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Monday, August 2 morning 

Symposia sessions 

Start End Room Title 

9:20 11:20 U-415 Assessment in Chemistry Education 

9:00 11:40 WH-121 Atoms First in the General Chemistry Curriculum 

9:40 11:40 BIOL-106 Best of Chemistry Professors' Demonstrations 

9:00 12:00 WH-322 Cognition in Chemistry Education 

9:20 11:20 U-409 Community College and University: Sharing Funding, 

Research, Students, Faculty, Instruments and Expertise 

9:00 11:40 WH-213 Educational Programs and Strategies to Enhance Student 

Success 

9:20 12:40 WH-119 Green Chemistry Education: What, Why, How 

9:00 12:00 WH-118 Integration of Nanotechnology into the Chemistry 

Curriculum 

9:00 12:00 U-417 International Experiences for Undergraduate Students 

9:00 12:00 U-418 Learning in the Laboratory: Evidence and Assessment 

9:00 12:00 WH-212 MSPs:  How K-12/College Partnerships Have Improved 

Chemistry Instruction 

9:00 12:00 U-413 POGIL  

9:00 12:00 U-412 Research in Chemistry Education  

9:00 11:20 WH-218 Research Programs and Experiences at All Levels 

9:00 11:40 WH-316 Strategies for Student Engagement in General Chemistry   
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Monday, August 2 morning 

Symposia sessions 

 

9:00 AM - 12:00 PM U-415 

S1: Assessment in Chemistry Education – Part 2 

Theodore Dolter (Southwestern Illinois College, USA), Tyson Miller (University of 

Connecticut, USA) 

Teaching in a college environment has its own set of challenges; however, these challenges 

have/are often turned into opportunities for novel ideas to be implemented and tested. One area 

rich in innovation is the assessment of student learning. This symposium will explore the variety 

of assessment methods.  

9:20   introduction 

9:25 
Lori Van Der 

Sluys 
P89: Using ―high‖ stakes practice tests to assess student learning 

9:45 Kira Padilla 
P90: The pedagogical content knowledge of university chemistry 

professors teaching stoichiometry 

10:05 Lisa Ponton P91: Assessment of student problem solving ability 

10:25   break 

10:40 
Husamettin 

Akcay 

P92: The study of the effectiveness of a computer based constructivist 

learning material for teaching atomic structure and radioactivity 

11:00 Shawn Kellie 
P93: Students‘ expectations, success and attitudes in online chemistry 

courses 

 

P89: Using “high” stakes practice tests to assess student learning 
Lori Van Der Sluys (The Pennsylvania State University, USA), Mary Bojan (The Pennsylvania 

State University, USA) 

In the first year chemistry courses we provide students with exams from previous semesters to 

serve as practice exams. It is fairly common for students to take Practice Tests and feel like the 

actual test is significantly harder. They don‘t seem to benefit from practice tests as much as we 

might hope. Therefore we designed an experiment to see if we could increase the assessment 

value of the practice test for students. We adjusted the practice test delivery method and point 

value associated with the assignment in an effort to increase students‘ understanding of their 

readiness for an exam. The first trial was done by holding a practice test which was a ―regular‖ 

paper exam administered during class time that counted as ~4% of the course grade. In a second 

trial, we repeated this experiment administering a computer based practice test instead of a paper 

test. In this trial, the practice test counted for extra credit in the course and students were allowed 

to access it over a period of 2 days prior to the high stakes exam. However, they could only take 

it once during the ―open‖ period and they could not review the exam until after the deadline for 

taking the practice exam. Finally, we offered the Practice Test on an entirely optional basis. The 

results of these experiments will be presented and discussed along with the challenges of 
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implementing this approach in large classes. 

 

P90: The pedagogical content knowledge of university chemistry professors teaching 

stoichiometry 
Kira Padilla (UNAM, Mexico), Andoni Garritz (Universidad Nacional Autonoma de Mexico, 

Mexico) 

Stoichiometry is one of most difficult subjects in Chemistry, however almost all researches have 

been focused on students‘ comprehension and on strategies that could be useful to improve 

students‘ understanding of this subject. The research goal of this work is to document the 

Pedagogical Content Knowledge (PCK) on Stoichiometry for a set of university chemistry 

professors. A frame similar to the one proposed in their Content Representation (CoRe) by 

Loughran et al. has been constructed by identifying a set of consensual ideas used by professors 

when they teach Stoichiometry to sophomore chemistry students. The CoRe was applied to four 

university professors who have, at least, 15 years teaching chemistry at this level. The main ideas 

identified by professors were substances, percent composition, empirical and molecular formula, 

balancing chemical equations, and expressions of concentration. The analysis was made taking 

into account different aspects that are used as tools when Stoichiometry is taught, and have been 

classified considering the level of explanation and comprehension. Besides, there are not reports 

that talk about teachers‘ beliefs and knowledge related to this subject, so this study is interesting 

because shows what kind of strategies and ways of thinking have chemistry professors on it. 

 

P91: Assessment of Student Problem Solving Ability 
Lisa Ponton (Elon University, USA) 

Advanced General Chemistry at Elon University has recently been converted from a one 

semester course to a two semester sequence that matches the content covered in the standard 

general chemistry sequence. While the conceptual material is identical, there is a greater 

emphasis on using logical reasoning and problem solving skills applied to more in-depth 

examples in the advanced section. After the completion of the first semester of this course a 

comparative assessment was completed to measure the students‘ problem solving abilities. A 

written exercise modeled after the ―think out loud‖ assessment strategy was devised and 

implemented in several sections of general chemistry, including both the advanced and standard 

sections. Students were asked to complete two problems; one from material covered in the first 

semester in the sequence and one from material that had not yet been introduced. At several 

prompts, the students commented in writing on their thinking at that moment. The students in the 

advanced section largely had a second year of general chemistry at the honors or AP level in 

high school. Many students with a similar background also populated the standard sections. 

Because of this, two sets of comparisons were made. The first comparison was between the 

standard sections as a whole, with their varied high school background, and the advanced 

section. A second comparison between the standard and advanced sections was made among 

only those students with an honors or AP level chemistry course in high school. This 

presentation discusses the results obtained from these analyses. 

 

P92: The study of the effectiveness of a computer based constructivist learning material for 

teaching atomic structure and radioactivity 
Husamettin Akcay (Dokuz Eylul University, Turkey) 

Computer supported collaborative learning (CSCL) and computer based learning (CBL) make 
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positive effects on students‘ learning and success. The useful technology is relatively new to the 

classroom, but technology alone will not cure all our instructional ills. The experiments showed 

that about 80% of self-critiquing (reflection) took place during collaborative learning compared 

to 20% which took place when students were learning alone (Kumar,1996). With CSCL, students 

can discuss these strategies with a group of fellow students who can advise, motivate, criticize, 

compete, and direct towards better understanding of the subject matter. However, with computer 

based learning, students cannot find opportunity to share your experiment and discuss your 

knowledge because of studying computer alone. This talk will address the study‘s research 

question, experimental design, and results. 

 

P93: Students’ expectations, success and attitudes in online chemistry courses 
Shawn Kellie (Elizabethtown Community and Technical College, USA) 

Elizabethtown Community and Technical College (ECTC) serves a mostly rural 12 county 

service area with students in two of our three largest service areas driving over half an hour each 

way to attend class. This commute creates a demand for online classes. In an attempt evaluate the 

quality of the online learning experience for chemistry students at ECTC, entrance and exit 

surveys were given to online chemistry students in first semester GOB, first semester General 

College Chemistry and second semester General College Chemistry. These surveys questioned 

students‘ expectations about the difficulty of the course, expected workload and attitude toward 

chemistry. Students were also asked for any comments they might have. The results were 

compared to the survey answers given by students in traditional sections of first semester GOB 

and first semester General Chemistry. In order to directly compare results in online and 

traditional courses, a common final was given to both the online and traditional sections. 

 

9:00 AM - 12:00 PM WH-121 

S14: Atoms First in the General Chemistry Curriculum  

Jason Overby (College of Charleston, USA) 

A significant recent trend in general chemistry has been the adoption of the atoms first approach. 

Traditional layouts of general chemistry are being replaced by atoms first where students are 

exposed to the building blocks of nature first and only after an examination of atoms and their 

properties are compounds introduced along with stoichiometry and the many facets of how 

reactions rearrange atoms. This symposium is designed to provide a timely look at the atoms first 

approach at various institutions. How is atoms first implemented? What topics and what order is 

covered with your atoms first approach? What benefits/pitfalls are encountered with this 

approach? How does this layout affect your laboratory course? 

9:00   introduction 

9:05 Mark Bishop P94: An atoms-first preparatory chemistry text 

9:25 
David 

Doherty 
P95: Enabling atoms first through technology 

9:45 
Steven 

Gravelle 

P96: From the Big Bang to osmosis: Implementing the ―atoms first‖ 

approach at Saint Vincent College 

10:05 
Michael 

Kahlow 
P97: Teaching organic first: A natural extension to atoms first 
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10:25   break 

10:40 Jason Overby P98: Implementing atoms first in general chemistry 

11:00 Mary Bojan 
P99: Atoms first approach: What are we doing better? What are we leaving 

out? 

11:20 Larry Miller 
P100: General chemistry in a single semester: Atoms first as an organizing 

principle 

 

P94: An atoms-first preparatory chemistry text 

Mark Bishop (Monterey Peninsula College, USA) 

Most introductory chemistry textbooks provide brief descriptions of atoms, chemical bonding, 

and chemical compounds, which are followed by descriptions of chemical reactions. They later 

return to more complete descriptions of atomic theory, chemical bonding, and chemical 

compounds. This approach has its benefits, including the early presentation of chemical 

reactions, but many instructors and students prefer to move in a more systematic way from 

simple to more complex...atoms to elements to bonding to compounds to chemical changes. In 

this presentation, I will describe my atoms-first preparatory chemistry text, An Introduction to 

Chemistry – Atoms First, and I will share my experiences in teaching from this text. You can see 

the complete text and all of its tools at 

http://preparatorychemistry.com/Bishop_Atoms_First.htm. I will also describe my novel, low-

cost approach to distributing my work. You can get more information about my project at 

http://preparatorychemistry.com/Bishop_info.htm. 

 

P95: Enabling atoms first through technology 

David Doherty (Bitwixt Software Systems LLC, USA) 

Imagine a student filling an orbital box diagram with arrows that represent electrons. Now, 

imagine that each time she enters an arrow, she sees an animated electron appear in an 

interactive and colorful 3D cloud that corresponds to each box. However, soon she sees those 

overlapping 3D clouds get crowded and confusing. So she separates them in 3D space and 

realizes what she's really doing with those arrows: constructing a beautiful and dynamic 3D 

puzzle -- the atom. Wouldn't it also be nice if, in the course of interacting with this model of the 

atom, the student learns the rules governing how the boxes get populated with arrows? Too often 

atomic orbitals are presented as lifeless textbook figures that aren't even on the same page as the 

discussion of electron configuration. We believe that the 3D capabilities of today's laptops are 

begging us to integrate the symbolic representations of chemistry, such as the orbital box 

diagram, with what the building blocks of nature really look like (well, almost). This is but one 

example of what can be done. If students interact with these models when they're first exposed to 

chemistry, especially if they're presented in the context of the engaging history of atomic theory, 

they will be ready to move on to those topics that are better grasped by first understanding atoms. 

If you're tired of "imagining," come to the talk and we'll show you the benefits of teaching 



Monday Morning Program – 21st BCCE – 2010 
 

 Page 6 
 

"atoms first" with interactive technology. 

 

P96: From the Big Bang to osmosis: Implementing the “atoms first” approach at Saint 

Vincent College 

Steven Gravelle (Saint Vincent College, USA), Caryl Fish (Saint Vincent College, USA) 

The first-semester General Chemistry course at Saint Vincent College has used the ―atoms first‖ 

structure since 2003. Specifically, the major topics of this course are presented in the order atoms 

 molecules  reactions  phases of matter. There were two driving forces for this revision 

from the more traditional format, where stoichiometry is presented before atomic and molecular 

structure: First, we had recently adopted a new core curriculum in the college and wanted to be 

sure that the General Chemistry sequence adequately addressed the relevant goals in the natural 

science portion of that core. Second, we were dissatisfied with the structure of the course and 

decided to rethink the course from the ground up. After a series of careful and deliberate 

departmental discussions, we came up with the structure described above. In this presentation, 

we will explain how our revised General Chemistry course flowed naturally from our goals for 

the course and also how the changes to the lecture course blended nicely with improvements in 

our laboratory course as well. 

 

P97: Teaching organic first: A natural extension to atoms first 

Michael Kahlow University of Wisconsin – River Falls, USA), Ross Jilk (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) 

In 2006, the University of Wisconsin – River Falls Chemistry Department began an evaluation of 

our student audience and performance in chemistry. We discovered that the majority of our 

students are majoring in the life sciences, not the physical sciences. The decision was made to 

redesign the first two years of our curriculum 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. The result is an Organic First curriculum, 

which we began teaching in Fall 2008. The new curriculum begins with an "atoms-first" 

introduction to chemistry in the first semester, leading to simple organic molecular structure and 

reactivity. The sequence continues in the second semester with a foundation course in organic 

chemistry. Biological examples are used extensively to engage the life science students. The 

laboratories in both courses make extensive use of molecular techniques such as IR and NMR 

spectroscopy and mass spectrometry. Courses in the second year focus on inorganic and 

analytical chemistry. The courses become more quantitative as students progress through the first 

four semesters, introducing more mathematical topics only after the students have learned the 

underlying chemistry. The curriculum culminates in an advanced organic synthesis course in the 

junior year for chemistry majors and minors. With our initial cohorts, student retention and 
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progression appears to be better than the traditional general/organic chemistry sequence. We will 

present details of the curriculum along with preliminary assessment data.  

 

P98: Implementing atoms first in general chemistry 

Jason Overby (College of Charleston, USA) 

The atoms first approach was implemented in the general chemistry curriculum at the College of 

Charleston several years ago. This presentation will discuss the advantages and disadvantages of 

taking this approach in teaching general chemistry and the future for this approach at the College 

of Charleston. 

 

P99: Atoms first approach: What are we doing better? What are we leaving out? 

Mary Bojan (The Pennsylvania State University, USA) 

At The Pennsylvania State University, we have been using the Atoms First Approach in General 

Chemistry since the Fall of 2005. In the atoms first approach, we cover the same topics that we 

covered in the ―traditional‖ approach but in a different order. There is more of an emphasis on 

the relationship between atomic structure and function (properties) of atoms and molecules. But 

in the process of this re-organization, when some concepts are included or emphasized, there 

must be concepts or topics that are missing or de-emphasized. Are we leaving out anything that 

is REALLY important? One way of viewing the topics covered or emphasized is to analyze the 

test questions. Questions and topics that appear on the exams are indicative of the importance of 

the topic in the minds of the faculty. At Penn State, we write new exams every semester, so the 

exams can be used to study the changes in course content and student responses can be used to 

judge the quality of learning. Exams given in the fall of 2000-2009 will be analyzed to determine 

the distribution of topics before and after the switch to the atoms first approach. Student 

responses to similar questions on exams before and after the shift will also be compared in an 

effort to judge how well students are learning material that is de-emphasized after this re-

organization  

 

P100: General chemistry in a single semester: Atoms first as an organizing principle 

Larry Miller (Westminster College, USA) 

The Westminster College chemistry curriculum begins with a one-semester general chemistry 

course rather than a traditional two-semester general chemistry sequence. This approach allows 

students to more quickly reach the more stimulating material of the specific subdisciplines of 

chemistry and allows for development of some of the more advanced ideas often presented in a 

two-semester sequence (e.g., molecular orbital theory, unit cells, transition-metal chemistry) to 

be discussed more appropriately within the specific subdisciplines. The single semester course 

was reorganized around the concepts that are central to all subdisciplines of chemistry. Such 

topics include atoms and ions, bonding, molecular shape, chemical reactions, kinetic theory, 

equilibrium, and thermodynamics. This talk will discuss our evolving efforts to develop a 

coherent sequence of topics and laboratory activities based on these central concepts of 
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chemistry, beginning with atoms as the foundation. Results from the ACS full-year general 

chemistry exam will also be discussed as a measurement of the effectiveness of the single-

semester, atoms first approach. 

 

9:00 AM - 12:00 PM BIOL-106 

S15: Best of Chemistry Professors' Demonstrations – Part 1 of 2 

Jo King (Canyon Randall High School, USA) 

Tertiary-level chemistry instructors and/or lecture-demonstrators will present a series of 

chemical demonstrations used to help students with their understanding and learning of the 

chemical concepts taught in college level chemistry courses including general, organic, 

inorganic, and physical chemistry. The demonstrations will be presented as they would be in the 

classroom. A detailed handout (hard-copy or electronic) that describes the 1) relevant concepts & 

applications, 2) materials and equipment including resources of less common items, 3) safety and 

disposal issues, 4) any needed advanced preparation, 5) instructions for performing, 6) 

pedagogical suggestions, & 7) references. The symposium will be sponsored by Sergeant-Welch 

(Dr. Mark Meszaros) who will provide the chemicals needed by the presenters at no cost.  

9:40   introduction 

9:45 Charles Freidline P101: The mass of gases as a function of molar mass demo 

10:05 
Brahmadeo 

Dewprashad 

P102: Mechanisms underlying color changes in dye from a red 

rose 

10:25   break 

10:40 William Deese P103: Henry Cavendish and the hydrogen balloon explosion 

11:00 James Maynard P104: Folding of bovine serum albumin in solution 

11:20   discussion 

 

P101: The mass of gases as a function of molar mass demo 
Charles Freidline (Union College, USA) 

The masses of a known volume of each of three gases (CO2, air and He) in balloons are 

predicted, and then weighed on a toploader balance, setting the weight of empty balloon as the 

tare. While air is predicted to weigh about 4.9 grams, startlingly, it weighs about zero! CO2 is 

about the same mass short of predicted and He (some humor here!) has to be taped to the 

balance, upon which it gives a negative weight! Thought analysis relates moles and mass, 

buoyancy of air displaced, and density. Low weights are compensated by adding the predicted 

weight of air to give the predicted values. The slight positive value of air is pointed out as due to 

the air in the balloon being above barometric pressure.  

 

P102: Mechanisms underlying color changes in dye from a red rose 
Brahmadeo Dewprashad (Borough of Manhattan Community College, USA) 

A colorful and engaging demonstration was developed and used to engage students and lead 

them to an exercise which provides them with additional practice writing reaction mechanisms. 

The demonstration is based on the pH dependant structural and accompanying color changes that 
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occur in the dye molecule of roses. The demonstration uses an extract of red roses to color a 

sketch of a picture of flowers in a vase and then painting over portions of the drawing with 

solutions of different pH. This result in transformation of the drawing from a rose colored one to 

a multicolored one. Students are then taken through a guided exercise in writing the organic 

mechanism underlying each color change.  

 

P103: Henry Cavendish and the hydrogen balloon explosion 
William Deese (Louisiana Tech University, USA) 

In 1785 Henry Cavendish described experiments in which hydrogen and air were combined and 

ignited with electrical sparks. He was also the first to note that the product of the combustion of 

hydrogen is water. I will demonstrate a unique method of exploding a hydrogen balloon that 

directly involves Cavendish and his historic contributions.  

 

P104: Folding of bovine serum albumin in solution 
James Maynard (University of Wisconsin – Madison, USA) 

Abstract: Folding of BSA in solution with ANS as a fluorescent indicator Protein folding is a 

recently explored phenomenon that allows for ion transfer of a speed far exceeding diffusion 

through a solution. Protein conformations explain a great deal about the functions of proteins and 

their behavior with respect to changing chemical conditions. This lecture will focus on tertiary 

level instruction on the subject of protein folding behaviors versus pH, temperature, and osmotic 

destabilization.  

 

9:00 AM - 12:00 PM WH-322 

S4: Cognition in Chemistry Education – Part 2 of 3 

Daniel Domin (Triton College, USA) 

This symposium is designed to be a gathering of researchers and educators with an interest in the 

role of cognition in chemistry education. We will present our findings and discuss the cognitive 

issues associated with the teaching and learning of chemistry. We invite researchers, graduate 

students and sponsored undergraduate researchers to join us in the conversation. We solicit 

scholarship associated with the cognitive processes of learning; the application of research 

findings to theoretical and practical teaching perspectives and methods; neurological and 

psychological foundations of learning and cognition; knowledge construction through mental 

models and other constructs; and other cognitive aspects of the learning/teaching paradigm.  

9:00   introduction 

9:05 
Mailoo 

Selvaratnam 

P105: Competence of first-year college students in some basic intellectual 

skills and strategies 

9:25 Eric Nelson 
P106: Cognition, math skills, and chemistry: Trends in student test scores 

in math computation and the implications for chemistry instruction 

9:45 
Benjamin 

Sandler 

P107: Math as a second language: A new model for math literacy in the 

science classroom 

10:05 Maria Sheehan 
P108: Cognitive development of Irish pupils/students and its implications 

for the teaching and learning of chemistry 

10:25   break 

10:40 Seth Anthony P109: Interrelationships of feedback, metacognition, and performance in 
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students‘ written models of chemical systems within the Model-Observe-

Reflect-Explain (MORE) Thinking Frame 

11:00 Jackie Stewart P110: Practicing retrieving knowledge: An instructional technique 

11:20 
Nathan 

Barrows 

P111: Working memory and retrosynthesis in undergraduate organic 

chemistry: Does your brain work in reverse? 

11:40 Erik Epp P112: Cognitive load and student navigation of hypermedia 

 

P105: Competence of first-year college students in some basic intellectual skills and 

strategies 
Mailoo Selvaratnam (North West University, Mafikeng Campus, South Africa), Dharshi 

Bopegedera (The Evergreen State College, USA) 

The competence of eighty-nine college students preparing to take introductory/general chemistry 

was tested on some basic intellectual strategies and skills considered important for problem 

solving in science. Four intellectual strategies were tested: clearly presenting the problem (e.g., 

pictorially), focusing sharply on the goal, identifying the principles involved in the solution, and 

proceeding step-by-step, focusing on one step at a time. The intellectual skills tested were 

associated with direct and inverse proportion reasoning, the use of equations and graphs, and 

three-dimensional visualization. The results showed that student performance was poor. Average 

performance on all 35 questions used for testing showed that about 45% of the students had 

difficulties, even though most of the questions tested very basic strategies and skills. For 

example, about 20% of the students were unable to do a calculation that involves a familiar 

direct proportion relationship, about 60% were unable to identify an inverse proportion 

relationship between two familiar quantities and then do a calculation, about 45% thought 

incorrectly that the mass of a gas in a mixture of gases would double when its temperature is 

doubled, and about 45% could not combine two simple equations. In this presentation, we will 

discuss the meaning of these findings and how they relate to our teaching strategies, especially at 

the introductory/general chemistry level. The results of this study will also be compared with 

studies done involving South African students.  

 

P106: Cognition, math skills, and chemistry: Trends in student test scores in math 

computation and the implications for chemistry instruction 
Eric Nelson (Retired, USA) 

In problem solving at all levels, cognitive scientists emphasize the importance of ―domain-

specific background knowledge.‖ ―Automaticity in the fundamentals‖ is also cited as a key factor 

in overcoming inherent limitations in the ―working memory‖ where problems are solved, 

especially for novice learners. To prepare students for higher-level work across the sciences, 

solving calculations is a focus of initial chemistry courses. Math computation is a background 

skill that students are often assumed to have acquired in classes prior to chemistry. Is that 

assumption valid for the current generation of students? This paper will present trends in test 

score data for students since the widespread K-12 adoption of ―NCTM-standard‖ math textbooks 

in the early 1990s. Overall, these data show a substantial decline in student math computation 

skills. A sample of available data for states and localities will be distributed in which scores in 

math computation both increased and decreased, as well as the curriculum differences that may 

have contributed to those trends. The impact of computation skills on the "cognitive load" 

encountered while solving chemistry problems will be discussed. The opportunities for 
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instructors to voice their views on state K-12 standards for math computation that impact student 

learning in the physical sciences will also be reviewed.  

 

P107: Math as a second language: A new model for math literacy in the science classroom 
Benjamin Sandler (Oklahoma State University, USA) 

Students in the science classroom must be able to connect the physical reality of a system with 

its mathematical description. But, traditional, derivation-based teaching connects the two with 

lengthy and abstract mathematical manipulations that do little to provide students with an 

immediate, intuitive understanding of the meaning of the equations. The Math as a Second 

Language (MSL) methodology uses a range of techniques to teach students to read equations as 

descriptions of physical systems, as if they were reading English text. For example, equations are 

broken down into "vocabulary words" which describe different aspects of the physical system's 

behavior. Students are taught to associate these "words" with intuitively accessible mental 

pictures that represent each of these aspects. When these "words" recur across different 

equations, students can recognize them as describing similar qualities of different systems. The 

effectiveness of MSL was tested in a junior-level biochemistry class using mixed methods. 

Students were provided with MSL-based materials which they used at their own discretion. Their 

performance on relevant exam questions was correlated with whether they used the materials. 

Students using MSL were as much as twice as likely to answer relevant questions correctly as 

were students who did not use the materials. This correlation appeared for both qualitative and 

quantitative understanding of the material, and persists even when student scores are normalized 

for overall performance on non-mathematical items. Student feedback on MSL was enthusiastic. 

The techniques of MSL, its effect on student performance, and future directions will be 

discussed. 

 

P108: Cognitive development of Irish pupils/students and its implications for the teaching 

and learning of chemistry 
Maria Sheehan (University of Limerick, Ireland) 

It has been well documented that pupils‘ cognitive development has a major effect on their 

performance in chemistry. This paper presents the findings of a study carried out on Irish Junior 

and Leaving Certificate pupils and first-year university students, which assessed their cognitive 

development. A test instrument was developed and administered in Irish second-level schools in 

April 2008. A total of 20 schools were involved in this investigation and 323 Junior Certificate 

pupils and 228 Leaving Certificate pupils completed the test instrument. This same test 

instrument was administered to 336 first-year University of Limerick students in September 

2008. Results indicated that the majority of Junior and Leaving Certificate science/chemistry 

pupils operated at the concrete operational stage of cognitive development. The results also 

showed that 8.7% of the Junior Certificate, 17.7% of Leaving Certificate pupils and 38.7% first-

year university students operated at the formal operational stage of cognitive development. This 

investigation also showed a significant link between pupils‘ cognitive development and the 

number of chemistry misconceptions and with their mathematical ability. Pupils taking higher-

level mathematics for the Junior or Leaving Certificate examinations were more likely to operate 

at the formal operational stage of cognitive development.  

 

P109: Interrelationships of feedback, metacognition, and performance in students’ written 

models of chemical systems within the Model-Observe-Reflect-Explain (MORE) Thinking 
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Frame 
Seth Anthony (Colorado State University, USA), Dawn Rickey (Colorado State University, 

USA) 

Several aspects of students‘ written models of chemical systems produced during laboratory 

instruction using the Model-Observe-Reflect Explain (MORE) Thinking Frame are associated 

with success at solving novel (―transfer‖) problems. However, students often struggle with these 

key aspects, particularly with providing complete and accurate descriptions of how their 

molecular-level models have changed and using experimental evidence to support these model 

changes. One factor that may contribute to students‘ poor performance on these tasks is 

inaccurate self-evaluations of the quality of the models they produce. In a semester-long study 

designed to examine this aspect of students‘ metacognitive monitoring ability, one group of 

students was provided with ―reflective‖ instructor feedback that focused on prompting students 

to monitor the quality of their work, while another group was provided with ―direct‖ instructor 

feedback that focused on identifying specific deficiencies in student models. This study 

examines the relationships between the feedback students received, the quality of models they 

produced, and the accuracy of students‘ evaluations of their own and peers‘ models, as measured 

by model-reviewing activities during the semester. 

 

P110: Practicing retrieving knowledge: An instructional technique 
Jackie Stewart (University of British Columbia, Canada) 

Practicing retrieving knowledge (self-testing) is a common study strategy for organic chemistry. 

Students practice retrieval by repeatedly drawing reaction mechanisms and by using flashcards. 

Self-testing is a well-established method for improving retention. Despite the usefulness of 

retrieval practice, it does not always produce the desired result. Due to poor self-regulation skills, 

students may not choose the best topics for self-testing because they have inaccurate assessment 

of what they know. In this talk, I will describe a method for getting students to retrieve 

knowledge during class time. The methods uses three layer carbonless copy paper (CCP). During 

class, students write a solution to a problem on the CCP and hand in the top page. On the next 

page, students can modify their solution as the instructor discusses it with the class. Students 

hand in a corrected copy and keep the third layer with their notes. I will present data from CCP 

analysis and discuss students‘ perceptions of this method. I will also address the extent to which 

this activity aids in developing more accurate self-assessment of learning. 

 

P111: Working memory and retrosynthesis in undergraduate organic chemistry: Does your 

brain work in reverse? 
Nathan Barrows (Grand Valley State University, USA), Janet Bond-Robinson (Arizona State 

University, USA) 

For many undergraduate organic chemistry courses, the design of reasonable syntheses is a 

capstone activity that ostensibly reflects students‘ knowledge of organic reactions. However, 

students with similar course grades show a wide range of aptitude for organic synthesis despite 

the common pedagogical practice of teaching retrosynthetic analysis as a problem-solving 

method. A recent study investigated the problem-solving methods of 22 "A-level" undergraduate 

students enrolled in the second semester of a full-year sequence in organic chemistry at a major 

research university. The findings suggest that working memory capacity is correlated with 

students‘ approaches to solving organic synthesis problems. Only students with the largest 

working memory capacities consistently applied retrosynthetic techniques when solving 
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synthesis problems. 

 

P112: Cognitive load and student navigation of hypermedia 
Erik Epp (Purdue University, USA), Gabriela Weaver (Purdue University, USA) 

The Physical Chemistry in Practice DVD is a set of hypermedia documentaries that showcase 

applied physical chemistry research. Hypermedia has been associated with additional cognitive 

load in comparison to traditional linear text due to the added requirement of tracking one‘s 

location in a hypermedia environment. In this study, students interacted with the Physical 

Chemistry in Practice DVD and their interactions with the hypermedia were recorded. Several of 

the students were also interviewed on their thought processes while using the hypermedia. These 

interviews were analyzed and aspects of intrinsic, extrinsic, and germane cognitive load that 

affected student navigation will be discussed. Implications for student learning will be examined. 

 

9:00 AM - 12:00 PM U-409 

S5: Community College and University: Sharing Funding, Research, Students, 

Faculty, Instruments and Expertise – Part 2 of 2 

Carolyn Judd (Houston Community College, USA) 

Houston Community College, with no formal history of research, has just had a very successful 

summer research program with the University of St. Thomas in Houston. A $2.4 million 2-year 

Department of Education CCRAA Grant also funded instruments for HCC that were twins of 

those at the University of St. Thomas. Throughout the year, members of both institutions meet 

monthly for training, planning, and collaboration, forming a bond between the institutions. 

Examples of other cooperative ventures will be presented: from San Antonio to El Paso, from 

Rice University to Texas Wesleyan University and beyond.  

9:20   introduction 

9:25 
Michael 

Shanklin 

P113: Access to NMR spectroscopy for two-year college students: The NMR 

site at Trinity University 

9:45 
Robert 

Landolt 

P114: Texas Wesleyan University: Reflections on research and resource 

collaborations 

10:05 
Susan 

Grigsby 

P115: Houston Community College and University of St. Thomas: Students, 

funded by a CCRAA Department of Education grant, learned biochemical 

techniques in a summer enrichment program  

10:25   break 

10:40 
Bartlett 

Sheinberg 

P116: Undergraduate science research experience (USRE) and its 

transformative nature for Houston Community College students 

11:00 
James 

Newton 

P117: PUENTES: A Bridge between Laredo Community College and Texas 

A&M International University science departments 

 

P113: Access to NMR spectroscopy for two-year college students: The NMR site at Trinity 

University 

Michael Shanklin (Palo Alto College, USA), Nancy Mills (Trinity University, USA) 

Palo Alto College and its sister colleges within the Alamo Colleges community college system 

have been providing our students with economical access to high field NMR using a regional 
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NMR site located at Trinity University. This paper will discuss how the NMR site works and 

how regular access to NMR data for real compounds can improve student success in learning 

spectroscopy. 

 

P114: Texas Wesleyan University: Reflections on research and resource collaborations 

Robert Landolt (Texas Wesleyan University, USA) 

In the early 1980s Texas Wesleyan was the first independent (private) institution to receive on-

going support from the Departmental Research Grant program of the Welch Foundation. 

Undergraduate research has been conducted on a continued basis yearly since then. Frequently, 

activities conducted in collaboration with community college programs have included 

involvement of students, nominated by Community College Faculty, with full time, summer 

research at Wesleyan. Additionally, presentations for community college students and faculty 

regarding instrumentation and modern information management have been conducted. Results of 

these activities and criteria critical for success will be discussed. 

 

P115: Houston Community College and University of St. Thomas: Students, funded by a 

CCRAA Department of Education grant, learned biochemical techniques in a summer 

enrichment program  

Susan Grigsby (Houston Community College , USA), Nathalie Cras (University of St. Thomas, 

USA), Hervey Faz (Houston Community College, USA), Alexandra Foulkes (University of St. 

Thomas, USA), Neil Gala (University of St. Thomas, USA), Georgene Jalbuena (University of 

St. Thomas, USA), Amber McDonald (Houston Community College, USA), Dalton McWhinney 

(Houston Community College, USA), Eduardo Mulanovich (University of St. Thomas, USA), 

Isaiah Schauer (University of St. Thomas, USA) 

As the confluence of chemistry and biology continues, students need to be aware of biochemical 

techniques. Houston Community College faculty and students carried out a summer research 

effort in collaboration with University of St. Thomas faculty and students. They were able to 

employ techniques commonly used in biochemistry labs. The new biochemistry lab at the 

University of St. Thomas, funded by the CCRAA Department of Education grant, was one of the 

driving forces for the research. Results from the biochemical analysis of mouse embryonic 

carcinoma cells include identification of protein markers induced by retinoic acid treatment. 

Details will be given about the implementation of this joint research involving students and 

faculty who had all never worked together before. 

 

P116: Undergraduate science research experience (USRE) and its transformative nature 

for Houston Community College students 

Bartlett Sheinberg (Houston Community College , USA) 

Since 2005 the West Houston Center for Science and Engineering, Houston Community 

College-Northwest (HCC-NW) has provided HCC students with the opportunity to conduct 

substantive summer research projects in the areas of materials science, mechanical and electrical 
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engineering, nanoscience and other multidisciplinary research areas. Students have had the 

opportunity to conduct these research experiences at regional research universities and NASA-

Johnson Space Center. This talk will provide an overview of the structure of these research 

experiences from the perspective of community college program administration, university 

faculty and mentors, various funding sources and will focus on the transformative nature of these 

experiences for community college students and the motivation which this program has provided 

for completion of their undergraduate degrees and consideration of graduate school as a next step 

along their academic and professional careers. Sheinberg will highlight plans to consider 

expansion of the USRE to include research investigations in other states and internationally  

 

P117: PUENTES: A Bridge between Laredo Community College and Texas A&M 

International University science departments 

James Newton (Laredo Community College, USA) 

During the summers of 2007-2009, the National Institute of Health provided funding for research 

projects by science students from Laredo Community College under the direction of faculty 

members of the Department of Biology and Chemistry of Texas A&M International University. 

The TAMIU faculty and LCC students were assisted by faculty members from the Mathematics 

and Science Departments of Laredo Community College. The students earned academic credit 

for completing the five-week projects. A few of the research projects during the period included: 

collecting scorpions, spiders and ticks; determining impurities in the water supply of the Rio 

Grande and its tributaries; examining salsa in restaurants for bacteria; and, the synthesis of a 

variety of monomers to be utilized as polymers for liquid crystal displays. The presentation will 

describe how the research experiences served as a bridge for the students transferring from LCC 

to TAMIU, and the impressions of the students who participated.  

 

9:00 AM - 12:00 PM WH-213 

S16: Educational Programs and Strategies to Enhance Student Success -  

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

USA) 

The symposium showcases different educational programs and approaches to improve student 

teaching, learning, and professional success. 

9:00   introduction 

9:05 
Sushama 

Dandekar 

P118: Peer-led video tutorials: Learning problem-solving strategies from 

peers 

9:25 
Lizabeth 

Ronquillo 
P119: Exploring Explorations 

9:45 Bob Blake  P120: Project UnTiL and the Chemistry Scholars Program 

10:05 Tim Champion P121: Intrusive advising in STEM at JCSU 

10:25   break 
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10:40 Matthew Miller 
P122: MS degree in chemistry: Chemical education specialization to 

enhance teacher knowledge 

11:00 Terri Taylor P123: Chemistry Teacher Education Coalition I 

11:20 Mary Kirchhoff P124: Chemistry Teacher Education Coalition II 

 

P118: Peer-led video tutorials: Learning problem-solving strategies from peers 
Sushama Dandekar (University of North Texas, USA) 

Sixteen video tutorials, covering several topics encountered early in the first semester of organic 

chemistry, were created as a supplemental learning tool to help students master fundamental 

concepts that past students have found challenging. A strong foundation in these concepts, is 

critically important to overall success in the year-long study of organic chemistry, and these 

tutorials are an attempt to provide students with the support they need. Each video, accessed via 

Blackboard, is 3-5 minutes long, short enough to retain students‘ focused attention, and long 

enough to adequately explain concept(s) and problem-solving strategies. Moreover, since the 

titles clearly indicate the topic covered, students can easily select the video they need, depending 

on the topic they are having difficulty understanding. Recognizing that students often learn well 

from their peers, five accomplished students were specially recruited for this project. In addition 

to having excelled in these courses in the past, these students also had excellent communication 

skills. These students then led, planned and executed the entire project (along with UNT-

CLEAR‘s film/video professionals). The topics covered a wide range, from basic concepts, such 

as hybridization and isomers, to the more complex concepts, such as acid- base chemistry, 

conformational analysis, etc. The problem-solving strategies were explained and illustrated by 

working through various examples, step-by-step, on camera. Since these tutorials are presented 

by their peers, students watching the videos get a different perspective about what they are 

learning, and the ready availability of these videos should allow them to grasp/review/master the 

concepts with greater ease.  

 

P119: Exploring Explorations 
Lizabeth Ronquillo (University of Texas at El Paso, USA), James E. Becvar (University of 

Texas at El Paso, USA), Wen-Yee Lee (University of Texas at El Paso, USA) 

A strong Peer-Led Team Learning (PLTL) program has been in use in chemistry at the 

University of Texas at El Paso since 2000 and received the Texas Higher Education 

Coordinating Board Star Award in 2006. The Chemistry PLTL Program revolutionized learning 

in general chemistry here. Students spend two hours per week in lecture and two hours in Peer-

Led Workshop: a student-centered, practice-oriented class run by a peer leader. Peer leaders have 

previously taken and mastered the content of the class and are eager to pass their knowledge on 

to other students. Peer leaders use one hour of their workshop in a lab setting, showing simple, 

real-world experiments aimed at helping students understand the concepts being presented in 

lecture, and the other hour practicing chemistry learning in a team-based classroom. Each peer 

leader attends two one-hour preview meetings each week examining, discussing, and reviewing 

the explorations (experiments) and activities (chemistry practice) for the week. We report here 

on the strategies and preview sheets used to prepare and enliven the discussion among the peer 

leaders for these meetings. The preview sheets contain leading questions to get the ideas and 

concepts rolling that are intrinsic to the week‘s activities. Peer leaders are asked to consider what 

they believe their students will be thinking, what questions to ask in order for their students to 

gain deeper content knowledge, and how those answers can be discovered by the students 
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without the peer leader directly telling the answers. 

 

P120: Project UnTiL and the Chemistry Scholars Program 
Bob Blake (Glendale Community College , USA) 

Programs to foster student learning in Introductory Chemistry and General Chemistry at Texas 

Tech University have been transplanted (with their originator) to Glendale Community College 

in Arizona. Project UnTiL involves the use of undergraduates who have done well in these 

courses to deliver supplemental instruction to their peers. In addition to increasing the 

fundamental chemistry knowledge of their peers. the leaders of the sessions reinforce their own 

chemistry knowledge, gain leadership, oral communication and other valuable skills during the 

experience. With the greater level of support from the Chemistry Department at GCC, the 

program is rapidly expanding into multiple courses including Organic Chemistry. A progress 

report of the development and pilot implementation of this project will be presented.  

 

P121: Intrusive advising in STEM at JCSU 
Tim Champion (Johnson C. Smith University, USA) 

In 2009, Johnson C. Smith University (JCSU), formally adopted a practice of "intrusive 

advising". This campus-wide practice reinforced the emphasis on aggressive advising in the 

Natural Sciences and Mathematics Department that was introduced 5 years ago. Practices, 

procedures, results and problems will be discussed from the perspective of a department chair. 

 

P122: MS degree in chemistry: Chemical education specialization to enhance teacher 

knowledge 
Matthew Miller (South Dakota State University, USA), David Cartrette (South Dakota State 

University, USA) 

47.2% of science teachers across the country leave their jobs due to dissatisfaction (Ingersoll and 

Perda, unpublished). In South Dakota, that statistic in combination with the high percentages of 

core content courses in the secondary schools already taught by out of field teachers (22% in 

2005; 36% in low socioeconomic schools in SD), has created major concern for the ability of 

schools to find high quality teachers for core content courses. In an effort to improve chemistry 

instruction across South Dakota and meet the critical need of school districts to find highly-

qualified chemistry teachers, the MS Degree in Chemistry, Chemical Education Specialization 

has been created to help current teachers of chemistry obtain advanced instruction in chemistry. 

This program enhances secondary teacher knowledge in chemistry while considering appropriate 

pedagogical techniques for teaching chemistry. Participants in the program are engaged in on-

line courses focusing on chemistry topics at the level of advanced placement chemistry. These 

topics include atomic theory, bonding, equilibrium, thermodynamics, organic, and biochemistry. 

Discussions are primarily based on content, but include conversations regarding appropriate 

pedagogical methods for teaching these topics. Participants discuss demonstrations and 

laboratories that provide hands-on experiences for students to understand chemistry topics. In 

addition, courses have engaged participants in science philosophy, teaching methods, and 

strategies in educational research. Data collection is currently underway to identify changes in 

teacher attitudes and content knowledge along with the impact on students enrolled in the 

classrooms of the program‘s participants. 

 

P123: Chemistry Teacher Education Coalition I 
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Terri Taylor (American Chemical Society, USA), Mary Kirchhoff (American Chemical Society, 

USA) 

A 2007 report by the American Association of Employment in Education indicated a 

considerable shortage of highly qualified high school chemistry teachers in our nation. The 

chemistry community has a critical role in preparing the high school chemistry teachers of 

tomorrow. This preparation requires rigorous science content, innovative pedagogies, and 

support from disciplinary departments and schools of education. In order to promote and 

encourage high quality pre-service education of high school chemistry teachers nationwide, ACS 

and its Society Committee on Education (SOCED) are exploring the creation of CTEC 

(Chemistry Teacher Education Coalition), modeled after the very successful PTEC (Physics 

Teacher Education Coalition) project. This presentation will provide an overview of efforts in 

exploring and framing the CTEC project.  

 

P124: Chemistry Teacher Education Coalition II 
Mary Kirchhoff (American Chemical Society, USA), Terri Taylor (American Chemical Society, 

USA) 

ACS and its Society Committee on Education (SOCED) are exploring the creation of CTEC 

(Chemistry Teacher Education Coalition), a project designed to promote and encourage high 

quality pre-service education of high school chemistry teachers and modeled after the very 

successful PTEC (Physics Teacher Education Coalition) project. This session is designed to 

answer questions such as: What should be the strategic goals, objectives, and activities for 

CTEC? What are the elements of a successful CTEC project for supporting and improving high 

school chemistry teacher preparation nationwide? This interactive presentation is designed to 

provide an opportunity for participants to interact with one another and to provide feedback on 

the CTEC project. 

9:00 AM - 12:00 PM WH-119 

S17: Green Chemistry Education: What, Why, How – Part 1 of 2 

Deborah Exton (University of Oregon, USA) 

This symposium will address the importance of introducing students to the concepts of green 

chemistry and sustainability and will highlight the various ways that green chemistry is being 

incorporated across the undergraduate curriculum. Presentations will focus on the teaching and 

implementation of green chemistry principles in both the classroom and the laboratory. 

9:20   introduction 

9:25 Kunle Oke Oloruntegbe P125: The need for green chemistry curriculum in schools 

9:45 James Goll P126: Incorporating green chemistry at Edgewood College 

10:05 Brooke Taylor P127: Greening of first year chemistry labs 

10:25   break 

10:40 Alba Ferreira P128: Greening inorganic experiments with molybdenium blue 

11:00 David R.(Randy) Sullivan P129: Classroom demos in green chemistry education 

11:20   discussion 

 

P125: The need for green chemistry curriculum in schools 
Kunle Oke Oloruntegbe (University of Malaya, Malaysia) 
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Green chemistry is an innovation that seeks to unite government, academic and industrial 

communities in achieving environmentally-friendly and human-friendly activities and practices. 

Industrial activities, particularly in oil exploration, have tended to leave behind traces of sour 

taste in communities concerned. The inability to provide sufficient clean energy has made many 

nations of the world rely heavily on energy from fossil fuels to power engines and automobiles. 

Since the world cannot do without it now, there is the need to lessen the environmental impacts 

of its activities. There is a further need to sensitize individuals and organizations on how to live 

in harmony with the environment. My contribution to this symposium is to advocate for green 

chemistry curriculum at all levels of schooling, formal and informal. This will go a long way to 

develop in individuals early on an awareness of the principles of green chemistry. 

 

P126: Incorporating green chemistry at Edgewood College 
James Goll (Edgewood College, USA) 

Edgewood College‘s capstone experience for all students is the Human Issues Program. It is a 

campus wide academic program designed to link students‘ educational experiences to real, 

personal, and community based issues. Students may choose a specially designed course or work 

on an independent project. Several chemistry students have incorporated Green Chemistry into 

their Human Issues Projects. The most recent student projects have focused on incorporating 

principles of Green Chemistry into the introductory chemistry courses. New laboratory exercises 

are currently under evaluation for their educational value. The outcomes of these evaluations will 

be presented.  

 

P127: Greening of first year chemistry labs 
Brooke Taylor (Lane Community College, USA)  

This presentation will focus on the improvement, revision and development of green labs in 

general and introductory chemistry courses. Strategies used to assess the lab curriculum, to 

identify and improve stealth green labs, to revise brown labs and to develop new green labs will 

be discussed. Details of specific green labs developed at Lane Community College will also be 

presented. 

 

P128: Greening inorganic experiments with molybdenium blue 
Alba Ferreira (Faculdade de Paulinia- FACP, Brazil), Rodrigo Carneval (FACP-Faculdade de 

Paulinia, Brazil) 

Molybdenium presents a very rich and interesting chemistry in aqueous solutions. There is a 

variety of oxidation states that can be easily accessed, resulting in colorful compounds with low 

toxicity, including the bright yellow phosphomolybdenium complex and its blue reduced form. 

This element is a good example to show the contrast between the reactivity and toxicity of the 

hexavalent states along the chromium group. From this fact there is opportunity to demonstrate 

the practice of green chemistry through applications where chromates are being substituted by 

molybdates. Two experiments were designed with focus in the inorganic chemistry of this 

element: a) the spectrophotometric determination of molybdenium in a sample of molybdenium 

blue from phosphate analysis using hydrogen peroxyde; b) the elaboration of a reaction cycle 

starting from the sample of molybdenium blue or from some of its oxides. In both cases the main 

idea was to have interesting experiments with minimal or even no waste generation. The students 

involved in these mini-projects were conducted into an inquiry guided approach and their 

perceptions will be presented. The curiosity,the need to know and the enjoyment of discovering 
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were some of the motivation factors identified when these experiments were carried out. These 

hands on experiences are suggested to create opportunities for critical thinking, investigation, 

discovery and to exemplify the application of green chemistry in a cost effective way. 

 

P129: Classroom demos in green chemistry education 
David R.(Randy) Sullivan (University of Oregon, USA) 

Classroom demonstrations can play an important role both in introducing green chemistry 

principles to students and in incorporating green chemistry into curriculum design. Moving 

beyond directly demonstrating green chemistry concepts, many classic demos can be redesigned 

to be greener, providing students with an object lesson in the application of green chemistry 

principles. Discussing the redesign process in the classroom can also pay dividends in the 

affective domain. Demonstrations can also be used to ―green up‖ the chemistry lab curriculum. 

Lab activities that involve untenable risks or unsustainable levels of waste can sometimes be 

turned into demonstrations that provide the students with an experience of the phenomenon 

while generating far less waste and minimizing risks.  

 

9:00 AM - 12:00 PM WH-118 

S18: Integration of Nanotechnology into the Chemistry Curriculum  
Jason Montgomery (Florida Southern College, USA) 

Advances in nanotechnology are impacting almost every facet of our lives, and whether a student 

is seeking a post-graduate degree in Chemistry, a degree in medicine, a position in industry, etc., 

he or she will surely encounter some manifestation of nanotechnology. The proposed purpose of 

this symposium is to attempt to address two primary questions. To what extent do students 

graduating with degrees in Chemistry need to have been exposed to nanoscience, and how can a 

Department successfully integrate nanotechnology and nanoscience, from theory to experiments, 

into the Chemistry Curriculum. In particular, how can the important topics revealed in the former 

question be addressed by Departments that may be limited by resources, faculty, equipment, and 

or students? Presentations that can address these issues or give insight into the successful 

integration of nanotechnology and the Chemistry Curriculum are encouraged.  

9:00   introduction 

9:05 Tawfik Saleh 
P130: Statistical evaluation of integration basic nanotechnology 

concepts into general undergraduate course to enhance nano-education 

9:25 Keith Kostecka P131: Nanotechnology for arts and communications students  

9:45 Craig Teague 
P132: Two integrations of nanoscience into the undergraduate 

curriculum: A comparison 

10:05 Keith Stevenson 
P133: Education through research: An innovative model for teaching 

nanoscience 

10:25   break 

10:40 
Jason 

Montgomery 
P134: Undergraduate research in nanophotonics 

11:00 Layne Morsch 
P135: Comparison of scanning probe microscopy hands-on experiments 

throughout the undergraduate chemistry curriculum 

11:20 Michelle P136: Nanoscience and laboratory techniques: Using one to teach the 



Monday Morning Program – 21st BCCE – 2010 
 

 Page 21 
 

Richards-Babb other 

11:40 Luyi Sun 

P137: Preparation of electrically conductive polystyrene/carbon 

nanofiber nanocomposite films: An experiment for the undergraduate 

laboratory 

 

P130: Statistical evaluation of integration basic nanotechnology concepts into general 

undergraduate course to enhance nano-education 
Tawfik Saleh (King Fahd University of Petroleum & Minerals, Saudi Arabia) 

Tawfik A. Saleh (King Fahd University of Petroleum & Minerals, Saudi Arabia), M.A. Gondal 

(King Fahd University of Petroleum & Minerals, Saudi Arabia), and Z.H. Yamani (King Fahd 

University of Petroleum & Minerals, Saudi Arabia) 

Nanotechnology is a newly emerging multidisciplinary field; therefore nano education must be 

imparted to virtually all students from different fields. However, little progress is made to bring 

nanotechnology into undergraduate education system. Although some universities offer degrees 

in nanotechnology and some universities offer elective courses in the field, only students who 

involved in specific disciplines and lucky to be registered in these universities have the chance to 

gain knowledge about nanotechnology. However, there are many students in other universities 

and in different disciplines which are left behind. This paper investigates and proposes some 

measures for the implementation of a fast strategy for integration of basic concepts of 

nanotechnology into undergraduate education through general required courses for freshmen 

year. The instruments used for evaluation were pre-test, post test, quizzes and surveys carried out 

at our University. Statistical analysis of the collected data show that Student t-test and P-value 

for pre and post tests were 8.6 and <0.05 which represents a quantitative evidence of the 

efficiency of the integration. The analysis of the surveys shows positive attitudes towards the 

strategy, for example, 60% of students indicated that their interest in science has increased as a 

result.  

 

P131: Nanotechnology for arts and communications students  
Keith Kostecka (Columbia College - Chicago, USA) 

Few students majoring in art, drama, music, television, film/video, radio, journalism, dance, etc. 

take courses that cover subject matter at the cutting edge of science. At Columbia College - 

Chicago, these students receive an interdisciplinary laboratory based experience entitled 

―Introduction to Nanotechnology‖. In this course, students are introduced to such topics as: its 

history; properties of matter and the periodic table; self-assembly; lithography and 

nanofabrication; health and medicine; pollution clean-up; the business of nanotechnology and its 

consumer applications and potential risks and future of this science area. The students conduct 

laboratory activities on: proportional reasoning; polymer synthesis; nano-scale patterning using 

soft lithography; food packaging; preparation of cadmium selenide quantum dot nano-particles; 

synthesis of ferrofluid nano-particles; construction of a solar cell and formation of silver nano-

particles. Students are also required to complete a final, original course project that incorporates 

their interests, hobbies, talents and/or cultural backgrounds with an area of nanotechnology  

 

P132: Two integrations of nanoscience into the undergraduate curriculum: A comparison 
Craig Teague (Cornell College, USA) 

In this presentation, I will describe two efforts at introducing undergraduate students to 

nanoscience. First, a significant fraction of the undergraduate Advanced Physical Chemistry 

Withdrawn 
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course at Cornell College was devoted to nanoscience. This course naturally had physical 

chemistry prerequisites. Second, an entire Nanoscience course was taught to undergraduates 

during a study-away research program at Oak Ridge National Laboratory. This course‘s 

prerequisites were intermediate-level chemistry courses. I will highlight the similarities and 

differences between these two efforts and discuss specific activities and assignments within the 

courses. In addition, I will describe my perceptions of the joys and challenges of teaching 

nanoscience to undergraduates. 

 

P133: Education through research: An innovative model for teaching nanoscience 
Keith Stevenson (The University of Texas at Austin, USA) 

This presentation will describe a new program at UT-Austin called The Freshman Research 

Initiative (FRI) that connects undergraduates with authentic, advanced research projects from 

their first semester on campus. Each year incoming freshmen are recruited into an intensive 

eighteen month set of degree-program courses based on an authentic research framework that 

incorporates critical thinking, hands-on experimentation, data interpretation, inquiry based 

learning, student presentation, publication and peer mentoring. This experimental model benefits 

both undergraduate teaching and research by incorporating undergraduates into existing 

infrastructures: space, student support, materials and supplies, and curriculum. Using specific 

examples, I will describe how my research stream on ―Nanomaterials for Chemical Catalysis‖ 

has already begun to impact how we teach nanoscience and nanotechnology concepts while 

doing undergraduate research that culminates in successful peer-reviewed publication of 

completed work.  

 

P134: Undergraduate research in nanophotonics 
Jason Montgomery (Florida Southern College, USA) 

Nanophotonics is the study of the interactions of light with nanoscale structures. Applications 

most often involve exploiting Surface Enhanced Raman Spectroscopy in chemical and biological 

sensors. In this presentation, I will discuss how I have attempted to incorporate nanotechnology 

into the Chemistry Curriculum at Florida Southern College via undergraduate research. In 

particular, I will describe projects in computational nanophotonics, which involve solving 

Maxwell's equations numerically for a structure of interest. However, I will focus on photonics, 

rather than the computational details, and on the extent to which undergraduates, even freshmen, 

can contribute. 

 

P135: Comparison of scanning probe microscopy hands-on experiments throughout the 

undergraduate chemistry curriculum 
Layne Morsch (University of Illinois – Springfield, USA), Keenan Dungey (University of 

Illinois – Springfield, USA), Marc Klingshirn (St. Olaf College, USA), Leah O'Brien (Southern 

Illinois University Edwardsville, USA), Gary Trammell (University of Illinois – Springfield, 

USA), Eric J. Voss (Southern Illinois University Edwardsville, USA), Susan Wiediger (Southern 

Illinois University Edwardsville, USA) 

Scanning Probe Microscopy (SPM) provides the ability to image surface features at the 

nanometer scale and has led to the explosive growth of interdisciplinary research in nanoscale 

science and engineering. ―Twin‖ high-resolution dynamic AFM/STM instruments at the 

University of Illinois Springfield (UIS) and Southern Illinois University Edwardsville (SIUE) 

have been utilized for hands-on SPM experiments in chemistry laboratory courses. Specifically, 
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we will compare the student attitudes and learning outcomes in non-majors courses with those 

from General Chemistry which is primarily populated with science majors. Learning goals and 

concept analysis will also be examined as it relates to class size and course level within the 

chemistry major. Our collaborative strategy has been to meet face-to-face on a monthly basis to 

design experiments for each school, to exchange experimental details and to discuss pedagogical 

plans and outcomes of use of the AFM in a variety of courses. The authors gratefully 

acknowledge the financial support of the NSF DUE 0633175/0633186.  

 

P136: Nanoscience and laboratory techniques: Using one to teach the other 
Michelle Richards-Babb (West Virginia University, USA) 

Early and sustained introduction of nanoscience into the undergraduate curriculum will arm 

students with information in order to make informed decisions about nanotechnology products, 

research, and development. Ferrofluid synthesis provides an opportunity for students to be 

introduced and potentially recruited to nanoscience concurrent with acquiring proper laboratory 

techniques and experiencing the consequences of improper laboratory techniques. At our 

institution, ferrofluid synthesis, along with relevant in-class examples of ferrofluidic 

applications, was implemented into the general chemistry curriculum as the first experiment. 

Despite the novice laboratory skills of our students, 92.9% of students successfully synthesized a 

magnetic ferrofluid. Students obtaining non-magnetic products provided self-evaluative 

explanations that highlighted the importance of proper laboratory techniques. Teaching assistant 

opinions about this experiment were generally positive with all teaching assistants 

recommending this experiment for continuation. As a result of this experiment and the ensuing 

classroom discussion, we have observed a dramatic increase in undergraduate inquiries about 

nanoscience and research in general. Currently, five undergraduate students are engaged in the 

preparation of ferrofluid for advanced studies of self-organized magnetocomposite materials, 

energy-generating and catalytic materials, and biomedical applications. Several of these students 

have expressed interest in pursuing scientific research careers. This type of active, relevant 

experiment has the potential to motivate students in ways that are difficult to achieve by other 

means. coauthors: R. Lloyd Carroll and Robert J. Sweeney 

 

P137: Preparation of electrically conductive polystyrene/carbon nanofiber nanocomposite 

films: An experiment for the undergraduate laboratory 
Luyi Sun (Texas State University – San Marcos, USA) 

Nanoscience and nanotechnology have received extreme attention and significant progresses 

have been achieved in the past decade. Many universities have established research centers on 

nanoscience/nanotechnology. Following this trend, it is necessary to introduce 

nanoscience/nanotechnology related contents into the undergraduate science and engineering 

curriculum. We developed a simple and effective approach to prepare conductive 

polystyrene/carbon nanofiber (PS/CNF) nanocomposite films via a solution dispersion method. 

Inexpensive CNF, which has a structure similar to multi-walled carbon nanotubes, is chosen as a 

nanofiller in this research to achieve conductivity in PS films. A good dispersion is achieved in 

the PS matrix with the help of ultrasonication. The experiment to prepare PS/CNF system is 

suitable as a laboratory supplement for college chemistry or material science course. The 

experiment provides students with a hands-on laboratory experience in nanotechnology and its 

related fundamental concept, and allows them to have a fresh experience of how significant 

nanoscience and nanotechnology is in changing the property of a material, and thus how it might 

Withdrawn 
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change our world and our future.  

 

9:00 AM - 12:00 PM U-417 

S19: International Experiences for Undergraduate Students – Part 1 of 2 

Joanne Smieja (Gonzaga University, USA) 

International experiences enable students to gain a global perspective, a valuable attribute for 

today‘s workforce. Submissions are invited from faculty who have developed and implemented 

chemistry courses or chemistry research projects that include an international experience.  

9:00   introduction 

9:05 
Lourdes 

Echegoyen 

P138: Educating the next generation of globally engaged chemical 

scientists: ACS and the role of its international research program for 

undergraduates in the US and Europe 

9:25 
Susan Sonchik 

Marine 
P139: How to plan a successful chemistry course with travel abroad 

9:45 Rick White P140: Developing a two week study abroad course in Germany and Paris 

10:05 Brent Yoder P141: Nose, body, legs: Studying the chemistry of wine in France 

10:25   break 

10:40 
Susan Sonchik 

Marine 
P142: Successful chemistry courses in England, France, and Belgium 

11:00 
Gemma 

D'Ambruoso 
P143: Teaching chemistry of art in Florence, Italy 

11:20 Erich Uffelman 
P144: Intense study-abroad course for science and non-science students 

on the technical examination of 17th century Dutch painting 

11:40   discussion 

 

P138: Educating the next generation of globally engaged chemical scientists: ACS and the 

role of its international research program for undergraduates in the US and Europe 
Lourdes Echegoyen (American Chemical Society, USA) 

The need for global awareness has increased in recent years due to the commonality of societal 

problems facing all nations. As a consequence, educators around the world are recognizing the 

necessity to internationalize the infrastructure of their educational systems. A focus of concern to 

those involved in the US chemical enterprise is the future of our undergraduate students. The 

choices for chemistry majors to study abroad for a semester or a year, without delaying 

graduation, are very limited. Many valid reasons can be cited for these limitations, but the fact of 

the matter continues to be that this void in our chemistry education system is reflected strongly in 

our growing loss of competitiveness in the science and technology global employment 

marketplace. As the US school system wakes up and responds to these new challenges, one 

group of programs is quickly filling the void, and that is the International Research Experiences 

for Undergraduates programs (IREU‘s). These programs provide students with a unique 

opportunity to (1) immerse themselves in other cultures and languages during the summer 

months while sharpening their scientific research skills with projects of high impact conducted at 

laboratories abroad. This presentation will focus on the American Chemical Society IREU 

exchange program, its requirements and how it benefits all individuals, institutions and 
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organizations involved. The dimensionality of the collaborations required for program success, 

relevant statistics, and testimonials from students and others will be discussed.  

 

P139: How to plan a successful chemistry course with travel abroad 
Susan Sonchik Marine (Miami University Middletown, USA) 

An international study tour augments the learning of chemistry much as a laboratory course does. 

Chemistry is experienced with real applications; it becomes more than words on paper. But 

unlike most laboratory courses, travel provides additional opportunity for personal growth 

through a diversity of experiences, cultural opportunities, and being in unfamiliar territory. A 

successful course abroad requires detailed planning, contingency plans, and well-developed 

assignments. I will address the nuts and bolts of planning an international experience from 

course development to the nitty-gritty of budgets, travel arrangements, lodging, museum visits, 

and guest speakers. Helpful hints will be based on successes and improvements in my courses.  

 

P140: Developing a two week study abroad course in Germany and Paris 
Rick White (Sam Houston State University, USA) 

A two-week study abroad course was developed where Nobel prize winning chemists are 

studied, the times in which they lived, how their times affected their work, the work they carried 

out, and how their work still impacts our lives. We will discuss the planning of this course, how 

we carry out the preliminary course materials, the travel aspects, how the course is carried out 

and the topics of the course. 

 

P141: Nose, body, legs: Studying the chemistry of wine in France 
Brent Yoder (Illinois College, USA) 

Illinois College has a very popular ―BreakAway‖ program, in which juniors and seniors can 

travel abroad with their professors and explore cultural topics for 1-3 weeks. While many such 

trips are designed to study art, language, history, and even biology, there had been no 

opportunities for students to examine a chemistry-related topic in a foreign country. Along with a 

former professor of French at IC, I designed and led a 1-credit hour course open to all majors 

that integrated the science of winemaking and wine tasting with French history and culture. In 

traveling through three famous wine-producing regions, students were able to observe the path of 

a grape from vine to bottle, learn about the French concepts of terroir and gastronomie, and 

understand how knowledge of basic chemistry is essential to the production of a fine wine. This 

presentation will give an overview of the ―Vines of France BreakAway‖, including the course 

design and structure, chemistry-related content, and some of the specific activities undertaken 

while traveling in France. 

 

P142: Successful chemistry courses in England, France, and Belgium 
Susan Sonchik Marine (Miami University Middletown, USA) 

International experiences for undergraduate students may open their eyes to diversity, developing 

an understanding and appreciation of differences while teaching the course‘s chemistry content. 

In a well-designed course, the global perspective places chemistry in historic and geographic 

context. My History of Modern Chemistry course was a six-week course including three weeks 

abroad in London and Paris (with day trips to Oxford, Cambridge, Avon-on-Thames, and 

Versailles). In 2008, I taught Chemistry in Art on Miami University‘s Luxembourg campus with 

a five-day study tour in Belgium to Andennes, Brugge, and Antwerp. The course syllabi and the 
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role of travel abroad will be presented for each of these courses. The travel in each course will be 

compared and contrasted to highlight various goals and techniques. Detailed examples will be 

provided, including successful assignments and cultural activities. 

 

P143: Teaching chemistry of art in Florence, Italy 
Gemma D'Ambruoso (Gonzaga University, USA) 

A ―Chemistry and Art‖ course designed for undergraduates will be described. This course was 

taught most recently during the summer of 2009 for Gonzaga University students at Gonzaga‘s 

study abroad campus in Florence, Italy. The course was taught to non-science majors (most with 

a high school chemistry background) as a 6-week lecture course without a laboratory component. 

The focus was on Italian Renaissance art, both the chemical make-up of materials used during 

the period, and restoration efforts largely undertaken in the 20th century. Students were 

introduced to instrumentation used for analysis during restoration efforts as well as chemical 

methods for cleaning. Field trips included the Brancacci Chapel as well as the Opificio 

Restoration Laboratory. The challenges presented by the course will be outlined, as well as 

suggestions for future teachings. 

 

P144: Intense study-abroad course for science and non-science students on the technical 

examination of 17th century Dutch painting 
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. These courses were 

originally taught on campus, but evolved in 2005 with a study abroad component. Since 2005, 

these two courses have been taught entirely in a six week spring term intensive format, but now 

are offered as a 12-week winter term 4-week spring term combination. The highly 

interdisciplinary courses are intense (approximately 1000 PowerPoint slides of lecture material, 

two student research projects, two two-hour exams), but presupposes no student background in 

either science or art history. The first course transpires at W&L and emphasizes key aspects of 

optics, light, and chemical bonding needed to understand how a painting "works" and how art 

conservators analyze paintings using techniques such as x- radiography, X-ray powder 

diffraction, SEM, Raman microscopy, IR, IR microscopy, IR reflectography, GC, LC, MS, UV-

vis spectroscopy, UV photography, etc. The second half of the course transpires at the Center for 

European Studies at Universiteit Maastricht in The Netherlands and emphasizes key ideas in art 

history, politics, religion, and economics. Trips to several major museums, conservation 

facilities, and cultural sites are woven into The Netherlands visit, and the class receives guest 

lectures from several prominent experts. This BCCE talk will overview the courses and assess 

the different strengths of offering the courses under different formats and calendars. 

 

9:00 AM - 12:00 PM U-418 

S7: Learning in the Laboratory: Evidence and Assessment – Part 2 of 2 

Santiago Sandi-Urena (University of South Florida, USA) 

While most chemists agree that laboratory work is an important part of introductory science 

courses, there is scant evidence for the relationship between laboratory work and learning, 

particularly at the college level. The objective of this symposium is to create a space to present 

and discuss evidence and assessment for the effectiveness of laboratory environments in 

promoting learning, skills (technical and intellectual) and other types of gains in participants 
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(students and teaching assistants). Studies of diverse laboratory formats and academic levels are 

welcomed. 

9:00   introduction 

9:05 
Jack 

Steehler 

P145: Assessment of multiyear changes in laboratory curricula at Roanoke 

College 

9:25 
Carrie 

Cloonan 

P146: First phase of a longitudinal mixed-methods study of general chemistry 

laboratory 

9:45 Haozhi Xu P147: Group dynamics in the general chemistry laboratory 

10:05 
Denise 

Adams 

P148: Introduction of diverse practical learning experiences to engage students 

in a large first year cohort 

10:25   break 

10:40 
Jennifer 

Duis 

P149: Laboratory Learning Goals (LG‘s) Part I: Methods to develop LG‘s and 

assessments of student achievement of LG‘s in a large, introductory science 

lab course 

11:00 
Jennifer 

Duis 

P150: Laboratory Learning Goals (LG‘s) Part II: Results from assessments of 

student achievement of laboratory LG‘s 

11:20 Paul Wyatt P151: Teaching innovations: Using technology to enrich the traditional 

11:40   discussion 

 

P145: Assessment of multiyear changes in laboratory curricula at Roanoke College 
Jack Steehler (Roanoke College, USA), Heather Anthony (Roanoke College, USA), Benjamin 

Huddle (Roanoke College, USA) 

We have completed two years of a three year NSF funded project to incorporate instrumentation 

based guided inquiry laboratory instruction into our general chemistry and non-majors chemistry 

courses. We will describe the project, with a particular focus on assessment. Assessment of 

student attitudes, skills, and content learning are studied for four different courses. Weekly 

assessments are included to allow comparisons of guided inquiry experiments to traditional 

experiments, and to control for different student groups in different years. The design of this 

assessment project will be described, along with results from the first two years. 

 

P146: First phase of a longitudinal mixed-methods study of general chemistry laboratory 
Carrie Cloonan (Rice University, USA) 

Laboratories for large enrollment general chemistry courses have often been criticized as not 

being maximized for learning. We began a longitudinal mixed-methods study as an effort to 

determine how students are perceiving, learning in, and impacted by changes in the lab. At the 

beginning of the semester, survey, interview and focus group data showed that students came 

from an overwhelming background of ‗cookbook‘ labs in high school, 97% expected learning 

proper laboratory techniques to be a main component of the lab, but only 59% thought about 

visualizing at the molecular level in the lab. After a semester of traditional first semester general 

chemistry laboratory, follow-up surveys showed that while 88% of students agreed that the lab 

and lecture material coincided only 66% felt the lab helped in understanding the material from 

lecture. Follow-up interviews and focus group data illuminated that most students do not see the 

lab as a place for learning but tend to try to get the required data and think about it later. In an 
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effort to encourage thinking, visualization, and understanding in the lab, the format of the 

laboratories was slightly changed. Pre-lab lectures were moved to the class lecture on Friday and 

the last part of each lab period was devoted to class discussion of what happened during lab 

facilitated by the lab professor. Data collection will be completed again at the end of the second 

semester of general chemistry to assess any change.  

 

P147: Group dynamics in the general chemistry laboratory 
Haozhi Xu (University of Arizona, USA), Vicente Talanquer (University of Arizona, USA) 

Collaborative learning, which can be defined as students working together toward a common 

goal, has received extensive attention in science education research in the past two decades. Most 

of the existing research studies on collaborative learning in chemistry have focused on the 

classroom context, whereas little attention has been paid to laboratory work. Laboratory work 

has been considered as one of the most important and essential elements in the teaching and 

learning of chemistry. Because interactions among students working in a group is an integral 

aspect of laboratory work, it is worthwhile to explore the group dynamics in such a context. This 

study focuses on the group interactions of students working in the first and second semester 

general chemistry laboratories at the University of Arizona. Primary data source includes 

detailed observations of students working in the laboratory setting, individual interviews of the 

group participants, and students‘ laboratory reports and exams. We have analyzed group 

interactions in three areas: language functions, cognitive processing, and social processing. Our 

results indicate that the nature of the experiments and the composition of the groups influence 

these types of group interactions. The study has implications for the design of laboratory 

experiences that foster meaningful learning. The presentation will focus on the nature of the 

study, the qualitative analysis of the data, as well as the main findings.  

 

P148: Introduction of diverse practical learning experiences to engage students in a large 

first year cohort 
Denise Adams (The University of Queensland, Australia), Lawrence Gahan (The University of 

Queensland, Australia), Gwen Lawrie (The University of Queensland, Australia) 

This project is framed within first year Chemistry at University of Queensland, which has been 

operating within a conservative/traditional educational paradigm. The majority of students are 

taking chemistry because it is a compulsory or prerequisite course for their program of study. 

Students enrolled in first year chemistry represent up to 40 different programs of study and have 

a diverse range of academic abilities and experiences. A curriculum reform is being undertaken 

to enhance students‘ identities as scientists, raise students‘ awareness of the Nature of Science 

and improve recruitment and retention of undergraduates. CASPiE, an undergraduate research 

experience, has been offered to a limited number of self-selected students for the last 2 years. 

This provides an engaging undergraduate research experience for those students who wish to be 

challenged. For the remaining students who don‘t opt for the CASPiE experience, inquiry 

exercises have been integrated into selected traditional recipe-based, practicals . The introduction 

of a range of practical learning experiences in a single course has been evaluated and outcomes 

are discussed in terms of student engagement and learning gains.  

 

P149: Laboratory Learning Goals (LG’s) Part I: Methods to develop LG’s and assessments 

of student achievement of LG’s in a large, introductory science lab course 
Jennifer Duis (University of British Columbia, Canada), Sophia Nussbaum (University of 
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British Columbia, Canada), Laurel Schafer (University of British Columbia, Canada), Jackie 

Stewart (University of British Columbia, Canada) 

Learning Goal (LG) development can greatly inform curriculum, teaching, and evaluation 

methods. The complex laboratory course setting can present unique obstacles in the development 

of LG‘s. For example, in addition to the large amount and wide variety of content presented in 

the general chemistry laboratory, the vested interest from members of each chemistry discipline 

and ―service‖ nature of the course should be considered. A model for LG development and the 

creation of assessments for measuring student achievement of LG‘s, inspired by interdisciplinary 

science laboratory LG‘s developed at Rice University, will be presented. These newly developed 

processes and materials are being used for the optimization of the introductory chemistry 

laboratory curriculum at UBC, a large (>1,500 students), introductory science course. This model 

has the potential to aid alignment and build consensus within, and possibly across, science 

laboratory curricula. 

 

P150: Laboratory Learning Goals (LG’s) Part II: Results from assessments of student 

achievement of laboratory LG’s 
Jennifer Duis (University of British Columbia, Canada), Yen Chi Chang (University of British 

Columbia, Canada), Sophia Nussbaum (University of British Columbia, Canada), Aalia 

Sachedina (University of British Columbia, Canada), Laurel Schafer (University of British 

Columbia, Canada), Jackie Stewart (University of British Columbia, Canada), Pamela Wolff 

(Carleton University, Canada), James Zhou (University of British Columbia, Canada) 

Following the implementation of a consensus building model to develop laboratory Learning 

Goals (LG‘s) for the main general chemistry laboratory course at UBC (>1,500 students), the 

systematic development, validation, and implementation of instruments to efficiently assess 

students‘ achievement of laboratory LG‘s were employed. Results from qualitative and 

quantitative data collections will be discussed. A focus of this multi-year project is to make 

minor changes to the course and modes of evaluation to achieve maximum benefits. 

 

P151: Teaching innovations: Using technology to enrich the traditional 
Paul Wyatt (University of Bristol, United Kingdom) 

Innovations in the Bristol ChemLabS Centre for Excellence have made full use of e-learning to 

enrich the understanding students have of the practical experience. Animated, interactive 

diagrams of apparatus and video clips of key skills and techniques means that, crucially, the e-

learning is not replacing the real hands-on practical experience but allowing students to take on 

more challenging experiments. A variety of assessment methods are used (automated online, in-

lab assessment) as is a blended use of standard and intensive laboratory periods. Safety training 

and assessment is also conducted online.  

 

9:00 AM - 12:00 PM WH-212 

S8: MSPs: How K-12/College Partnerships Have Improved Chemistry 

Instruction – Part 2 of 3 

Martin Brock (Eastern Kentucky University, USA) 

The establishment of Math and Science Partnership programs in the wake of NCLB has led to 

many shifts in post-secondary attitudes about K-12 teaching in areas related to chemistry. The 

purpose of this symposium is to share MSP experiences from college faculty and K-12 teachers 

and how they have informed: Use of inquiry pedagogy; Learning progressions; High 
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school/college transition and the problems of readiness and retention; Structure of professional 

development programs; Pre-service science curricula; and other topics of related interest. 

9:00   introduction 

9:05 Charles Kutal 
P152: How an MSP project improved science instruction at the University 

of Georgia 

9:25 
Charles H. 

Atwood 

P153: High school chemistry/freshman chemistry changes resulting from 

the PRISM project -an MSP in the state of Georgia 

9:45 
Constance 

Blasie 

P154: The University of Pennsylvania Science Teacher Institute facing the 

storm: How and how well? 

10:05 
Douglas 

Balmer 

P155: Clickers: a study of achievement, attitudes, and motivation in a first-

year high school chemistry classroom  

10:25   break 

10:40 Grace Kim 
P156: Structuring education courses to have an impact: Professional 

development by teachers for teachers 

11:00 
Mike 

Dappolone 

P157: Why do we have to learn this? The real reason for taking chemistry 

in high school 

11:20 Mark Hayden 

P158: Teaching high school chemistry with process oriented guided inquiry 

learning (POGIL) and evaluating the influence on student attitudes toward 

learning science 

11:40   discussion 

 

P152: How an MSP project improved science instruction at the University of Georgia 
Charles Kutal (University of Georgia, USA) 

Beginning in 2003 the University of Georgia (UGA) has been involved in a statewide MSP 

project entitled Partnership for Reform in Science and Mathematics (PRISM). PRISM brought 

together educators, administrators, and state officials to design and implement a comprehensive 

program to improve teaching and student learning in K-16 science and mathematics (SM). 

Increasing and sustaining higher education faculty involvement in PRISM activities required 

both top-down (administrative policies) and bottom-up (faculty buy-in) changes in institutional 

and departmental cultures. The top-down piece is provided by the Faculty Work in the Schools 

Policy, which advocates rewarding faculty for working with K-12 schools, for improving their 

own teaching, and for contributing scholarship that improves student performance. This 

landmark policy was adopted by the Board of Regents in 2006 and applies to all 35 institutions 

in the University System. Georgia currently is the only state with this type of comprehensive 

faculty recognition/reward system. UGA provided the bottom-up piece by offering several 

incentives for faculty members to improve their teaching and student learning in introductory 

SM courses and to assist in the preparation and professional development of K-12 SM teachers. 

Successful incentives include opportunities to participate in Professional Learning Communities, 

to compete for small grants related to instructional reform, and to attend annual Institutes on the 

Teaching and Learning of SM. This presentation describes how PRISM has changed the 

institutional and departmental cultures at UGA, provides examples of improved teaching and 

student learning in introductory chemistry courses, and assesses the prospects for sustaining 

these positive changes.  
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P153: High school chemistry/freshman chemistry changes resulting from the PRISM 

project -an MSP in the state of Georgia 
Charles H. Atwood (University of Georgia, USA) 

Charles H. Atwood Department of Chemistry University of Georgia Athens, GA 30602 

batwood@chem.uga.edu Beginning in 2003, the University System of Georgia Board of Regents 

and State Department of Education partnered on the NSF funded MSP designated the Partnership 

for Reform in Science and Mathematics (PRISM). PRISM was designed to build alliances 

between local schools and colleges in four areas of the State of Georgia. The University of 

Georgia (UGA) was the lead college for the Northeast Georgia PRISM section. UGA 

departments interacted extensively with the Athens-Clarke County, Jackson County, and Oconee 

County school systems. In this presentation we will discuss some of the interactions between the 

UGA Freshman Chemistry Program and the local high schools, results of chemical educational 

research at UGA that was sponsored by PRISM, the impact of changes made in instruction as a 

result of the research, how that information was transmitted to the local high schools, and the 

impact of this partnership on the career of the UGA Freshman Chemistry Coordinator. 

 

P154: The University of Pennsylvania Science Teacher Institute facing the storm: How and 

how well? 
Constance Blasie (University of Pennsylvania, USA) 

The University of Pennsylvania Science Teacher Institute (STI) is a NSF funded Math and 

Science Partnership (MSP) and is cited as a program model in the National Academy of Sciences 

report ―Rising Above the Gathering Storm: Energizing and Employing America for a Brighter 

Economic Future‖. The Penn STI offers two degree programs, The Master of Integrated Science 

Education Program, for middle grades teachers of science and, The Master of Chemistry 

Education (MCE) Program, for high school science teachers. The fundamental hypothesis of the 

Penn STI is that increasing the content knowledge of science teachers and helping them change 

their classroom practice to a more inquiry-based approach will increase their students learning of 

and interest in science. This hypothesis drives the design, implementation and evaluation of the 

Penn STI. This presentation will focus on the MCE Program. ―How are we facing the storm?‖ 

will provide a description of the design features of the Penn STI; ―How well?‖ will report the 

current evaluation data of MCE program graduates on increased teacher-participant chemistry 

content knowledge, measurable changes in their classroom practice, as well as student 

achievement in chemistry.  

 

P155: Clickers: a study of achievement, attitudes, and motivation in a first-year high school 

chemistry classroom  
Douglas Balmer (Warwick High School (teacher), University of Penn (graduate student), USA) 

The Masters in Chemical Education (MCE) program at the University of Pennsylvania provided 

cohort members with a rich understanding of the grant-writing process, effective pedagogy, and 

classroom research in addition to chemistry content knowledge. After receiving an MCE mini-

grant for a classroom set of clickers, a literature review was compiled to know how to effectively 

infuse this piece of technology into the classroom. This research led to the design of a classroom 

research project studying the effects clickers have on achievement, attitude, and motivation in a 

first-year high school chemistry classroom when used in a social constructivist manor. The test 

group was directed to discuss the displayed clicker results in small, seat groups before having a 
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whole class discussion. The control group discussed the displayed results as a whole without 

getting to discuss the results in small groups first. This study did not realize a gain in 

achievement on tests and quizzes, and survey responses did not show an improvement in 

students‘ attitudes towards chemistry. The students did feel the clickers were an effective 

teaching tool. Survey and engagement data also showed that clickers increased student 

engagement. Additional uses of clickers need to be studied as well as the role other pedagogies 

have on the effective use of clickers. While the results of the clicker study may be less than 

ground-breaking, the MCE program developed the research experience and confidence needed to 

become a teacher leader.  

 

P156: Structuring education courses to have an impact: Professional development by 

teachers for teachers 
Grace Kim (University of Pennsylvania, USA) 

Teachers often bemoan graduate courses that have little to do with their real-life classrooms. 

Often there is sparse opportunity to share resources and support fellow teachers in a way that 

addresses both the curriculum-based needs of a teacher and the educational research and theory 

that underlie many practices. In my second education course in MCEP under Dr. Wesley Pitts, 

my fellow cohort members and I collaboratively produced and experienced several meaningful 

professional development (PD) that have made a difference in the way we think about teaching 

and what happens in our classes. Much of the impact of these PDs had to do with the way in 

which the course was structured and the way in which the PDs were delivered. This talk focuses 

on: i. what about the PD format and educational course structure made these PDs particularly 

effective and practical, ii. some examples of the PD content presented (e.g. demonstrations and 

supporting constructivist techniques, manipulatives, foldables, POGIL use with applets, as well 

as references to supporting literature), and iii. some examples of the changes catalyzed by our 

professional development experience, with evidence taken from several cohort members' e-

portfolio entries  

 

P157: Why do we have to learn this? The real reason for taking chemistry in high school 
Mike Dappolone (Cherry Hill High School East, USA) 

Whether at the elementary, secondary, or post-secondary level, no teacher has been spared the 

agony of the inevitable questions ―When will I ever use this?‖ and ―Why do we have to learn 

this?‖ Students in chemistry classrooms across the world doubtless have this one thought in 

common, and it is equally likely that most teachers wince (or sneer!) when these questions come 

up. But the reality is that this is a legitimate question, one that pushes chemistry teachers to 

demonstrate the intrinsic value of the subject. Students engage in studies of many subjects 

simultaneously, and the scramble not to fall behind often leads to students‘ failure to realize the 

benefits of science education outside of the science classroom. It is the job of teachers to make 

those benefits clear and to isolate and emphasize the importance of the role of science across 

discipline, which ultimately promote a greater interest in science careers. This talk will 

emphasize how a teacher‘s mastery of inquiry and exposure to advanced content (resulting from 

coursework in the Penn STI MCE Program) contributes substantially to developing in students 

the cross-disciplinary talents of critical analysis and problem solving, and how these skills are 

the primary goal of science courses in the high school environment. 

 

P158: Teaching high school chemistry with process oriented guided inquiry learning 
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(POGIL) and evaluating the influence on student attitudes toward learning science 
Mark Hayden (Central Bucks School District, USA) 

Time restraints caused by overloaded curricula and an emphasis on high-stakes standardized tests 

have catalyzed the use of traditional, didactic forms of teaching in high school science 

classrooms. Students often learn by first reading and discussing scientific facts, then later 

confirming them with cookbook-style laboratory activities. Although an efficient strategy for 

promoting the recall of memorized facts, this approach does not align with the true nature of 

science (NOS) and fails to introduce learners to the data-driven process through which creative 

individuals collaborate to generate new scientific knowledge. Process oriented guided inquiry 

learning (POGIL), extensively utilized and studied at Penn STI, is a research-based technique 

that provides learners with the ability to construct understanding according to the fundamental 

tenets of NOS. The presentation will highlight how my instruction has evolved and improved 

after incorporating new skills and understandings that I gleaned from Penn STI‘s MCEP (a NSF-

funded K-12 / college partnership) into my own classroom including: - use of POGIL as a 

technique for effectively teaching chemical concepts - evaluation of teaching and learning, as 

well as student attitudes related to science, using quantitative and qualitative data. 

 

9:00 AM - 12:00 PM U-413 

S10: POGIL – POGIL in High School and Lab, Part 2 of 3 

Tina Mewhinney (Eastfield College and University of North Texas, USA) 

Process Oriented Guided Inquiry Learning - papers welcomed for all levels of POGIL use in 

science -- middle school, high school and college. Classroom experiences or research associated 

with POGIL are encouraged. 

9:00   introduction 

9:05 Frank Creegan 
P159: Using POGIL and SWH to promote student understanding of 

organic reaction mechanisms  

9:25 January Haile P160: Inquiry experiments in General Chemistry 

9:45 Paula Butler 
P161: High School POGIL Initiative (HSPI) : A new resource for 

chemistry teachers 

10:05 Stephanie Katz 
P162: How POGIL activities clearly uncovered my students‘ 

misconceptions 

10:25   break 

10:40 
Jacqueline 

Hilsenbeck-Fajardo 

P163: Identification of misconceptions held by high school general 

chemistry students within a POGIL-based learning environment 

11:00 Jill Barker P164: Reflections on POGIL with High School Chemistry Students 

11:20 Caroline Lehman P165: Encouraging the POGILisation of the high school curriculum 

11:40   discussion 

 

P159: Using POGIL and SWH to promote student understanding of organic reaction 

mechanisms  

Frank Creegan (Washington College, USA) 

In a POGIL organic chemistry laboratory students, working in self-managed groups, explore a 
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chemical reaction under varying conditions. This is done to test out their tentative answers to a 

Question of the Day, (QOD), posed by the instructor. Each set of data is examined with the aid 

of in-lab guided inquiry questions. Section or class data are pooled to obtain a deeper or more 

complete understanding of the chemical concepts and principles involved. Students are then 

asked to propose answers to a set of post-lab questions that involve the application of the newly 

uncovered concepts to new situations. In the SWH approach, students also conduct learning 

cycle-based experiments but to answer student-generated questions, (SGQ). In both approaches, 

each student, in a written report, is able to make claims about reaction mechanisms that can be 

backed up with experiment-based evidence.  

 

P160: Inquiry experiments in General Chemistry 

January Haile (Centre College, USA) 

POGIL (Process oriented guided inquiry learning) activities assign students groups and specific 

roles within the group. In addition, the activities are carefully crafted to guide the students 

through concept discovery and exploration. Several traditional laboratory exercises for general 

chemistry were adapted to a POGIL format. This presentation will describe these activities and 

the students‘ perception of POGIL activities compared to the traditional laboratory exercises at 

Centre College.  

 

P161: High School POGIL Initiative (HSPI) : A new resource for chemistry teachers 

Paula Butler (Cincinnati Country Day School, USA) 

Come and discover why so many high school teachers are finding Process Oriented Guided 

Inquiry Learning (POGIL) to be an intriguing and powerful teaching technique! During this 

session teachers will be introduced to POGIL activities that have been written and classroom-

tested by high school chemistry and biology teachers as part of the High School POGIL Initiative 

(HSPI) funded through a grant from the Toyota U.S.A. Foundation. POGIL is a classroom and 

laboratory technique that is designed not only to teach content, but also to teach key process 

skills such as critical thinking, effective communication, and teamwork. This session will include 

short video clips of high school POGIL classes in action and student testimonials about their 

experience. More information about POGIL is available at pogil.org. 

 

P162: How POGIL activities clearly uncovered my students’ misconceptions 

Stephanie Katz (Linden Hall, USA) 

Before I submitted several acid/base activities to the HSPI project, I field-tested the activities 

with three levels of my high-school students: AP, Honors, and regular chemistry students. I was 

quite surprised by the misconceptions that were uncovered at all three levels. I have been 

teaching chemistry for 20 years and have used the :B symbol to represent the ―generic base with 

lone pair‖ as a model. I had not realized that some students might think that B was the symbol 

for boron. This discovery allowed me to recognize that no matter how clear we think we are 

being as educators, student perceptions are prone to misinformation from the models we use. The 
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surprising misconceptions that I uncovered during my field-testing and other misconceptions will 

be discussed during this symposium.  

 

P163: Identification of misconceptions held by high school general chemistry students 

within a POGIL-based learning environment 

Jacqueline Hilsenbeck-Fajardo (University of Northern Colorado, USA), Vanessa Fishback 

(University of Northern Colorado, USA), Jerry P. Suits (University of Northern Colorado, USA), 

Praveen Vadapally (University of Northern Colorado, USA) 

The Group Assessment of Logical Thinking (GALT) and the Chemistry Concept Inventory 

(CCI) were used to assess chemistry-based conceptual development in a group of approximately 

130 general chemistry high school students. It was determined that the vast majority of 

participants were categorized as formal reasoners on both pre- and post- GALT assessments. 

Approximately 10% of the population increased one category in reasoning capability between 

pre- and post-test GALT. Though there was very little correlation between raw GALT and CCI 

scores, a significant correlation was observed between average GALT and CCI scores 

(r
2
=0.923), an indication that performance on chemistry-based concept inventories may be 

related to formal reasoning capability. Pre- and post-test CCI assessments revealed that just over 

half (54%) of students gained on at least one question, and of these a third gained on two or more 

questions; only 8% gained on at least five questions and nearly a fifth of students had no gain. 

Comparison of the CCI raw score data from the high school general chemistry population 

showed remarkable similarity to published CCI data taken from a general chemistry population 

at a Midwestern, Research-1 university. Deviations on gain scores of the two groups primarily 

occurred on concepts involving thermodynamics or molecular structure upon phase changes. A 

significantly higher gain was observed in the high school population on concepts pertaining to 

gaseous behavior, relative to the university population. The identification of misconceptions, as 

well as subsequent eradication or perpetuation of these misconceptions within a POGIL-based 

learning environment will be presented. 

 

P164: Reflections on POGIL with High School Chemistry Students 

Jill Barker (Millbrook High School, USA) 

POGIL has been incorporated into my classroom over the past four years with general, honors, 

and AP chemistry students. I will share both advantages and challenges with using POGIL in 

these settings as well as with developing POGIL activities. 

 

P165: Encouraging the POGILisation of the high school curriculum 

Caroline Lehman (Head Royce School, USA) 

The POGIL approach is innovative and enables students to build their understanding of the 

material in a cooperative way. It is a natural extension of guided discovery learning and the chem 

study approach. How can we "fit" POGIL into the curriculum which is used by our schools? 

How can we use the materials we have already developed and redesign them using the POGIL 
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scaffolding? A round table discussion to pool resources and ideas for chemistry teachers who 

want to use POGIL to teach high school chemistry. 

 

9:00 AM - 12:00 PM U-412 

S64: Research in Chemistry Education - The Affective Domain 

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. 

9:00   introduction 

9:05 Alicia Garcia P166: Using HLM to examine chemistry self-efficacy trends 

9:25 
Elizabeth 

Ilnicki-Stone 

P167: How learning styles, chemistry attitudes and experiences, and 

demographics affect academic success in students taking first and second 

year chemistry courses 

9:45 Debra Feakes 
P168: Impact of supplemental instruction on performance, retention, and 

chemistry self-efficacy among undergraduate chemistry students 

10:05 
Christopher 

Bauer 

P169: General chemistry student perceptions of their own abilities: 

Patterns of attribution 

10:25   break 

10:40 An-Phong Le 
P170: Changes in chemistry students‘ confidence in answering conceptual 

questions across different chemistry courses 

11:00 Megan Grunert 
P171: Understanding women's career choices in chemistry: A qualitative 

study 

11:20 Andrea Verdan 
P172: Making decisions in scientific research: Conceptions of 

contributions, collaborations, and credit  

11:40 Jouni Valisaari 
P173: Communication and use of language in Finnish secondary school 

science education 

 

P166: Using HLM to examine chemistry self-efficacy trends 
Alicia Garcia (University of South Florida, USA), Jennifer Lewis (University of South Florida, 

USA) 

Self-efficacy is an aspect of chemistry education that has not yet been fully explored, although 

some researchers have found chemistry self-efficacy to be a fair predictor of achievement in 

chemistry. Considering the continued under-representation of women and minorities in the 

physical sciences, self-efficacy trends are especially relevant. This talk will report on self-

efficacy trends within a large preparatory college chemistry class for science majors. A subscale 

of the CAEQ, Chemistry Attitudes and Experiences Questionnaire (developed by Dalgety et al., 

2003), was used to determine student chemistry self-efficacy as it changed through the semester. 

The questionnaire was given to the students five times during the semester: during the first class 
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and during the class immediately before each of four tests taken through the semester. HLM 

(hierarchical linear modeling) was used to model the results of the CSE surveys. The analysis 

revealed that women, who started at significantly lower CSE than men, accomplished a 

significant gain by the end of the semester. While this gendered result was expected and 

desirable, a more surprising finding was revealed upon comparison of trends for different 

racial/ethnic groups.  

 

P167: How learning styles, chemistry attitudes and experiences, and demographics affect 

academic success in students taking first and second year chemistry courses 
Elizabeth Ilnicki-Stone (Brock University, Canada) 

At Brock University, the Faculty of Mathematics and Science has the highest percentage of 

students on academic probation with students reporting the most difficulty with Introductory 

Chemistry in first year and Organic Chemistry in second year. In order to identify strategies to 

improve students' performance and reduce the number of students on academic probation, a 

multi-year research project was undertaken. Students in first year Chemistry courses were asked 

to complete three questionnaires on two occasions during the academic year, once near the 

beginning of term in October, and again at their last lecture in April. Those students who took 

Organic and Analytical Chemistry in their second year were again asked to complete these 

questionnaires. The three questionnaires included the Kolb Learning Styles Inventory (Kolb, 

1984) which was modified slightly to include specific reference to chemistry in each question. 

The second questionnaire was Dalgety, Coll, and Jones' (2003) Chemistry Attitudes and 

Experiences Questionnaire (CAEQ), and lastly, a demographic survey prepared by the 

researchers with input from Brock University's Department of Psychology. Correlations were 

found to exist between learning style and academic success with concrete learners not being as 

successful as those with other learning styles. Differences were noted in First Generation 

students' success as compared to those students who had a parent or sibling who attended 

university and differences were also noted between females and males with respect to learning 

styles, academic success, confidence, failures, and withdrawals. 

 

P168: Impact of supplemental instruction on performance, retention, and chemistry self-

efficacy among undergraduate chemistry students 
Debra Feakes (Texas State University – San Marcos, USA), Lindley Alyea (Texas State 

University – San Marcos, USA), Robert Reardon (Texas State University – San Marcos, USA) 

Researchers at Texas State University – San Marcos have been investigating the motivation of 

students to participate in supplemental instruction (SI) and the impact of this participation on 

students in the first four semesters of chemistry. SI is available to all on-sequence sections of 

general and organic chemistry. Each semester, three sections of the general chemistry sequence 

have a required SI component and the remaining sections have a voluntary SI component. All 

organic chemistry sections have a voluntary SI component. Student-level data are collected to 

measure attendance, performance, retention, and perceived chemistry self-efficacy. Additional 

variables include student demographics and past academic performance (such as high-school 

class rank and whether or not they took chemistry in high school). Path analyses are used to 

measure the impact of SI on the students. This study, originally funded by internal research 

grants, will be part of a National Science Foundation grant (2010-2013) funded to investigate the 

reasons that students participate in SI programs and also to gain an understanding of which 

students are impacted the most by this participation. Ultimately, we hope to increase the 
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performance and reduce the attrition of science, technology, engineering, and mathematics 

(STEM) students, particularly those that are considered high risk. Results from the first year of 

data collection and analysis will be presented.  

 

P169: General chemistry student perceptions of their own abilities: Patterns of attribution 
Christopher Bauer (University of New Hampshire, USA), Trevor Bland (University of New 

Hampshire, USA), Rachel Mixon (University of New Hampshire, USA), David Wilk (University 

of New Hampshire, USA) 

We are interested in exploring the role of motivation and peer support in the learning of 

chemistry and thinking skills in the environment of the general chemistry course. A large percent 

of students nationwide encounter chemistry as one of their very first college courses. How they 

respond to this encounter may determine whether they pursue a science career path or sustain 

sufficient effort to meet the course expectations. Before and after each of three regular chemistry 

exams, students provided information regarding their perceptions of their relative ability and 

exam performance. The data consist of a numerical percentile position relative to the whole class 

and written comments indicating the basis of their self-assessment. We are interested in how 

aspects of motivation and metacognitive behaviors change across the semester in relationship 

with actual and perceived competence. Students also completed inventories regarding self-

concept in chemistry (pre/post) and motivation and metacognitive behaviors (immediately pre-

exam). Students had been randomly assigned to participate in PLTL or to complete an alternative 

equal-time study routine. An additional set of questions then is in what ways are PLTL 

participants different in their behaviors or self-assessments.  

 

P170: Changes in chemistry students’ confidence in answering conceptual questions across 

different chemistry courses 
An-Phong Le (University of Illinois at Urbana-Champaign, USA), Jordan Beck (University of 

Illinois at Urbana-Champaign, USA), Don DeCoste (University of Illinois at Urbana-

Champaign, USA) 

College students in introductory chemistry courses arrive with diverse prior experiences with 

chemistry in high school, prompting a number of colleges and universities to offer several 

introductory courses to best accommodate all students. Since these introductory courses often 

funnel students towards the same upper level courses, we are interested in the ability of these 

more tailored classes to remediate those students who had less high school chemistry exposure. 

We administered a custom-written survey of conceptual chemistry questions to over 2000 

students in introductory, general, and physical chemistry courses over four semesters and asked 

students to rate their confidence in their answers. We report the aggregate changes observed in 

the students‘ confidence from the beginning to the end of the semester within a course as well as 

between courses to measure how their confidence changes with additional chemistry experience. 

 

P171: Understanding Women's Career Choices in Chemistry: A Qualitative Study 
Megan Grunert (Purdue University, USA), George Bodner (Purdue University, USA) 

The under-representation of women at the graduate and faculty levels in chemistry has been 

well-documented statistically, particularly at the transition from graduate school to academic 

research professor. This qualitative study examined how women in chemistry make career 

decisions to better understand why so few women choose to enter academic research careers. 

Using interviews with ten graduate students at two universities and ten faculty members from 
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three research intensive universities and three teaching focused universities, common themes 

were identified regarding rewards associated with different careers, lifestyle concerns, and 

graduate student perceptions of careers. In general, graduate students failed to identify the 

rewards of academic research that were reported by faculty members at research institutions. 

They also did not recognize the many roles faculty members at teaching institutions had to take 

on outside of teaching. These findings shed light on why so few women PhD chemists choose to 

apply for tenure-track academic research careers. Possible interventions include improving 

relationships and conversations between women faculty and graduate students, improving hiring 

and benefits packages, and supporting family-friendly policies.  

 

P172: Making decisions in scientific research: Conceptions of contributions, collaborations, 

and credit  
Andrea Verdan (Clemson University, USA), Gautam Bhattacharyya (Clemson University, USA) 

Whether fresh from graduate school or a post-doctoral fellowship, young scientists are in a 

position rife with challenges. These scientists—whether starting a position in industry or 

academia—are expected to teach and mentor novices, write grant proposals, obtain and budget 

research funds, and participate in various committees and conferences, all in addition to starting 

their own research programs. Though leadership and mentoring programs for young scientists 

are becoming increasingly popular in research institutions across America, little has been 

reported about the struggles, attitudes, and beliefs pertaining to major research decisions during 

this time of development in young scientists' careers. We recently designed a study to explore 

how engineering and science researchers in academic positions experience decision making in 

their own work, by probing their understandings and practices of making contributions, 

participating in collaborations, and assigning credit in scientific research. We will present 

preliminary results of our interviews with early career to tenured faculty members in the College 

of Engineering and Science at a large, southeastern institution. Inductive, grounded-theory 

analysis of our findings will help inform changes in scientific curriculum and mentorship 

practices in order to better prepare students to manage the challenges posed by being scientists in 

the 21st-century.  

 

P173: Communication and use of language in Finnish secondary school science education 
Jouni Valisaari (University of Jyvaskyla, Finland) 

The role of teacher becomes pronounced in laboratory-based learning of chemistry: Teacher has 

to guide and supervise students as well as to help students to construct scientific concepts. One 

of the goals is that the teachers should be able to create developing interaction in classrooms. 

When the teacher participates in classroom discourse together with the students, this has a 

remarkably effect on the quality of students‘ activities and cognitive processes. Interactive 

teaching discussion is necessary, when better learning results are strived for. In this qualitative 

research project communication and the use of scientific language in Finnish secondary schools 

were studied. Two main research questions are considered here: (1) What kind of discourse is 

used during chemistry lessons? and (2) How discourse is shifted towards scientific discourse 

during secondary school? Research material consists of observations in eight chemistry lessons. 

The role of teacher in experimental teaching was salient. Learning environment in lessons was 

informal. A notable part of teachers talk was related to maintain order in classroom and giving 

safety instructions. Based on the observations, the teacher guided actively students to consider 

the idea of laboratory experiments. Usually normal spoken language was used to describe the 
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observations instead of the scientific discourse. Teacher evaded to give students complete 

answers, but he spurred them to use their own words to describe the observations. The 

discussions during the lessons were mainly interactive: teacher kept a continuous interaction with 

students. Occasionally true dialogue appeared during lessons. Also double talk was used. 

 

9:00 AM - 12:00 PM WH-218 

S20: Research Programs and Experiences at All Levels - Part 1 of 2 

Joseph Grabowski (University of Pittsburgh, USA), Tyson Miller (University of Connecticut, 

USA) 

This symposium will feature both students and faculty discussing research, research programs, 

and the impact of the research experiences on students and faculty.  

9:00   introduction 

9:05 
Stephanie 

Cunningham Ryan 

P174: After School Matters science37 program in Chicago Public 

Schools 

9:25 BASSAM ATTILI P175: Developing a research culture at Collin College 

9:45 Neil Heckman P176: January REU opportunities 

10:05 Bal Barot P177: Teaching by research projects in a community college 

10:25   break 

10:40 Joseph Grabowski 
P178: First experiences in research: A program to rngage 2nd term 

freshman in authentic, faculty-mentored research 

11:00 Ruth Shear 
P179: Fostering excellence by teaching through research: The 

Freshman Research Initiative at The University of Texas at Austin  

 

P174: After School Matters science37 program in Chicago Public Schools 
Stephanie Cunningham Ryan (University of Illinois at Chicago, USA), Sara Marchlewicz 

(University of Illinois at Chicago, USA), Donald Wink (University of Illinois at Chicago, USA) 

This talk will describe an after school program at a Chicago Public School that enables high 

school students to gain marketable soft skills and laboratory skills. Students get experience in 

pipetting, graphing, identifying unknowns, presenting data, and devising their own procedures 

for labs. In the program, we take field trips to scientific companies like Abbott Laboratories 

where the students meet scientists and have hands-on experiences in professional laboratories. 

We have a strong focus on the post-secondary, whether it be education or employment. Students 

are asked to use ‗backwards planning‘ to identify short term goals to help them achieve their 

long term goals. The instructors then find opportunities in the community, paid or volunteer, for 

the students to help them gain experience. Last year, we held a Career Day, organized by the 

students where professionals from all of the fields of interest by the students were invited to 

speak. Some students have even secured shadowing opportunities.  

 

P175: Developing a research culture at Collin College 
Bassam Attili (Collin College, USA) 

Collin College offers a unique research opportunity for students. Faculty and students are 

encouraged to do research as part of the Center of Advanced Studies in Math and Natural 

Science (CASMNS). Students enrolled in select science courses can do a research project with 
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any professor with an on-going research project. The research is coordinated and supported by 

the college‘s Math and Natural Science division. It is an opportunity to be involved, to learn, to 

teach and give back to students and the community. One of the ongoing chemistry projects has 

been monitoring the level of nitrites, nitrates, phosphates, and trace metals (iron, copper, cobalt, 

lead and mercury) utilizing a Spectronic 20 and a standard analysis kit. This talk will address the 

partnerships formed as well as the benefits to the students, partners, and community.   

 

P176: January REU opportunities 
Neil Heckman (Hastings College, USA) 

Research Experiences for Undergraduates (REUs) are outstanding summer based programs at 

research institutions that enable undergraduate students the opportunity to participate in high 

level research. Many students at primarily undergraduate institutions find these opportunities 

extremely valuable as these are research experiences not possible at their institution. Competition 

for these programs has increased and in many cases even well qualified students are unable to be 

accepted and this can discourage them from pursuing graduate studies. Hastings College is a 

small liberal arts college in South Central Nebraska with a 4-1-4 academic calendar. This means 

that in January there is a three-week session in which a student is enrolled in only one course and 

it is designed to be a unique experience not possible during the regular term. Approximately 100 

other schools in the United States have this academic calendar. This past January, Hastings 

College sent seven students to study at the University of Nebraska at Lincoln using a mini-REU 

model. Students were assigned to research faculty members laboratories and where able to work 

alongside graduate students and post-docs. There are pros and cons of this model which are 

discussed in this paper, but other schools with a 4-1-4 academic calendar may be able to create 

new and valuable partnerships with research institutions in their region using our model.  

 

P177: Teaching by research projects in a community college 
Bal Barot (Lake Michigan College, USA) 

Research project assignment for second semester Organic Chemistry students serve a valuable 

teaching methodology.Use of 400 MHz Ft-NMR and FT-IR helps the student to determine the 

structure. Students after completing such a project, in a survey, indicated more confidence and 

potential for higher studies in scientific field than those who chose usual routine lab assignments.  

 

P178: First experiences in research: A program to engage 2nd term freshman in Authentic, 

faculty-mentored research 
Joseph Grabowski (University of Pittsburgh, USA) 

First Experiences in Research, designed for second-term freshmen, gives an undergraduate 

student the opportunity to participate in research, scholarly or creative activities under the 

tutelage of a natural science, social science or humanities faculty member. Staff, funded by the 

associate dean, actively seeks faculty-mentored projects from across the campus, recruits 

students who have no prior undergraduate research experience, and facilitates a coherent 

interviewing and matching process. Matched student-mentor pairs meet regularly together work 

on the research project for 5 to 10 hours per week. Students enrolled for credit or as workstudy 

meet every other week as a cohort to explore topics about research and scholarship including 

literature – both how to search it and how to read it, record keeping, contextualizing, 

summarizing, and communicating their contribution to an overall larger project. A high energy 

poster session serves as the capstone for the spring term offering and as the launching pad for 
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undergraduates to continue their scholarly activities over additional semesters. The presentation 

will conclude with a consideration of the special challenges and rewards for Chemistry faculty 

participating in this growing program. 

 

P179: Fostering excellence by teaching through research: The Freshman Research 

Initiative at The University of Texas at Austin  
Ruth Shear (University of Texas at Austin, USA) 

Incredible potential exists at large research institutions to create a generation of science-minded 

innovators through undergraduate research, yet current models have limitations of scale. The 

Freshman Research Initiative (FRI) in the College of Natural Sciences at UT-Austin is a 

reinvention of our undergraduate research paradigm recruiting over 500 freshmen each year into 

a faculty-initiated three-semester research-based degree course sequence that increases the 

number and diversity of students involved in research, and significantly impacts student success 

and engagement in science. Originally conceived in response to an NSF Undergraduate Research 

Collaboratives proposal solicitation, this program was expanded to the biological sciences with 

HHMI funding and to physics, mathematics, computer sciences and astronomy with university 

support. Our students experience curriculum coverage, laboratory training, and research, and are 

provided skills essential to their future life as a scientist, including critical thinking, problem-

solving skills, teamwork, use of scientific literature, safety awareness, data interpretation, 

presentation, publication and mentoring. Although the scale of FRI is large, and the University of 

Texas student body is enormous, the student experience in our program is that of a small group, 

with contact, support and mentoring, at all levels of the research group hierarchy from their 

faculty to peer mentors. We are demonstrating that undergraduate research can work at large 

scales to recruit and engage students. The entwined institutional missions of research and 

teaching then are able to enrich one another in real and concrete ways, bringing the historic idea 

of a ―university‖ closer to reality. 

 

9:00 AM - 12:00 PM WH-316 

S21: Strategies for Student Engagement in General Chemistry – Part 1 of 2 

Roy Jensen (Grant MacEwan University, Canada) 

This symposium explores the changing and diverse learning behaviors of today's students and 

presents the opportunities, challenges, and strategies instructors have developed for engaging 

students in general chemistry -- a mix of chemistry, science, and non-science students.  

9:00   introduction 

9:05 
 

P180: Making chemistry fun again 

9:25 Kirsten Casey P181: Beyond lecturing: active learning made quick and easy 

9:45 Al Hazari P182: Periodic fun 

10:05 Sally Mitchell P183: Engaging students through measurement 

10:20   break 

10:40 
Brett 

McCollum 
P184: Hydrogen atom stairs, death of a chemist, and other games 

11:00 Kerry Pickin 
P185: Utilizing the diversity of student interests to tailor a chemistry 

course for non-science majors 

Withdrawn 
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11:20 Betsy Ratcliff P186: How we got off the Kill List 

11:20   discussion 

 

P180: Making chemistry fun again 

Ron Briggs (Arizona State University, USA) 

Freshman chemistry classes have the unfortunate stigma of being uninteresting, tedious courses 

that incoming students dread. Instructors of these courses have to overcome student 

misconceptions and present chemistry as the dynamic, engaging, and entertaining subject that it 

is. To accomplish this, I make use of non-traditional multimedia aids such as high definition 

(HD) video content, popular culture examples (chemistry in TV and movies), 'game show' 

review sessions, and sometimes even references to Michael Jackson and David Hasselhoff in the 

classroom. I will talk about some of my successful experiences in this area and also how I 

encourage active learning environments in all components (lecture, lab, and recitation) of my 

first semester general chemistry course. 

 

P181: Beyond lecturing: Active learning made quick and easy 

Kirsten Casey (Anne Arundel Community College, USA) 

Come and learn how quick and easy it is to implement strategies for getting your students 

actively involved in your chemistry classes. You will learn several techniques that work for any 

subject matter, how to trouble shoot activities, and practical advice on implementation. I will 

share some of my activities in general chemistry and talk about how I use active learning to fix 

the lessons that just don't work. For each technique I will discuss implementation and results in 

the classroom. Each participant will get a handout with a complete set of directions for all 

activities.  

 

P182: Periodic fun 

Al Hazari (University of Tennessee, USA), Hans-Dieter Barke (University of Muenster, 

Germany) 

This talk will focus on a fun and educational display and discussion of over 50 periodic tables of 

the chemical elements. 

 

P183: Engaging students through measurement 

Sally Mitchell (Syracuse University, USA) 

Chemistry uses the international system of units for measurements, and yet, most chemistry 

students fear the metric system and 'conversions' when they take chemistry. This presentation 

will demonstrate how to introduce the metric system and take away the fear. 

 

P184: Hydrogen atom stairs, death of a chemist, and other games 

Brett McCollum (Mount Royal University, Canada) 

Many students report chemistry as their most difficult subject. While that is unlikely to change 

Withdrawn 



Monday Morning Program – 21st BCCE – 2010 
 

 Page 44 
 

any time soon, teaching chemistry through games has proven to increase student engagement. 

Positive student feedback and improved test scores demonstrate that a well designed game is 

worth the sacrificed lecture time. From board games and PowerPoint games, to research and 

role-play, these learning activities can be designed for use in both small and large classes. 

Discussion will focus on examples of the games used in general chemistry lectures, tutorials, and 

online discussion boards at Mount Royal University. 

 

P185: Utilizing the diversity of student interests to tailor a chemistry course for non-science 

majors 

Kerry Pickin (Centre College, USA) 

Chemistry courses for non-science majors are often considered by students to be the 'scary 

monsters' which are required as part of the general education curriculum for graduation. These 

courses often leave educators frustrated by students with no desire to do anything except 'make it 

through' and pass the course. By taking time to develop a flexible modular curriculum, educators 

can work to draw students into the subject matter using the students‘ diverse backgrounds and 

interests.  

 

P186: How we got off the Kill List 

Betsy Ratcliff (West Virginia University, USA), Tabitha Chigwada-Razanguzwa (West Virginia 

University, USA), Mark Schraf (West Virginia University, USA) 

Introduction to Chemistry, Chem 110, exists only to help less talented/prepared students get 

ready for the rigors of majors‘ level chemistry. Since its inception in the 1970‘s the basis of the 

course is problem solving in a chemical context. Despite what many will agree are modest 

academic expectations, Chem 110 has been at the top the administration‘s 'kill list' for years. 

This is the unofficial name for courses within the College of Arts and Sciences with the lowest 

student success rates (percent of enrolled students who earn a grade of C or better during the 

semester). In the past three years we have implemented several student-centered initiatives that 

have improved student success rates enough to remove Chem 110 from the kill list. We report on 

our 'all of the above' strategies and explain why we can argue that our academic standards did not 

slip. 


