academic year 2005-2006 as
the control group, and data from the academic years 2007-2008 and 2008-2009 as the
experimental group. In addition, results from attitudinal surveys taken by the students in the
extended-length recitation classes and the peer-mentoring groups will be discussed.

P459: In-time remedial help sessions: An attempt to improve academic performance of at-
risk general chemistry students in large lecture courses

Derek Behmke (University of Georgia, USA), Charles H. Atwood (University of Georgia, USA)
Previous research has made it clear that at-risk students must be exposed to additional
instructional approaches in order to be successful in chemistry. This is particularly true when the
students are taught in a large lecture setting. We have developed and tested a definition of at-risk
students that applies to our classes. These students are identified immediately after the
completion of a homework using our computerized homework and testing system, JExam. In this
paper we will present a brief look at our at-risk definition followed by a detailed description of
the cooperative learning based remedial help sessions the at-risk students are invited to attend.
Several comparisons between students who were identified as at-risk and attend a help session
and those who choose not to attend are also presented. These show us the effect remedial help
sessions have on student performance. Comparisons include analysis of performance on targeted
test questions, overall test and course grades, and item response theory abilities.

2:00 PM - 5:00 PM WH-316

S28: Educating Future Forensic Scientists — Part 2 of 2

Sue Salem (Washburn University, USA)

Planned for high school through university educators, this symposium is designed to address
both forensic chemistry education and new techniques in forensic science research and practice.
Educators of students high school through university are encouraged to present, as are those
educators who work on the cutting edge of forensic science research.

2:20 introduction
2:25 Lawrence P460: Issues confronting the education and training of future forensic
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P460: Issues confronting the education and training of future forensic scientists

Lawrence Kaplan (Williams College, USA)

In recent years, the demand for forensic scientists has increased for many reasons. While many
attribute this largely to an increased public awareness of forensic science through the popular
media including the so-called CSI effect, many other factors have played a role. These include:
population demographics, increased awareness of forensic science by law enforcement, database
automation in several categories of physical evidence, jury expectations, legal requirements, and
the impending retirement of a large number of currently practicing forensic scientists. The
increased demand places a great responsibility on educational institutions and the forensic
science community to meet this challenge. While many of us have used the forensic science
theme to stimulate the interest of our students in the sciences in general, the education of future
professional forensic scientists is a serious matter. Since forensic science plays a crucial role in
the justice system, the primary focus of the education of forensic scientists must be on the
education and training in those disciplines traditionally and generally associated with the work of
forensic science laboratories. While there are many factors that should play a part in this
education and training, the emphasis should be directed toward the recognition, identification,
individualization, and evaluation of physical evidence by application of the natural sciences.
These issues have been discussed thoroughly in the National Institute of Justice Special Report
—Education and Training in Forensic Science:
Educational I nstituti ons, a meliscGdeclandeheirt s. I Thes
relative importance evaluated.

P461: Forensic chemistry education: Using controlled substance analogs

Colin Henck (University at Albany, USA), Lan Huynh (State University at Albany, USA)
Instructional laboratory experiments were developed to apply 'real world' forensic chemistry
challenges and techniques in upper division chemical education classes, while avoiding the use
of controlled substances. Gas Chromatography-Mass Spectrometry (GC-MS) was used in the
identification and quantification of compounds with chemical properties similar to those of
controlled substances. Experiments included the use of glycolic acid as a gamma-hydroxybutyric
acid (GHB) analog, as well as use of lidocaine as a cocaine analog.

P462: Development of a laboratory for forensic chemistry majors at a small university
Sue Salem (Washburn University, USA)

This presentation will discuss how a laboratory specifically for forensic chemistry majors was
researched and developed. Collaboration between practicing forensic scientists and university
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academicians will be highlighted.

P463: The forensic analysis laboratory: Metrology

Jerry Messman (Stranaska Scientific LLC, USA)

Metrology is integral to analytical chemistry and its inner-disciplines, but its functionality is
often neglected in the traditional curriculum. As a consequence, students entering the analytical
workplace are unprepared and at a disadvantage in this regard. The realization of metrological
practices in the real world is becoming more formalized with respect to calibration and testing
because of the emerging emphasis on international standardization and laboratory accreditation.
This is true for quantitative analysis not only in chemical laboratories, but also in clinical and
forensic laboratories. Metrology may be defined as the science of measurement and its
application. It includes all theoretical and practical aspects of measurement, whatever the
measurement uncertainty and field of application. Metrology encompasses calibration, reference
material standards, traceability, uncertainty analysis and, how as a whole, they impact the quality
and reliability of analytical measurement results and the confidence in any consequential actions
or decisions. This presentation provides insight into metrology and its relevance to quantitative
forensic analysis, and how it adds value to the educational background and real-world readiness
of students as they embark on their first positions in the forensic analysis laboratory. Examples
of metrological applications will be discussed including blood alcohol concentration analysis,
firearm trigger pulls, and arson and fire debris testing. Government agencies and international
organizations that shape and guide the realization of metrological practices in the forensic
analysis laboratory will be summarized.

P464: Residual petroleum distillates from arson: Analysis using headspace enrichment
conditions

Eugene Smith (Florida Atlantic University, USA)

Accelerants commonly used by arsonists are routinely processed by static headspace enrichment
prior to analysis by gas chromatography. The conditions used for headspace enrichment (e.g.
time and temperature) influence the distribution of hydrocarbons extracted from an arson sample.
Artifacts associated with headspace enrichment conditions were minimized by optimizing time
and temperature for the various classes of common hydrocarbon accelerants. Enrichment times
and temperatures were determined by simplex optimization to be significantly lower than
recommended by ASTM procedures for all accelerant classes. The time and temperature ranged
from 1 hr at 55°C for lighter fluid (Class 1) to 4 hr at 90°C for diesel fuel (Class 4).

P465: Forensic DNA: CODIS

James Girard (American University, USA)

The Combined DNA Index System (CODIS) is a national database containing the DNA of
individuals who are convicted of committing sexual and violent crimes. In developing CODIS,
the FBI laboratory initiated a project to standardize the number of short tandem repeats (STRS)
used to analyze samples in the United States. One of the goals of CODIS was to create a

dat abase of aoffeaderarofikes that coalebba wsed to foleedrimes for which
police had no suspects. The first convicted offender database was the sex crimes database.
Today, all 50 states have a sex crimes database law mandating that individuals who are convicted
of a sex crime must submit a DNA sample that will be typed by CODIS, with the resulting
profile being entered into the database. This database has proved to be very useful to law
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enforcement officers. Today, when a biological sample is found at the scene of a sex crime, in
one-third of the cases it will match a DNA sequence already in the database, allowing the crime
to be solved immediately. In these cases the offender served his or her sentence for the first
offense and, after being released from prison, relapsed into committing sex crimes. The CODIS
STR loci chosen will be presented. The use of multiplexing to simultaneously analyze the 13
CODIS loci will be described. The application of statistics to generate a match probability or a
likelihood ratio will be demonstrated.

2:00 PM - 5:00 PM WH-121

S29: Engaging Students in Organic Chemistry — Class Activities Emphasis , Part
2 0of 3

Barbara Murray (University of Redlands, USA)

Presentations of a variety of methods for engaging students in organic chemistry. These could
range from individual creative activities to yearlong methods of teaching using new pedagogies
and anything in between.

2:00 introduction

2:05 Susan Schelble P466: Assessing conceptual understanding of organic chemistry

995 Sushama !3467: A_dopt-A-!\/IoIecuI_e: A guided inquiry project for increasing student
Dandekar interest in organic chemistry

2:45 Matthew Czapla P468: Organic chemistry wiki: Undergraduate resource for the digital age
3:05 Steven Fleming P469: Organic and bio-organic animations

3:25 break

3:40 Sheri Strickland P470: Snapshots don't tell the whole story of reaction mechanisms

4:00 Peter Wepplo  P471: How well do students understand the curved arrow convention?
4:20 discussion

P466: Assessing conceptual understanding of organic chemistry

Susan Schelble (Metropolitan State College of Denver, USA), Karen Knaus (University of
Wisconsin — Milwaukee, USA), Kristen Murphy (University of Wisconsin — Milwaukee , USA)
A small committee of organic chemists have created an organic chemistry practice exam. The
designed practice exam is modeled after a general chemistry practice exam that has been
previously developed at the American Chemical Society's exams institute. Key benefits of the
instrument's use include helping students (and their faculty mentors) assess conceptual
understanding in organic chemistry prior to the comprehensive final exam. Furthermore, results
from the organic chemistry practice exam can serve as a study tool for students and a guide to
better inform pedagogical practice in organic chemistry laboratory and lecture.

P467: Adopt-A-Molecule: A guided inquiry project for increasing student interest in

organic chemistry

Sushama Dandekar (University of North Texas, USA)

—A d ApgMo | e c u | e-Weekwoagstwogart &rm project, undertaken by students enrolled

in the first of the 2-semester sequence in organic chemistry (Fall 2009). This newly developed
projectwasanatte mpt t o i ncrease students’ i nterest
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semester-long opportunities to actively explore a range of organic compounds and their varied
applications in the real world. Several substances commonly found in food, medicines, personal
care products, sports equipment, etc, were selected for this project. At the beginning of the

semester, each student was assigned one of

During the first 5 weeks, prompted by a series of questions to guide their inquiry, students
gathered, and reported weekly, information regarding various properties of their adopted
molecule. Many of the questions paralleled the topics under discussion in class. The following
week, each student created a "Molecule Profile" that included all the previously gathered
information, along with other interesting facts they had uncovered. A sample profile was shown
briefly in class, but no template was provided, and students were encouraged to use their
creativity to build visually appealing profiles. The student-generated profiles were then published
to the class. Everyone was expected to browse the profiles created by their classmates and then
answer a s e randecso na ftype-guestiamspassigned over the next 3 weeks.
Anecdotal evidence suggests that students enjoyed this activity and that the project helped
increase students‘ awareness and interest

P468: Organic chemistry wiki: Undergraduate resource for the digital age

Matthew Czapla (University of Oklahoma, USA), Mark Morvant (University of Oklahoma,
USA)

With the proliferation of large online information sources like Wikipedia, students increasingly
rely on the Internet as a source of information for their daily activities. We hypothesized that a
similar online site could prove to be an effective medium for conveying information taught in
undergraduate organic chemistry. With this in mind, we created Ochem.net, an online organic
chemistry resource that combines the ease of access and quantized information of the Internet
and the reputability of a peer-reviewed textbook. We utilized the MediaWiki software used on
Wikipedia to create an online encyclopedia that can be edited and maintained by experts in the
field of organic chemistry. Statistical analysis of student feedback from voluntary online surveys
will be discussed, as well as educational and instructional benefits of the wiki format in
chemistry education.

P469: Organic and bio-organic animations

Steven Fleming (Temple University, USA)

Students are eager to explore organic reactions using software that allows them to visualize
molecules in 3D. We have developed Organic Reaction Animations (ORA) and Bio-Organic
Reaction Animations (Bio-ORA) as teaching tools that allow students to do this exploring. The
goal is to provide a molecular-level 3D image of the reactions discussed in class. Student
learning is enhanced from this additional exposure to the material and the animations engage the
students. We will present the software tools and address the assessment of the teaching tool.

P470: Snapshots don't tell the whole story of reaction mechanisms

Sheri Strickland (Converse College, USA)

The understanding and mastery of reaction mechanisms is a critical skill in organic chemistry: it
allows a student to predict the major product of a given chemical reaction, regardless of the exact
identity of the starting materials. Unfortunately, this mastery is often a mystery to organic
chemistry students, even when they can memorize a logical sequence of intermediates and
curved arrows showing electron movement. In addition, understanding the stereochemical
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consequences of a given chemical reaction has the added challenge of being able to understand
what ‘s goi ng on ¢&helieve that what they lackrigan uderstandsng of tWb
basic concepts: the nature of the covalent bond (formed when two atomic orbitals overlap,
broken as two overlapped atomic orbitals disengage) and the fluid nature of the reaction
mechanism. The classic approach is to represent a reaction mechanism with drawings on a two-
dimensional surface; the regular in-class student use of Darling® models (and balloons)
increases understanding of the three-dimensional nature of the intermediates and products.
Although all of these techniques provide important pieces in the understanding of a reaction
mechanism, they are only static snapshots of important points along a very fluid journey. We
have developed and tested interactive computer animations that allow students to watch the
gradual changes in the relevant atomic orbitals as the starting materials are transformed into
products during substitution reactions (SN1, and SN,), elimination reactions (E; and E;), and acyl
addition reactions.

P471: How well do students understand the curved arrow convention?

Peter Wepplo (USA)

In order for students to understand organic chemistry mechanisms, they need to be able to predict
the products indicated by curved arrows. Results of mid-year surveys will show how well
students understand the curved arrow convention. We believe that student achievement in
learning organic chemistry can be improved if students understand the curved arrow convention
and use it in a consistent manner. We have made a slight modification to the curved arrow
convention to improve consistency and have been rewarded with improved student scores on the
ACS organic chemistry examination. We will review our rational for the survey, its results, its
application to teaching, and end of year classroom results. We estimate the class has improved
by 20 percentile points.

2:00 PM - 5:00 PM U-418

S30: Green Chemistry in the Organic Laboratory — Part 2 of 2

Tom Goodwin (Hendrix College, USA), Andrew DickgUniversity of Toronto, Canada)

This symposium focuses on novel methods of teaching green chemistry concepts in the organic
laboratory. Have you designed practical experiments showcasing some of the Twelve Principles
of Green Chemistry at any undergraduate level? Come and share your exciting green teaching
experiences!

2:20 introduction
., Carmen P472: The spread of green chemistry in Latin America through the Mexican
2:25 :
Doria chapter of GCI
245 Carmen P473: Green chemistry in the organic laboratory for chemical engineering
"~ Doria students
.~ RAM P474: Discovery-oriented green organic chemistry laboratories using
3:05 .
Mohan bismuth(111) salts
3:25 break
.~ Andrew ) . . . .
3:40 Dicks P475: Multicomponent reactions as green organic laboratory teaching tools

4:00 Loyd Bastin P476: Designing a green, inquiry-based organic chemistry laboratory to
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educate the next generation of scientists
4:20 discussion

P472: The spread of green chemistry in Latin America through the Mexican chapter of
GCl

Carmen Doria (Universidad Iberoamericana, Mexico)

The Department of Chemical Engineering of Universidad Iberoamericana has been a chapter of
the Green Chemistry Institute of the ACS since 2004. Our activities have mainly involved
promotion of green chemistry among high school and college teachers in Mexican and other
Latin American institutions. We have adapted experiments to fit conditions of institutions in our
region, incorporating use of microscale techniques and easily accessible reagents. This
presentation will focus on the green chemistry experiments we have adapted and some of our
results.

P473: Green chemistry in the organic laboratory for chemical engineering students
Carmen Doria (Universidad Iberoamericana, Mexico)

Universidad Iberoamericana has implemented experiments in the organic chemistry lab with a
focus on chemical engineering. It is designed so that all experiments demonstrate not only a type
of reaction, mechanism or technique, but also their relationship with different types of chemical
industries. A substance that is synthesized may be a reagent to produce a polymer, a
pharmaceutical, a pigment, etc. so that students can have a closer look of their career. Within this
context, we have been implementing experiments that comply with one or more principles of
Green Chemistry. During the lab, both traditional and green chemistry syntheses are compared.
This presentation will include examples of this approach and student results.

P474: Discovery-oriented green organic chemistry laboratories using bismuth(l11) salts
Ram Mohan (Illinois Wesleyan University, USA)

Although Green Chemistry principles are increasingly stressed in the undergraduate curriculum,
there are only a few laboratory experiments wherein the toxicity of reagents is taken into
consideration in the design of the experiment. We have developed several green chemistry
laboratories suitable for the sophomore organic lab. These experiments, which include epoxide
rearrangement and acylal formation, illustrate several Green Chemistry principles such as the use
of a relatively non-toxic catalyst, solvent-free reaction conditions, and a single-step reaction. The
added element of discovery is likely to increase student enthusiasm. These experiments utilize
bismuth(l11) triflate as a catalyst. Bismuth compounds are remarkably nontoxic and easy to
handle, making them especially attractive from a green chemistry perspective.

P475: Multicomponent reactions as green organic laboratory teaching tools

Andrew Dicks (University of Toronto, Canada)

The multicomponent Biginelli synthesis, which facilitates preparation of vasodilatory

dihydropyrimidones will be described to examine how improvements can be made in the

environmental profile of an historical reaction. This experiment is appropriately run in mid-level
undergraduate organic laboratories and can be performed on a microscale with standard
glassware in a total of threehours . The ¢l ass undertakes both —tr
Biginelli syntheses with each approach practically straightforward and performed individually or

in a pair. Emphasis is placed on comparing the two methods from a green perspective. Students
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probe ideas of catalytic reactivity, solvent-free synthesis, atom economy and energy
consumption to assess green improvements made by employing the modern strategy. This
methodology can be extended to the closely-related Hantzsch synthesis of 1,4-dihydropyridines.

P476: Designing a green, inquiry-based organic chemistry laboratory to educate the next

generation of scientists

Loyd Bastin (Widener University, USA), Kaitlyn Gerhart (Widener University, USA)

When greening an organic chemistry laboratory, redesigning the course to educate students about

green chemistry rather than simply greening the individual experiments is crucial. It is

imperative to design the laboratory to incorporate the principles of green chemistry through-out

the course regardless of whethert he experi ments have been —green
process of redesigning the organic chemistry | laboratory from a microscale course into a green

chemistry lab. Our approach involved assessing the pedagogical value of current experiments

performed in the organic chemistry I and Il laboratories. Then, we collaborated with science

faculty to determine the skills’lknowledge that students should obtain from the laboratories. From

this information, we outlined these skills/knowledge and searched the current literature for

—greenll organic chemistry experiments that me
developed a three step inquiry-based, green synthesis for the organic chemistry | laboratory. The

capstone experiment required the studentstose ar ch t he —l i teraturel and
performing a carbonyl reduction, elimination, and bromination. The student researched methods

are then analyzed for —greennessll as a cl ass
the class choosesthe —b est I met hod for each reaction.

2:00 PM - 5:00 PM WH-315

S32: Interviews as a Data Collection Method - Part 2 of 2

Sonia Underwood (Clemson University, USA), Stephanie Cunningham Ryéuniversity of
Illinois at Chicago, USA)

Chemical education research often includes interviews to collect student data. Student
interviews, however, are highly complex situations where interviewing skills are important. This
symposium is a venue for researchers to discuss their own experience in designing and
conducting interviews in chemical education research. This will be a venue for discussion,
sharing, and suggestion. The emphasis will be on data collection methods not for data analysis.

2:00 introduction
2:05 David Wren _P477:_Ident|f|cat|0n of student alternate conceptions using student
interviews

995 Vanessa P478: Pedagogical Content Knowledge (PCK) data collection through
" Fishback interviewing organic chemistry instructors

2:45 Gr;zi;t/;squez P479: Investigating student conceptions about atomic emission

3:05 Cynthia P480: Investigating representational competence with respect to covalent
"~ Luxford bonding

3:25 break

3:40 Jana Jensen  P481: Investigating student ideas about acid-base reactions
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LaKeisha

4:00 McClary P482: Gold at the end of the rainbow: Interviews as rich qualitative data
4:20 Nathaniel P483: Co-dependency in research: The use of think-aloud interviews in a
=7 Grove mixed-methods investigation of representational competence
. P484: Using semi-formal interviews to determine where students experience
.1« Michelle . L . i
4:40 Dean cognitive overload when visualizing the three-dimensional nature of
molecules

P477: Identification of student alternate conceptions using student interviews

David Wren (University of Northern Colorado, USA), Jack Barbera (University of Northern
Colorado, USA)

Students come into chemistry courses with many alternate conceptions that they have formed
from previous experiences and observations. Many of these alternate conceptions are held tightly
by students and can reduce or block the adoption and utilization of accepted expert conceptions.
This study provides a procedure for identifying student alternate conceptions by using student
interviews. Our approach uses think-aloud methods and open-ended questions to confirm those
alternate conceptions previously reported in the literature as well as to identify any unreported

conceptions. The interviews focus on a studen
understanding deviatesfrom t he accept ed —ex per tefldedquestionse pt i on
helps to clarify a student®s rational and hel

conceptions. The systematic coding of the alternate conceptions helps to provide a clear
breakdown of those that are commonly used for a particular topic in chemistry. The challenges
and strengths of this approach will be discussed as well as examples of how our approach has
effectively identified novel alternate conceptions used by chemistry students.

P478: Pedagogical Content Knowledge (PCK) data collection through interviewing organic
chemistry instructors

Vanessa Fishback (University of Northern Colorado, USA), Loretta Jones (University of
Northern Colorado, USA), Kimberly Pacheco (University of Northern Colorado, USA)

The experience of designing a qualitative research case study in organic chemistry to acquire
data from instructors involves expertise in organic chemistry and fluency in nuance of
terminology as well as qualitative research skills. Instructor interviewing in chemical education
research is less common than student interviewing and comes with its own set of practicalities.
Interview strategy, including piloting interview scripts, use of biography to gauge explicitness
and form connections, use of embedded questions and use of phones as recorders will be
described

P479: Investigating student conceptions about atomic emission

Ana Vasquez Murata (Miami University, USA), Stacey Lowery Bretz (Miami University, USA)
Theobject i ve of my work is to create a reliable c
conceptions about atomic emission. The qualitative part of this research uses a semi-structured

interview with students enrolled in high school chemistry, general chemistry and analytical

chemistry. The elicitation of student conceptions is accomplished by utilizing prompts. These

prompts include representations of atomic emission typically encountered by these students in

classes such as flame tests, discharge tubes, and energy level diagrams. Development of the

interview guide using these prompts and the constructivist interview approach for
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representational competence will be discussed.

P480: Investigating representational competence with respect to covalent bonding
Cynthia Luxford (Miami University, USA), Stacey Lowery Bretz (Miami University, U.S.A.)
The purpose of this study is to investigate how students interpret the information encoded in
multiple representations of covalent bonding. Students in high school, General Chemistry I and
I1, and Advanced Inorganic were interviewed. The rationale behind the development of the
interview guide, changes that were made as a result of conducting the interviews, and its
relationship to the Constructivist Interview of Representational Competence (CIRC) will be
discussed.

P481: Investigating student ideas about acid-base reactions

Jana Jensen (Miami University, USA), Stacey Lowery Bretz (Miami University, USA)

The purpose of this study is to learn more about the misconceptions that students have about
acid-base reactions. Students in high school, general chemistry | & |1, organic chemistry | & II,
and organic Ph.D. candidates were interviewed. Students were asked to identify acid-base
reactions from a collection of Arrhenius, Bronsted-Lowry, and Lewis acid-base reactions.
Students were also asked to predict the reactants of various acid-base reactions in order to better
understand what they consider to be critical attributes for a substance to react as an acid or a
base. The rationale behind the development of the interview guide will be discussed and its
relationship to the Constructivist Interview of Representational Competence (CIRC).

P482: Gold at the end of the rainbow: Interviews as rich qualitative data

LaKeisha McClary (University of Arizona, USA)

As part of a research program developed to explore how organic chemistry students understand
and explain acidity, 37 students volunteered to be interviewed. Twenty-three first-semester
students participated in a study that required them to think aloud as they ranked compounds
based on acid strength. Semi-structured interviews followed the ranking task. During the
following semester, 15 second-semester students participated in a follow-up study. Only one of
these students participated in an interview the prior semester. To minimize transcribing time, the
second-semester students completed a questionnaire which instructed them to rank four organic
compounds based on acid strength and then use resonance to explain their trend. One week after
completing the questionnaire, the students participated in 10 minute structured interviews where
they were asked questions about how they approached the ranking task and what influenced their
decision. The challenges and benefits of designing the interview protocols and using the two
different interview techniques will be discussed.

P483: Co-dependency in research: The use of think-aloud interviews in a mixed-methods
investigation of representational competence

Nathaniel Grove (Clemson University, USA), Melanie Cooper (Clemson University, USA),
Sonia Underwood (Clemson University, USA)

Interviews are invaluable tools for chemistry education researchers as they provide a level of
flexibility and depth of understanding not afforded by many other methodological approaches.
By coupling interviews with quantitative results, this utility is further enhanced by providing a
contextual basis upon which to guide and frame the qualitative inquiry. The present study is an
attempt to better understand how students develop representational competence in chemistry and
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how Lewis structures contribute to this process. To investigate these issues, we turned to the use
of think-aloud interviews to further explore trends in the quantitative data collected. This
presentation will highlight the design and execution of interviews in such a mixed-
methodological environment.

P484: Using semi-formal interviews to determine where students experience cognitive

overload when visualizing the three-dimensional nature of molecules

Michelle Dean (University of Connecticut, USA), Tyson Miller (University of Connecticut,

USA)

Organic chemistry, especially the topic of st
to visualize and mentally rotate molecules drawn in two-dimensions (2-D). In order to translate

from a 2-D drawing to a three-dimensional (3-D) object, students must also be able to interrupt

the symbolism that chemists have developed to represent the 3-D nature of molecules. To aid in

this task, professors often suggest that students use a molecular modeling kit. It has been

previously found that students make a number of systemic errors as they translate a 2-D drawing

into a 3-D model, or visa versa. It has also been shown that molecular complexity and orientation

ofa mol ecule is associated with the student
order to answer related questions. We further build on this idea to determine exactly what type of
molecular complexity, molecular and/or bond rotations result in cognitive overload. Determining

this point of cognitive overload is crucial for the development of effective assessments of
stereochemistry. To investigate this, a modified qualitative/ quantitative semi-formal interview
protocol developed by Harwood will be used.

‘s

2:00 PM - 5:00 PM U-417

S34: Practices and Policies that Foster Excellence in the First Two Years - Part 2
of 2

Cynthia Larive (University of California, USA), Jodi WesemanfAmerican Chemical Society,
USA)

The first two years of chemistry education involve much more than learning the facts. As
described in the "ACS Guidelines and Evaluati
and the "ACS Guidelines for Chemistry in Two-Year College Programs," students need to gain
intellectual, experimental, and professional skills, developing the ability to apply knowledge and
skills to new situations and transfer knowledge from one context to another. This full day session
will explore practices and policies that can advance a chemistry program to the next level of
excellence. Presentations and discussions will focus on the programmatic aspects of the
curriculum, pedagogical approaches, and the development and assessment of student skills. The
importance of faculty development, involvement, and interactions with students will be
highlighted. Mechanisms for continuous evaluation and improvement will also be shared.

P485: Development of student skills in the first two years of the chemistry
curriculum

P486: Having your cake and eating it too: Taking advantage of
professional development opportunities

3:25 break
3:40 Barbara A. P487: Anecdotes are not enough: Demonstrating excellence through

2:00 Mary Berry

2:55 Lee Park
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Sawrey assessment
4:30 John Clevenger P488: Student excellence — Where to next?

P485: Development of student skills in the first two years of the chemistry curriculum
Mary Berry (University of South Dakota, USA), Miles Koppang (University of South Dakota,
USA), Barbara A. Sawrey (University of California — San Diego, USA)

High-order skills, which students use in purposeful implementation of their knowledge of
chemical principles, are distinguished from pure content knowledge, though the two are
generally delivered in parallel. An interactive discussion on development of student skills is
planned. Several questions will be explored including: How well do the skill sets listed in the
two-year and four-year ACS guidelines align with skills identified as critical by faculty? From
the perspective of faculty working in the trenches, how is the training generally delivered, how is
the effectiveness of the delivery determined, and what particular practices lead to excellence?
Also included in the discussion will be a consideration of the extent to which these practices that
foster excellence in one environment are exportable to other chemistry programs.

P486: Having your cake and eating it too: Taking advantage of professional development
opportunities

Lee Park (Williams College, USA), Scott Donnelly (Arizona Western College, USA), Lawrence
Kaplan (Williams College, USA)

An energetic and accomplished faculty is essential to an excellent undergraduate program.
Professional (and personal) experience gained outside one's formal training and regular academic
routines can be a major factor in the continued development of an effective chemistry faculty.
Taking advantage of professional development opportunities can foster innovation in
undergraduate chemical education and in teaching the next generation of technological problem-
sol ver s. I n addition, such experiences
program, as well as to enhance one‘s ab
chemistry within the classroom. This session will describe a variety of professional development
opportunities, including sabbaticals, National Science Foundation-sponsored workshops, and
research field experiences, and discuss the ways in which these experiences impact student
learning and the educational missions of institutions.

P487: Anecdotes are not enough: Demonstrating excellence through assessment

Barbara A. Sawrey (University of California — San Diego, USA), Diane Bunce (Catholic
University of America, USA), Lucy Eubanks (Clemson University, USA), Thomas Holme (ACS
Examinations Institute, USA)

How do we provide evidence of excellence in the first two years of the chemistry curriculum,
and particularly of the more elusive student skills that are the topic of this symposium?
Accrediting organizations, funding agencies, and our own campuses expect us to be able to point
to evidence of ongoing assessment. Excellent programs have both knowledge (content) goals and

can

be

ility
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process (non-content) goals that require assessment in order to prove to yourself and others that
outcomes matcht hese goals and are derived from
direct and indirect measurements will be discussed by the panel members. Some guiding
questions will be provided to assist in self-reflection and to aid in consideration of whether a
program already carries out some components of assessment that go beyond course exams and
final grades.

P488: Student excellence — Where to next?

John Clevenger (Truckee Meadows Community College (retired), U.S.A.), Cynthia Larive
(University of California, USA)

There is no formula for excellence. Each program must take into account its special strengths and
needs in designing a curriculum that leads to student excellence. With this in mind, ideas and
concepts for student excellence presented throughout the symposium will be discussed. We will
consider questions such as: what are the attributes of excellence, what fosters excellence, and
what might an individual or program do to improve?

2:00 PM - 5:00 PM U-411

S64: Research in Chemistry Education — Methodology

Bill Robinson (Purdue University, USA)

This symposium provides a forum for chemical education research. A submitted presentation
should briefly address 1) the motivation for the research and type of problem investigated and 2)
the methodology chosen to both gather and interpret the data collected. The presentation should
focus primarily on the findings and the interpretation of the data. This symposium is sponsored
by the ACS DivCHED Committee on Chemistry Education Research.

2:00 introduction

P489: Developing electronic learning tools for general chemistry students using
qualitative research methods

2:25 Alan Kiste P490: Use and usefulness: Examining the ecology of the classroom

2:05 Resa Kelly

2:45 IEE)?ZI:nga P491: Changing phase change misconceptions through inquiry activities
3:05 \?\,Oiﬂild P492: Student understandings of solutions
3:25 break
3:40 Alan Kiste P493: Developing methods for analyzing students’ chemistry inscriptions
4:00 Carrie P494: Documented problem solving to increase conceptual understanding in

"~ Shepler  general chemistry

Seth P495: Effectiveness of modeling and critiquing activities for improving

4:20 Anthony student s® ¢ on s-basediegptanatmns in thefgenaral/chechigtry «

laboratory
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4:40 Eric Ball  P496: Cloze in general chemistry

P489: Student understandings of solutions

Donald Wink (University of Illinois at Chicago, USA), Stephanie Cunningham Ryan (University

of Illinois at Chicago, USA), Susan Goldman (University of Illinois at Chicago, USA)

Solutions are a critical part of chemistry, but they have not been studied systematically in

relation to quantification. Based on a comprehensive review of the K-16 literature, we have

developed an interview to explore this research question. Students are presented with chemical

phenomena that elicit qualitative understandings and are asked to describe what they see. lon-

selective probeware is then introduced and the students describe phenomena with the aid of the
probeware. We seek to answer the questions, —
understandings of solutions?Ill Thi gentpaper wi | |
understandings of solutions along with descriptions of iterations of the protocol. Preliminary data

will be presented.

P490: Use and usefulness: Examining the ecology of the classroom

Alan Kiste (University of Michigan, USA)

How does assessing the effectiveness of one pedagogical intervention give a complete picture of

its impact on | earning? Is a student®s final
such interventions? Our research shows that evaluating the effectiveness of one learning resource

requires understanding the entire ecology of the classroom. We have developed and tested a new
survey, called —Use and Usefulness, Il which is
information about how students are engaging class resources. We have observed a strong

relationship between the usefulness reported by students for an array of 12 resources and a

performance index that takes their examination pathway, rather than just final grade, into

account. We think that faculty instructors, classroom researchers, and students, can receive direct

benefit from understanding this relationship and its implications for both pedagogy and research

on teaching and learning.

P491: Changing phase change misconceptions through inquiry activities

Dale Eizenga (Holland Christian High School, USA)

Misconceptions related to phase changes at the particulate level are widespread and persistent, as

previous research has shown. Proven methods to combat this problem are needed. Several

activities that address this issue at the high school level were developed in the Target Inquiry

Program at Grand Valley State University. Action Research, using pre and post-tests coupled

with student interviews, was conducted to determine the effectiveness of these activities.

Findings documenting the activities® ability
presented.

P492: Developing electronic learning tools for general chemistry students using qualitative

research methods

Resa Kelly (San Jose State University, USA)

The variety of electronic visualizations that have become available to chemistry instructors has

grown in recent years. The visualizations are often designed to communicate the particulate

nature of molecules by using pictures of atoms and molecules, moving about and colliding, while

al so showing the macroscopic effect of the pa
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Kozma, Jones, Wykoff, Marx, and Davis, 1997). However, visualizations are not without flaws.
They are often criticized by experts for their lack of accuracy in depicting chemical concepts, but
little research has been done to evaluate how animations should be designed and whether the
accuracy of the depiction is essential for student learning. Novices tend to become overwhelmed
by too much information presented at one time, which can lead to some students paying too
much attention to details that are actually unimportant or dismissing details that are important.
The real issue is what kinds of detail are needed in visualizations to teach a concept so that
students are able to learn without gaining new misconceptions? The goal of this project is to
share how semi-structured interviews and drawn and oral explanations of chemical concepts
made by expert instructors and first semester, college General Chemistry students are being used
to inform the design of electronic learning tools to supplement laboratory experiments.

P493: Developing methods for analyzing students’ chemistry inscriptions

Alan Kiste (University of Michigan, USA)

Analyzingstudent-gener ated i nscriptions in chemistry i s
understanding about chemistry. Thus, we developed two methods of analyzing student-generated
inscriptions: features analysis and thematic analysis. We have also demonstrated how these
methods are able to discern differences between both how students inscribe their understandings
and the content of those inscriptions, regardless of 1) how those inscriptions were created (ie.
computer vs. pencil-and-paper), 2) the nature of the inscriptions (verbal vs. pictorial), and 3) the
expertise of the students. The ability to analyze inscriptions regardless of the medium allows the
examination of multiple inscriptions in educational research applications as well as in the design
and development of educational materials. Also, inscriptions can be compared across contexts,
allowing the comparison of student-generated inscriptions derived from various educational
interventions. Finally, the ability to compare inscriptions regardless of the level of expertise
allows novice/expert comparisons and longitudinal comparison over time.

P494: Documented problem solving to increase conceptual understanding in general
chemistry

Carrie Shepler (Georgia Institute of Technology, USA)

Chemical education research of the last two decades documented the gap in conceptual versus
algorithmic learning of general chemistry concepts. While today's students are increasingly
proficient in number crunching, lack of conceptual understanding of chemical principles is still
pervasive and can be particularly difficult to address in large lecture courses. The problem is
compounded by the tendency of many students to do the majority of their calculations without
writing down any steps. Documented problem solving, a classic classroom assessment technique,
in small groups is being used in a Spring 2010 general chemistry course of 130 students to
determine if increased focus on the reasoning behind each step in general chemistry problems
increases conceptual understanding and improves problem solving skills. The work of randomly
sampled groups' work will be subjected to analysis using a detailed rubric that categorizes groups
as quality, effective, maintenance, survival, or novice problem solvers. In the spring two control
groups are available in the form of sections of the course taught by other instructors. This will
allow comparison of student performance on common exam questions as well as analysis of
computerized homework assignments. The project will be repeated in the same course in
Summer 2010 when typical enrollment is only about 50 students, and this will allow comparison
of effective in larger versus small classes.
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P495: Effectiveness of modeling and critiquing activities for improving students’
construction of evidence-based explanations in the general chemistry laboratory

Seth Anthony (Colorado State University, USA), Dawn Rickey (Colorado State University,
USA), Laura Wally (Colorado State University, USA)

Students participating in inquiry-based laboratory activities often struggle with constructing
explanations about molecular-level phenomena and justifying those explanations based on
experimental evidence. To help address these challenges within a guided inquiry laboratory
curriculum employing the Model-Observe-Reflect-Explain (MORE) Thinking Frame,
introductory activities were developed and revised over four semesters of implementation. These
successive changes allowed us to analyze the contributions of different activities in enhancing
st ud e ntsdo prodack high-qualiiy written models of chemical systems. Over time, the
introductory activities expanded their emphasis on exposing students to high-quality examples,
and engaging students in critiquingstmf sampl e
various facets of the introductory activities, the resulting student models improved on multiple
measures of quality. In particular, students produced clearer descriptions of molecular-level
composition and behavior, gave more accurate and specific descriptions of how their molecular-
level ideas changed after performing an experiment, and more frequently cited specific
experimental evidence to justify their molecular-level model refinements.

P496: Cloze in general chemistry

Eric Ball (Metropolitan State College of Denver, USA)

The cloze procedure, a reading and comprehension assessment in which words are removed from
running texts, is examined as a probe of the readability of excerpts from two general chemistry
textbooks. Correlations of the ability of students to correctly anticipate the missing words with
their scores in the associated general chemistry course are examined, as are the effects of
including figures as components of the assessment. The history the cloze procedure and proposed
future work will also be presented.

2:00 PM - 5:00 PM U-415

S35: Service-Learning in Chemistry - Part 2 of 2

Joan Esson (Otterbein College, USA)

The purpose of this symposium is to share best practices for the incorporation of service-learning
as a teaching pedagogy into the chemistry curriculum. This symposium will build on a workshop
that was offered during BCCE 2008, Service-Learning 101, which provided a basic overview of
service-learning and some suggestions for creating and adapting projects into courses. Although
open to anyone interested in presenting, this symposium would especially offer a voice to those
who have developed service-learning projects out of the BCCE workshop.

2:20 introduction

P497: Lead analysis in drinking water: A service learning project with a

2:25 Lin Coker local school system.
Aisling

OConnor
3:05 Erin Saitta P499: Engaging STEM: A case study in chemistry education and

2:45 P498: Chemistry service learning for non majors
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community partnerships
3:25 break
3:40 James Valles P500: NSF GK-12 as a service learning collaboration project

P501: Extending the impact of service-learning: Teaching K-12 peer
mentors

4:20 panel discussion

4:00 Joan Esson

P497: Lead analysis in drinking water: A service learning project with a local school
system.

Lin Coker (Campbell University, USA)

Quantitative analysis students were trained to analyze water samples for lead content using flame
AA. Students then worked with local schools to gather drinking water samples. These samples
were analyzed for lead content. Students participated in a symposium open to members of the
community. In the two years this project has been in progress, the county superintendent of
public schools as well as principals and teachers have attended the symposium

P498: Chemistry service learning for non majors

Aisling OConnor (Fitchburg State College, USA)

Many chemistry faculty teach at colleges and universities where a major in chemistry is not

offered and their primary task is teaching chemistry courses for non-major students. Providing

chemistry service learning opportunities to non-major students gives them the opportunity to

view a subject in which they are not very interested from a different perspective and allows

chemistry faculty to provide community education / civic engagement in their subject area. At

Fitchburg State College, MA, two service learning programs in chemistry are currently offered.

The first is focused on providing chemistry outreach programs for children who attend local

schools. General Chemistry | and 11 students visit elementary school classrooms with their

chemistry instructor and provide one hour sessions introducing students to chemistry. The

sessions are very hands on and are designed to supplement the physical science standards in the

MADept.of Education‘s Science and Technol ogy/ Eng
students receive extra credit for participating. The second program involves the provision of after

school —Science Clubs for Gir |l a&ihgaainorin | oc al B
chemistry act as volunteer mentor-scientists in the after school clubs. Various chemistry based

curricula are taught by the chemistry minor students who serve a full semester as a volunteer

mentor-scientist receive a 1-credit internship in chemistry. Both service learning activities

described provide benefits to faculty, college students and in particular to K — 12 students many

of whom may not otherwise have as exciting an exposure to the wonderful world of chemistry!

P499: Engaging STEM: A case study in chemistry education and community partnerships
Erin Saitta (University of Central Florida, USA)

As part of an initiative to engage students in STEM disciplines, the University of Central Florida
has partnered with Crooms Academy of Information Technology, a local magnet high school.
Crooms students are diverse, often with misperceptions of chemistry college classes and careers.
The similarly diverse UCF student body models that careers in science attract a diverse
population, and that college-level science education can be interesting and enjoyable. This
service-learning initiative uses the web-conferencing tool, Adobe Connect, to bring UCF
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chemistry students into contact with high school students with limited access to supplemental
educational opportunities due to low socioeconomic status. The service-learning component is
beneficial by allowing students to re-teach newly acquired content knowledge, which aids in
long-term retention and builds upon course lecture and lab exercises. Approximately 200
chemistry | students worked on a project called Chem-Mysteries through which UCF students

created |l essons to clarify high school studen
in the chemistry 1l laboratory course acted as virtual lab partners with Crooms students in an
interactive kinetics experiment. An overview

are detailed in the case study and serve as a model for future community partnerships. Uses of
technology are emphasized as an essential component in the service-learning alliance.
Difficulties are described, giving rise to a suggested set of best practices for future projects.

P500: NSF GK-12 as a service learning collaboration project

James Valles (Texas Tech University, USA), Dominick Casadonte (Texas Tech University,
USA)

The Building Bridges program is an NSF-funded project at Texas Tech University that seeks to
develop the experience and communication skills of doctoral-level STEM graduate students with
fellow STEM researchers in other disciplines and with in-service secondary mathematics and
science teachers. This talk will focus on my participation, as a mathematics graduate student,
within the program, with a specific focus based on my involvement in Chemistry courses ranging
in level from developmental to Advanced Placement. The expectations and experiences gained
by participation in the Building Bridges program will be explored though the discussion of
classroom lessons | created and implemented in participating chemistry classes. Reactions to the
lessons from the students, teachers, and myself will explore the benefits gained through
participation in Building Bridges.

P501: Extending the impact of service-learning: Teaching K-12 peer mentors

Joan Esson (Otterbein College, USA), Wendy Johnston (Otterbein College, USA)

In most service-learning models in higher education chemistry courses, college students work
with a small, targeted audience. This talk will describe a model used in two of our science
courses in which college students work with a small, targeted audience of younger students to
teach them the principles and methods behind a particular hands-on experience, which these peer
mentors then take back to their own schools to teach to others. In a service-learning based
Science Outreach course, our students consult with K-12 teachers to develop and implement
instructional units based on their grade-level education standards. This past year we extended the
program to include a pilot wherein our students worked with honors middle school students to
become peer mentors in elementary school outreach activities. Interestingly, the peer mentors
were so excited about their involvement that they implemented a more advanced unit for their
own grade. Additionally, in Instrumental Analysis, our students developed an activity for upper
level high school students, which was then shared with lower level students.

2:00 PM - 5:00 PM WH-314

S36: The G, O, Bs of Allied Health Chemistry — Part 2 of 2
Laura Frost (Georgia Southern University, USA)
This symposium invites educators of allied health chemistry using non-traditional formats in
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either a one- or two-semester General, Organic, and Biochemsitry (GOB) course to share their
classroom instructional strategies, and/or their organization of course content.

2:00 introduction

. Kenneth

'05Friedrich P502: Di stance | earning for GOB ¢

P503: Going the distance: GOB in a distance learning environment -
challenges and rewards

P504: Engaging general, organic, and biochemistry (GOB) students by re-
visiting the Thayer Method of teaching and learning

2:25 Lois Bartsch

2:45 David Pursell

Penny
Workman
3:25 break

P506: Collaborative note taking: Shared class notes and lecture recordings
to improve student success

P507: Use and improvement of lecture vignettes in communicating key
ideas in GOB courses

.~ Julie P508: Motivating students in a GOB course: Rewarding successful
4:20 .
Abrahamson  strategies

3:05 P505: POGIL in the GOB classroom

3:40 Dan Stasko

4:00 Craig McClure

P502: Distance learning for GOB chemistry: What works, what doesn’t

Kenneth Friedrich (Portland Community College, USA)

Over the last two years Portland Community College (Portland, Oregon), has developed a fully
online distance learning option for the year long GOB Chemistry series. It is a combination of
content modules, at-home wet lab chemistry experiments, online homework, and live interactive
office hours. Enrollment has been high and is increasing. Kathy Carrigan and Ken Friedrich plan
on presenting an inside look into how the course is delivered and how students are assessed.
They will also share the development problems and successes. If you have been thinking about
offering a distance learning chemistry course this is the session for you.

P503: Going the distance: GOB in a distance learning environment - challenges and
rewards

Lois Bartsch (Graceland University, USA)

Teaching the GOB in a distant learning environment has different challenges than those of a
traditional classroom. Graceland University teaches the chemistry course for the allied health
profession in two sections, one that is in the traditional setting and the other as a distance
learning course. Each course has its own set of challenges; however they have several of them in
common as well. The challenges of teaching GOB in an entirely online format and differences
between the two formats that we have noticed will be discussed.

P504: Engaging general, organic, and biochemistry (GOB) students by re-visiting the
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Thayer Method of teaching and learning

David Pursell (Georgia Gwinnett College, USA)

GOB instructors at Georgia Gwinnett College, a 4-year, open access, liberal arts college in the
University System of Georgia, engage students by re-visiting the Thayer Method of teaching and
learning to create an updated method that works with 21st century students. The method
emphasizes a detailed syllabus and content applications that guide student preparation before
class, instructor Q/A to gauge progress at the beginning of class, students performing and
discussingin-c | ass chemical demonstrations, individua
whi t eb o ar Mdss dtudedt teaitation/discussion of board problem solutions to
classmates, and daily feedback via quizzes. The underlying premise of the method is that
students are willing and capable of making substantial preparation before coming to class and lab
in order to maximize efficiency of student-instructor contact time. It is during this student
preparation phase that we substantially engage students with technology via content applications.
As students prepare before class (anywhere and anytime), they may access course administrative
and content materials via traditional course text and its solutions manual as well as web,
computer, and handheld devices (for exampl e,
chemistry nomenclature, molecular structures, and chemical reactions; audio/visual
demonstrations of chemical lab techniques they will perform as part of laboratory
experimentation; and mini-lectures prepared using the Smart Board Airliner Interactive Tablet)
for upcoming sessions. Coupled with a student friendly course text, these applications enable
substantial student preparation before class and lab. Students have responded favorably to this
student-centered approach as compared to instructor-centered lecture approaches.

P505: POGIL in the GOB classroom

Penny Workman (University of Wisconsin —Marathon County, USA)

Survey of Biochemistry is the second half of the two-semester GOB sequence in the University
of Wisconsin Colleges. The course includes a small amount of organic chemistry, but focuses
primarily on biochemistry. Since 2006, this course has been taught on the UW-Marathon County
campus using the instructional technique known as Process Oriented Guided Inquiry Learning
(POGIL). This talk will focus on the utilization of this strategy for teaching and learning in the
GOB Biochemistry course.

P506: Collaborative note taking: Shared class notes and lecture recordings to improve
student success

Dan Stasko (University of Southern Maine, USA)

Chemistry for allied health professions, aka nursing chemistry, is a class students often love to
hate. One attempt to improve student success and access to the material will be described. This
new method is the use of collaborative note taking. Students in the allied health chemistry course
were given the opportunity to take class notes using digital note taking devices during lectures.
These lecture notes were shared online with the entire class, distributing the note taking
workload and offering students an alternate interpretation of the class discussion and lecture. In
conjunction with these class notes, audio capture of the coursework was shared. Student opinion
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and self-identified utilization were surveyed several times during the semester and 6 weeks after
the end of the semester. Student utilization of the online notes was also monitored using
conventional tracking tools and during this presentation behavioral trends and potential
implementation strategies will be discussed.

P507: Use and improvement of lecture vignettes in communicating key ideas in GOB
courses

Craig McClure (The University of Alabama at Birmingham, USA)

Examples, anecdotes, and stories are frequently integrated into lectures to emphasize importance
and applications of the course content in GOB courses. The effectiveness of these lecture tools
may vary widely in their ability to illustrate the main points of a lecture to the students.
Examples of topics which have been used effectively to emphasize organic and biochemistry
concepts will be presented, along with a framework for analysis and improvement of vignettes
currently in use. Building new examples and increasing their connections to the course
foundational material will also be addressed.

P508: Motivating students in a GOB course: Rewarding successful strategies

Julie Abrahamson (University of North Dakota, USA)

Years of experience convince me that regular study habits are the best way for a student to
succeed in chemistry. How this is encouraged via the course design depends on the instructor.
Developing a course is a process that occurs as a combination of borrowing from previous
instructors and modifications that are added with experience. At my institution, General
Chemistry follows the model of grading primarily on exams and smaller online assignments.
Large class size challenges and multiple lecturers for the same course do not encourage novelty
on the part of one instructor. By contrast, my Introductory Chemistry and Introduction to
Organic and Biochemistry courses use a variety of graded opportunities to encourage good habits
in students. The components of the grading scheme affect the relative ease of earning a specific
grade, separate from exam scores. In any course, there is value in rewarding success strategies
with a grade impact. The outcomes for students in General Chemistry courses will be compared
to those in Introductory Chemistry courses.

2:00 PM - 5:00 PM U-412

S26: Web Based Applications for Chemical Education — Visualizations

Robert M. Hanson (St. Olaf College, USA), Robert BelfordUniversity of Arkansas — Little
Rock, USA)

This symposia seeks to bring developers of web-based applications together with chemical
educators to share experiences and innovations. We are looking for presentations from the
perspectives of development and implementation of web based applications, along with how the
open access nature of the web and social networking technologies have changed the way
scientists and educators communicate information, and how that is impacting chemical
education. Papers are invited relating to specific web-based applications, creative solutions to
web-based issues in the context of chemical education, reports of the impact of web-based
applications on pedagogy and learning, or visions of the future.

2:00 introduction
2:05 Jessica Weller P509: Web 2.0 technology and representations of the particulate nature of
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matter.
995 Kelly P510: PhET interactive simulations: Free, research-based resources for
™7 Lancaster teaching and learning chemistry

P511: Bound to fail: challenges faced in the design of molecular level
visualizations

P512: Recurring patterns: A cross-disciplinary approach to the big ideas of
molecular science

2:45 Resa Kelly

3:05 David Yaron

3:25 break
3:40 Prem Sattsangi P513: Web-Based tutorial to explain lattice energy
4:00 Barbara L. P5_14: I_Exploring interacti\_/ity d_ir_nensionality, and assessment in an
Gonzalez animation prototype for visualizing molecular geometry and polarity
4:20 Xav_ier Prat- P515:_ Moleculeg 360: A collection of molecular properties on the web for
Resina chemical education
P516: DIY molecules: Web application to build your own 3D chemical

4:40 Angel Herraez
structures

P509: Web 2.0 technology and representations of the particulate nature of matter.

Jessica Weller (Purdue University, USA), Sarah Freemyer (Purdue University, USA), Mary
Nakhleh (Purdue University, USA), Nahyr Rovira-Figueroa (Purdue University, USA)

Research has shown that high school students have a variety of misconceptions about the
particulate nature of matter. Chemists and chemistry teachers work with three levels of
representations: the macroscopic level of experiments, the symbolic level of equations/symbols,
and the molecular level of atoms, molecules, and ions. Chemistry experts have the ability to
easily transform one level of representation into another, but novice learners do not easily
develop this skill. Therefore, the goal of this project was to create a chemical reactions module
that explicitly integrates the three levels of chemical representations. Standard software and Web
2.0 technology (e.g. YouTube, TeacherTube, Google Docs, Google Sites, and Google Forms)
provided the framework to present these topics in an engaging and diverse manner. The
development of the module and issues related to open-access, user-friendly interfaces, and online
storage capability of student responses will be discussed

P510: PhET interactive simulations: Free, research-based resources for teaching and
learning chemistry

Kelly Lancaster (University of Colorado, USA), Robert Parson (University of Colorado at
Boulder, USA), Katherine Perkins (University of Colorado, USA)

The PhET project is an ongoing effort to develop interactive simulations to enhance the teaching
and learning of science. Of the 80+ sims freely available on our website -
http://phet.colorado.edu - over 20 address concepts in chemistry. Also included on the website
are lessons contributed by teachers who utilize PhET sims in their classrooms. The sims are
designed to enable students to connect real-life phenomena to the underlying science, to
determine cause-and-effect relationships, and to link multiple representations. Each sim is tested
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in student interviews to ensure that the sim supports student engagement and understanding of
the scientific concept. In this talk, we give an overview of our design process and present results
from our research on PhET sims in a variety of settings.

P511: Bound to fail: challenges faced in the design of molecular level visualizations

Resa Kelly (San Jose State University, USA), Mark Bishop (Monterey Peninsula College, USA)
The nature of matter at the particulate level is certainly more complex than we can show in a
computer animation and probably more complex than we are capable of imagining. For the
people creating computer animations that illustrate the particulate nature of matter, this
conclusion can be liberating, but also frustrating. If we are bound to fail in our animation of
reality, we can relax and just focus on trying to illustrate key ideas that we would like to
illustrate for our chemistry students. However, the impact of the animations, if done properly or
improperly, can have a lasting impact on the students' conceptions. In order to seek guidance in
the creation of particle-level animations, Resa Kelly and Mark Bishop submitted a paper for the
Fall 2009 CCCE Newsletter, which was discussed on the CONFCHEM Listserv. In this
presentation, we will show some of the animations we have created and describe the discussion
that took place on the listserv. You can see our animations at
http://www.cs.sjsu.edu/~teoh/ELTanimations/ELT Masterfile_1.swf and
http://preparatorychemistry.com/Bishop_animations.htm.

P512: Recurring patterns: A cross-disciplinary approach to the big ideas of molecular
science

David Yaron (Carnegie Mellon University, USA), Colin Ashe (Massachusetts Institute of
Technology, USA), Laura M. Bartolo (Kent State University, USA), W Craig Carter
(Massachusetts Institute of Technology, USA), Michael Karabinos (Carnegie Mellon University,
USA), John J. Portman (Kent State University, USA), Donald R. Sadoway (Massachusetts
Institute of Technology, USA)

Students are exposed to molecular science in chemistry, biology, physics and materials science
courses. Although the focus and details of the instruction differ, "recurring patterns™ appear in
the explanatory frameworks and tools. Our goal is to make these recurring patterns explicit for
students in introductory courses, such that they can integrate the ideas across disciplines and
construct a coherent and robust set of knowledge. Our currently released materials are on free
energy landscapes as a means to understand the effects of temperature on molecular processes.
This recurring pattern is central to each of the disciplines, but current instruction fails to draw
interdisciplinary connections. Our online materials use molecular-level simulations to allow
students to explore connections between the energy landscapes and the resulting populations and
rates. The target concepts include the distinction between energy and free energy, and its relation
to the statistical mechanical definition of entropy. Under development are activities in which
students explore various implications of weak and strong interatomic forces. The binding of two
monomers to form a dimer is first explored as function of the strength of the binding interaction
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and temperature. Simulations of systems with both weak and strong forces are then used to
examine such issues as hierarchical structure formation (e.g. polymer formation followed by
chain folding) and kinetic versus thermodynamic control in self-assembly processes. The
materials are housed in the Materials Digital Library (http://www.matdl.org) and the
ChemCollective (http://www.chemcollective.org). Results from assessment in both chemistry
and engineering classes will be presented.

P513: Web-Based tutorial to explain lattice energy

Prem Sattsangi (The Pennsylvania State University — Eberly Campus, USA), Christopher Byers
(The Pennsylvania State University, USA)

Calculation of Lattice Energy of a solid involves understanding of several concepts such as (a)
Heat of Formation, (b) Heat of vaporization/sublimation of a metal, (c) Heat of dissociation of a
non-metal, (d) lonization of a metal, (e) Electron Affinity of a non-metal, and (f) Lattice Energy.
Each of these processes involve thermo-chemical equations with their associated energy changes.
The Born Haber Cycle utilizes these equations to calculate the Lattice energy if heat of formation
is known and vice versa. Students, in general, find it quite confusing. The learning object created
has been designed to explain these processes using animations and demonstrations of concepts.
Special attention has been paid to represent the gain or loss of energy at each step and how these
are added together to calculate the Lattice Energy. Several examples of estimating and
calculating lattice energy are included.

P514: Exploring interactivity dimensionality, and assessment in an animation prototype for
visualizing molecular geometry and polarity

Barbara L. Gonzalez (California State University Fullerton, USA), Elizabeth Dorland
(Washington University, USA), Robin Heyden (n/a, USA), Matthew Radcliff (Paignton Pictures,
USA)

Many emerging technologies incorporate animation and three-dimensional visualization features
that support learning, but when these technologies are used to support chemistry instruction,
student achievement is not necessarily what is expected. The gap is particularly profound when
students study complex concepts such a molecular geometry and polarity. A collaboration of
researchers with collective expertise in chemistry, chemical education, filmmaking, and
instructional media development, has developed an experimental animation prototype of
particulate phenomena in chemistry. The prototype explores design principles for animation,
depicting the relationship between polarity and molecular geometry, and attempts to embed a
dynamic assessment instrument to evaluate student understanding. Preliminary results reveal that
after formal instruction students can correctly select molecular geometry from a Lewis diagram
cue and correctly draw bonds in three simple molecules, but their explanations indicate a shallow
understanding of molecular geometry as a concept in three-dimensional space. Students were not
able to relate the symmetry of electron distribution to the polarity of a bond or molecule in
written explanations. Results from further studies with the animation prototype will be presented.
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This project will help define a set of animation design principles and guidelines for dynamic
embedded assessment that can be leveraged by other chemical education researchers.

P515: Molecules 360: A collection of molecular properties on the web for chemical
education

Xavier Prat-Resina (University of Wisconsin —Madison, USA), Jon Holmes (University of
Wisconsin —Madison, USA), John Moore (University of Wisconsin — Madison, USA)

The web contains a lot of scientific data, but most of these data are stored in complex, all-
purpose databases that try to be an all-purpose server for the entire scientific community.
However, the community of chemistry educators still lack a reliable and concise tool that permits
them to easily introduce web materials in the class. We present here a collection of atomic and
molecular data that is aimed to fill the gap between scientific databases and the classroom. Our
collection contains several hundreds of molecules. They are all common molecules used in
teaching organic and inorganic chemistry. Some molecules in the collection include additional
properties such as electronic density, MOs, vibrational modes and IR spectra, resonance analysis
and symmetry operations. The user can view these properties in 3D (using Jmol) or 2D (using
MarvinSketch) representations. We have created tutorials that use the collection to teach
common chemistry topics such as polarity of molecules, symmetry, VSEPR etc. All this data
(and more) is stored in an Enterprise Content Management System. We have created an ontology
for chemical data that permits us, using our API, to extract the data from the database and
repurpose it to create new educational tools. The user can add more molecules to the collection
providing only a PubchemID or a coordinate file. It is also possible to deploy these data on a
remote web server running software such as MediaWiki or Moodle LMS.

P516: DI'Y molecules: Web application to build your own 3D chemical structures

Angel Herraez (Universidad de Alcald, Spain)

Perceiving molecules as three-dimensional entities is an essential ability to be acquired by
students in chemistry and biochemistry. Plenty of tools exist to visualize 3D models of chemical
structures; most of them rely, however, on the availability of files with molecular coordinates. It
is hence interesting to have a tool that allows anyone to build on demand a model for any desired
structure. Existing methods require separate software to draw the structure and to display the
result, intermediate saving of files, or local installation of appropriate software, and learning how
to use it. The application here presented, "Do-It-Yourself Molecules”, runs within a web browser
without the need for specific software, does not use a server and so can be used locally (even
from a CD-ROM) as well as through the internet, under most operating systems. The interface
integrates a panel for drawing the structure in 2D, a mechanism for generating an energy-
optimized 3D conformation, and a panel where such 3D structure is displayed and may be
interacted with. Furthermore, the optimization of the flat structure towards a 3D conformation is
displayed in real time, adding great pedagogical value, as the user sees the bonds stretching and
wiggling until the model reaches a proper stereochemistry. The model produced may be saved or
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directly submitted to an instructor for assessment. All the software used is open source and cross-
platform, and the application is offered under a Creative Commons license.
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