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PERC 2015: Theme 
 

CRITICAL EXAMINATION OF LABORATORY-CENTERED 

INSTRUCTION AND EXPERIMENTAL RESEARCH IN PHYSICS 

EDUCATION 
 

Physics, as a disciplinary community, strongly values the pursuit of theoretical, computational, and 

experimental lines of research.  The goal of PERC 2015 is to explore ways PER can investigate and 

support students' development around skills, abilities, and attitudes that foster success in experimental 

endeavors.   

For over a century, the physics curriculum has emphasized laboratory-centered instruction, and more 

recently, undergraduate research experiences are becoming an integral component of the curriculum (see 

the 2014 APS Statement).  Laboratory classrooms and undergraduate research environments are well-

equipped for hands-on learning that involves the practices of scientists and engineers in ways that 

integrate conceptual and mathematical understanding.  Beyond technical abilities, traditional and 

reformed laboratory courses often emphasize teamwork and oral and written communication skills.  The 

breadth and diversity of goals and strategies that can be employed in lab courses is remarkable.  The 

physics education community needs to better understand the impact of these courses on students' 

professional development, their identity, their retention in STEM fields, and their development of specific 

abilities around scientific practices.  Lab-centered classroom instruction and undergraduate research 

experiences are relatively unexplored by the PER community. There is an expanse of intellectually 

fascinating and practically significant research questions that would benefit from the breadth of research 

expertise and methodology represented in the PER community. 

The goal of PERC 2015 is to highlight key areas of existing lab-focused research and to establish 

priorities for new PER related to laboratory and research experiences. Not only will these efforts support 

students' success, but they will also help instructors and physics departments craft their curriculum for a 

holistic physics learning experience that values the broad range of abilities necessary for both theoretical 

and experimental physics. 

Organizers: 

Benjamin Zwickl, Rochester Institute of Technology 

Eugenia Etkina, Rutgers University 

Heather Lewandowski, University of Colorado Boulder and JILA 

MacKenzie Stetzer, University of Maine 
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PERC 2015: Schedule 

Wednesday, July 29 
 

3:00pm – 4:30pm AAPT/PERC Bridging Session Hoff Theater, Adele 

H. Stamp Student 

Union, University of 

Maryland 

 Welcome from the PERC Organizers 

 Sandra Laursen  
Challenges and opportunities for measuring student 

outcomes of undergraduate research 

 Natasha Holmes 

Developing quantitative critical thinking in the 

introductory physics laboratory 

5:00pm – 6:30pm  Dinner Potomac Ballroom 

 David Brookes 

The challenge of implementing education research: A 

holistic and dynamical systems perspective 

 

6:30pm – 6:55pm Physical Review Special Topics PER, 10
th

 

Anniversary Celebration  

Remarks from Dan Kulp 

Potomac Ballroom 

7:00pm – 8:30pm  1
st
 Poster Session 

Odd-numbered posters will be presented during the first 

45 minutes of the session. Even-numbered posters will 

be presented during the second 45 minutes of the 

session. 

Chesapeake 

Ballroom B/C 
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PERC 2015: Schedule 

Thursday, July 30 
 

8:30am – 10:00am  Continental Breakfast Chesapeake 

Ballroom B/C  2
nd

 Poster Session 

Odd-numbered posters will be presented during the first 

45 minutes of the session. Even-numbered posters will 

be presented during the second 45 minutes of the 

session. 

10:30am – 12:00pm Parallel Session I  

 Workshop: Examining metacognition and epistemology 

in introductory labs: Video Workshop 

Room 1101/1102 

 Talk Symposium: New developments in high school 

labs 

Room 0105 

 Custom Format: Bridging educational research and 

practice: Supporting undergraduate research 

experiences in physics 

Room 0101 

 Workshop: Teaching measurement and uncertainty Room 1103 

 Talk Symposium: Research on student conceptions of 

integration in math and physics 

Room 1105 

12:00pm – 1:30pm  Lunch Break Potomac Ballroom 

1:30pm – 3:00pm   Parallel Session II  

 Talk Symposium: Research methodologies in 

laboratory contexts 

Room 1105 

 Workshop: Data-centered teacher professional 

development 

Room 1101/1102 

 Talk Symposium: The role of design in labs Room 0101 

 Talk  Symposium: Disentangling student reasoning 

from conceptual understanding 

Room 0105 

 Poster Symposium: Learning with PhET simulations: 

Beyond conceptual gains in classroom settings 

Room 1103 

3:00pm – 3:30pm Coffee Break Potomac Ballroom 

Foyer 

3:30pm – 4:15pm Closing Plenary 

Helen Quinn 

What does a vision for K-12 science education have to 

do with PER? 

Potomac Ballroom 
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PERC 2015: Plenary Talks 
 

Challenges and opportunities for measuring student outcomes of undergraduate research 

Sandra Laursen, Ethnography & Evaluation Research, University of Colorado 

Inherent in the practice of apprentice-model undergraduate research (UR) is a fundamental tension between the 

educational goals of UR and its basis in faculty scholarship.  This tension leads to challenges for faculty in guiding 

student researchers in their daily work and in positioning their own UR work within institutionally bifurcated 

domains of teaching and research.  It also generates a disconnect when it comes to measuring the outcomes of UR.  

Traditional outcome measures emphasize students' career outcomes and research productivity, while education 

research has documented students' personal and professional learning from UR, including new skills and 

understandings of disciplinary inquiry, growth in confidence and responsibility, and scientific identity development. 

Thus far, self-report measures including surveys and interviews have dominated this young body of research.  I will 

discuss why assessing the outcomes of apprentice-model undergraduate research is inherently difficult, outline the 

strengths and limitations of the approaches tried to date, and suggest areas for future research. 

Bio: Sandra Laursen is senior research associate and co-director of Ethnography & Evaluation Research (E&ER), an 

independent research unit at the University of Colorado Boulder. E&ER conducts research and evaluation studies of 

higher education and career development in science, engineering and mathematics (www.colorado.edu/eer).  Her 

research interests include the underrepresentation of women and people of color in the sciences, professional 

socialization and career development of scientists, teacher professional development, inquiry-based learning in math 

and science, and organizational change in higher education. She is lead author of the 2010 book, Undergraduate 

Research in the Sciences:  Engaging Students in Real Science (Wiley). She has also published chemistry curriculum 

manuals, journal articles in chemistry, education, gender studies, and the Journal of Irreproducible Results, co-

directed a documentary film, and recorded a CD with Resonance Women's Chorus.  She earned a Ph.D. in chemistry 

from the University of California at Berkeley. 

 

Developing quantitative critical thinking in the introductory physics laboratory 

Natasha Holmes, Stanford University 

While the goals for instructional labs have been highly debated, inquiry- and skills-driven labs can lead to 

significant gains in students' scientific and experimentation abilities. A simple scaffold for introductory labs uses 

iterative cycles of comparisons to develop students' epistemologies, experimentation behaviours, and critical 

thinking abilities. By focusing the iterations on improving measurements, students explore the limits of physical 

models in the real world and engage in the evaluation and refinement of these models. In a controlled research study, 

students adopted these behaviours and continued to use them even after instruction to do so had been removed. 

Bio: Dr. Natasha G. Holmes is a postdoctoral researcher in the Physics Department at Stanford University. She 

received her B.Sc. in Physics from the University of Guelph and her PhD in Physics at the University of British 

Columbia. For her dissertation work, she developed and evaluated a pedagogical framework for teaching and 

learning in physics lab courses that focuses on the iterative and reflective nature of experimentation. She is currently 

working to adapt that framework to other lab courses and contexts and to further evaluate what is and is not learned 

in different varieties of labs. She is also interested in how the hands-on and collaborative nature of lab courses 

interacts with issues of gender and diversity. 
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PERC 2015: Plenary Talks 
 
The challenge of implementing education research: A holistic and dynamical systems perspective 

David Brookes, Florida International University 

I believe that there is gap between the results of PER and their classroom implementation. I am concerned about this 

gap and how to close it. I will talk about what I see are two major challenges to implementing PER most effectively 

in physics classrooms. (1) Integration: We lack a good model of the classroom as a complex dynamical system. (2) 

Transformation: Transformation or change is difficult and uncomfortable for both students and instructor. In 

exploring the ideas of integration and transformation, I will try to paint a portrait of my own physics classroom and 

talk about key components of the "physics classroom as a complex system" model, including integrating 

experiments into the classroom setting, the growth of a learning community, and the role of formative assessment 

and reflection. I will also tell a story of my own personal transformation as an educator and describe the 

transformative experience that my students undergo. In reflecting on these transformations, I have come to one 

inescapable conclusion: Real change comes with change in personal orientation for the learner towards learning, and 

for a teacher towards teaching. The key shift is not in the world, but in the self. 

Bio: David Brookes was born in Durban, South Africa. He did his undergraduate degree in physics and applied 

mathematics at the University of Cape Town and completed a M.Sc. in theoretical physics before moving to the U.S. 

to read for a Ph.D. in physics at Rutgers University in New Jersey. There his met his dissertation advisor, Prof. 

Eugenia Etkina, and discovered his true academic calling: physics education research. At Rutgers, he contributed to 

the development and implementation of Prof. Etkina's Investigative Science Learning Environment (ISLE). 

Frustrated by the fact that lab courses were separate from lecture courses in physics, he made a vow to one day teach 

a physics course where experimentation was completely integrated into the class activities. 

David is currently assistant professor of physics specializing in physics education research at Florida International 

University where he teaches an integrated lab/lecture course following the ISLE philosophy. David is interested in 

the interplay between language and cognition in the physics classroom. He also studies the problem of integrating 

research results into the classroom with a particular focus on how students build a learning community. 

David Brookes sees his classroom as a place for transformation, both for himself and for his students. He envisions 

his teaching and research as two dimensions of the same activity: learning. His research informs his classroom 

practice and what he learns from his students informs his research. 
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PERC 2015: Plenary Talks 
 
What does a vision for K-12 science education have to do with PER? 

Helen Quinn, Stanford Linear Accelerator Center 

"The Framework for k-12 Science Education" (NRC, 2012),  produced by an NRC  committee which I chaired, 

delineates a vision of science education as "three dimensional" in that a set of science and engineering practices and 

a set of cross-cutting concepts are defined and given equal importance to a set of core disciplinary ideas in defining 

what all students should learn about science in the course of their k-12 schooling.  This vision was developed based 

on, but extrapolating from, research on learning, chiefly work done with younger students, but also insights 

extracted from some discipline-based education research at the college level. The assumption was made that the 

learning needs of students in broad introductory college level courses and those in high school courses are not 

fundamentally different. Conversely, aspects of this vision can be applied to ask questions about physics education 

at the college as well as at the high school level. In particular, research questions abound about how to engage 

students in science and engineering practices (both in laboratory courses and in research experience settings) and the 

value of doing so. Likewise one can study the value of teaching students to use cross-cutting concepts as lenses to 

think about questions that may be powerful and productive when confronted with new phenomena to explain or 

problems to solve. I contend that the lists of these practices and concepts developed for k-12 can inform and guide 

thinking about science teaching and research on learning at the college level, particularly as one investigates how to 

design an undergraduate physics education program that better serves the needs of all students, including those not 

headed for research careers in physics or related sciences. 

Bio: Helen Quinn is Professor Emerita of Particle Physics and Astrophysics at SLAC National Accelerator 

Laboratory. She received her Ph.D in physics at Stanford in 1967.  She has taught physics at both Harvard and 

Stanford. Dr. Quinn is an internationally recognized theoretical physicist who holds the Dirac Medal (from the 

International Center for Theoretical Physics, Italy), the Klein Medal (from The Swedish National Academy of 

Sciences and Stockholm University) and the Sakurai Prize (from the American Physical Society). She is a member 

of the American Academy of Arts and Sciences, the National Academy of Science and the American Philosophical 

Society. She is a Fellow and former president of the American Physical Society.  She is originally from Australia 

and is an Honorary Officer of the Order of Australia. 

Dr. Quinn is has been active in science education for some years. She served as Chair of the US National Academy 

of Science Board on Science Education (BOSE) from 2009-2014. She served as a member of the BOSE study that 

developed the report "Taking Science to School" and chaired the committee for the "Framework for K-12 Science 

Education", which is the basis of the Next Generation Science Standards (NGSS) that have now been adopted by 

multiple states in the US. She also served on the committee that developed the report "Developing Assessments for 

the Next Generation Science Standards." 
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PERC 2015: Parallel Session 1 

Workshop: Examining Metacognition and Epistemology in Introductory Labs: 

Video Workshop 
 

Description: The purpose of this active-participation workshop is to generate community discussion on what 

students' metacognition and epistemological cognition might look like in introductory physics labs, how can we as 

researchers identify these constructs in video data of students engaged in laboratory activities, implications we can 

draw about lab-based teaching and learning through such investigation, and implications for current and future work 

within PER. The video-data in this workshop comes from a single group of 4 students working on a 2-week lab in an 

introductory physics course for life science majors. During the workshop participants will break into small groups of 

6-8 to view and analyze segments of the video. Through moderated discussions within and between the small groups, 

we hope to further the conversation within PER about the constructs of metacognition and epistemology, 

specifically as they apply to laboratory settings.  

Organizer: Ayush Gupta, University of Maryland 

PRESENTERS:  

L. Conlin, Stanford University 

A. Elby, University of Maryland 

A. Gupta, University of Maryland 
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PERC 2015: Parallel Session 1 

Talk Symposium: New Developments in High School Labs 
 

Description: This session is dedicated to the discussion of the new developments in high school physics labs. 

Specifically, we will focus on the changes that are occurring in the laboratory instruction due to the NGSS and the 

revisions of AP courses. We will also present examples of collaboration between universities and high schools in the 

area of instructional laboratories and its effects on student learning. Presenters in the session are high school physics 

teachers and university faculty. 

Moderator: Eugenia Etkina, Rutgers University 

PRESENTATIONS: 

An Overview of the New AP Physics Lab Guide 

Martha Lietz, Niles West High School; Skokie, Illinois 

The new AP Physics 1 and 2 Courses focus on deep, conceptual understanding and inquiry-based learning through 

labs.  At least 25% of course time should be spent on hands-on laboratory work, and the majority of that should be 

guided or open inquiry.  To support teachers in this endeavor, the College Board has published a document titled 

"AP Physics 1 and 2 Inquiry-Based Lab Investigations: A Teacher's Manual."  This talk will highlight the 

development, intent and content of this lab manual. 

Assessment AP Physics Laboratory Investigations 

Dolores Gende, Pine Crest School, Fort Lauderdale, FL and College Board Advisor to the AP Physics 1 

Development Committee 

This talk will introduce the Science Practices as a guide to describe the knowledge and skills that students should 

learn and demonstrate through laboratory investigations in the AP Physics 1 and 2 courses. A key element of the 

assessment of laboratory investigations in the new courses is the process of scientific argumentation: the 

justifications of claims by using evidence and reasoning. The discussion will include examples of how the lab-based 

questions on the 2015 AP Exam were assessed. 

Starting an Inquiry-Based Laboratory Exercise and the Science Practices 

Jeff Funkhouser, Science Dept Chair, Physics Instructor, Greenhill School 

This presentation will take participants through the introduction of an actual pre-lab session for a mid-year exercise 

that introduces students to elements of springs while using pre-developed concepts from kinematics, dynamics, and 

energy storage and transfer. After the introduction, key highlights from the AP Physics 1 and Physics 2 Science 

Practices will be identified that students would use within the context of such an experience. Connections to future 

units in oscillatory motion and mechanical waves from the AP Physics 1/2 Curriculum Framework will also be 

identified. 
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PERC 2015: Parallel Session 1 

CIPT Labs: A Vehicle for Improving HS Physics Laboratory Programs and Student Learning 

Julie Nucci , Adjunct Professor, Department of Materials Science and Engineering, Cornell University 

Jim Overhiser, Physics Teacher Owego-Apalachin Central School; Teacher in Residence,Dept of  Physics, Cornell 

University 

From 2002-2012 the CNS Institute for Physics Teachers (CIPT) at Cornell University offered professional 

development workshops, graduate courses, and free access to a lending library of over 30 different lab activities co-

developed by teachers and Cornell University researchers. From the time the CIPT started keeping lending library 

statistics in 2005 through the end of the funding period in 2012, there were over 60,000 high school student uses of 

this lending library hardware nationwide. Survey data shows that teachers overwhelming agreed that participation in 

CIPT programs and use of CIPT labs improved teacher confidence, instructional practices, attitude toward teaching, 

and lab program quality. Teachers also reported that their students' confidence, learning, attitude, and course 

enjoyment increased by doing CIPT labs. The CIPT is a replicable model and lending libraries based on CIPT 

hardware have been established in the US and internationally. Best practices gained from 10 years experience will 

be shared. 

Studying student engagement in science practices using their lab reports and lab reflections 

Danielle Bugge, West Windsor-Plainsboro High School 

Eugenia Etkina, Rutgers University, Graduate School of Education 

Science practices are an integral part of learning science. However, mastering such practices is a complicated 

process for high school students. Unfamiliarity with inquiry-based environment and open-ended problems that do 

not have one correct solution is often perceived as frustrating for these learners. How do students cope with these 

challenges and how long does it take them to become comfortable? We implemented ISLE labs that focus on the 

development of student scientific abilities in a high school physics course during one academic year and collected 

data containing the descriptions of designed experiments and students’ reflections. The data allowed us to answer 

questions related to the development of science practices including time required for development of specific 

abilities as well as the level of proficiency. We also investigated the differences in individual and group reports and 

students' self-assessment and reflections. 
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PERC 2015: Parallel Session 1 

Custom Format: Bridging Educational Research and Practice: Supporting 

Undergraduate Research Experiences in Physics 
 

Description: Undergraduate research experiences have been recognized as a significant contributor to students' 

more central participation in physics.  In this session we will synthesize research on undergraduate research 

experiences with programmatic perspective of practitioners.  The first half of the session will be short talks. Leaders 

in scaffolding undergraduate students' experiences in research will present overviews of their programs, 

emphasizing their central design principles. Programs featured here take equity and sense of belonging as central 

foci for their efforts.  Educational researchers will present key takeaways from their work on investigating students' 

experiences with scientific research.  The second half of the session will be a "fishbowl" discussion where audience 

questions will guide a dialogue with our speakers.  Our goals are to give participants the opportunity to learn from 

both researcher and practitioner perspectives, support generative dialogue and feedback across these perspectives, 

and work toward design principles for supporting undergraduate research experiences. 

Organizers:  

Gina Quan, University of Maryland 

Chandra Turpen, University of Maryland 

PRESENTERS:  

S. 5 Hanshaw, University of Colorado Boulder 

Sandra Laursen, Ethnography and Evaluation Research, University of Colorado Boulder 

Kartik Sheth, National Radio Astronomy Observatory 

Anna Zaniewski, Arizona State University 
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PERC 2015: Parallel Session 1 

Workshop: Teaching Measurement and Uncertainty 
 

Description: While measurement and uncertainty are core elements of the physics enterprise, the way they are 

incorporated into undergraduate curricula varies greatly. This can range from simply noting "significant figures" to 

teaching aspects of the technical formalism. In general, however, research has indicated that students do not 

appreciate the nature and role of uncertainty. (Unusually for physics two different paradigms are taught (frequentist 

versus "probabilistic") with distinctly different epistemologically interpretations). The Talk&Work session will 

consist of (a) short Talks summarizing the present situation and (b) inputs from participants in a consultative 

Workshop format. The overall aim of the session is to identify research questions that need answering in order to 

meet the challenges with regard to both teaching and practice on the one hand, and student understanding on the 

other. Participants are asked to bring a summary of current practices with regard to teaching measurement and 

uncertainty in their own institutions. 

Organizer: Saalih Allie, University of Cape Town 

Presenters:  

Saalih Allie, University of Cape Town 

Duane Deardorff, University of North Carolina at Chapel Hill 

Dimitri Dounas-Frazer, University of Colorado Boulder 

Natasha Holmes, Stanford University 
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PERC 2015: Parallel Session 1 

Talk Symposium: Research on Student Conceptions of Integration in Math 

and Physics 
 

Description: Integration is a complex mathematical idea that has multiple meanings and layers. An in-depth 

knowledge of definite and indefinite integrals is extremely important to understanding various physics concepts and 

being able to solve relevant problems. This session includes researchers in both mathematics and physics education 

who have conducted investigations into the teaching and learning of integrals, primarily definite integrals.  Common 

themes in the presented work are student understanding of the Riemann sum, the interplay between the mathematics 

and the physics across multiple contexts, and indeed the role of context itself. 

Discussant: Michael Loverude 

Moderator: Warren Christensen 

PRESENTATIONS: 

Using physics to highlight the underlying structure of Riemann sums in learning definite integrals 

Vicki L. Sealey, West Virginia University 

Several studies have shown that students are most successful solving definite integral application problems when 

they are able to see the definite integral as the sum of infinitely small products, or in other words when they 

understand the underlying structure of Riemann sums. This research involves classroom teaching experiments and 

clinical interviews with first-semester calculus students where initial instruction on definite integrals is centered on 

physics applications that highlight the underlying structure of Riemann sums. For example, when students 

approximate the force of water exerted on a dam, they attend to the underlying structure of force as the product of 

pressure and area. This research aims to identify strengths and weaknesses of the students as they develop an initial 

understanding of definite integrals, and how they use this understanding to build more formal ideas, such as the 

Fundamental Theorem of Calculus and the relationship to area under a curve. 

What the integral does: Physics students' efforts at making sense of integration 

Joseph F. Wagner, Xavier University 

Students use of a variety of resources to make sense of integration, and interpreting the definite integral as a sum of 

infinitesimal products (rooted in the concept of a Riemann sum) is particularly useful in many physical contexts.  

This study of beginning and upper-level undergraduate physics students examines some obstacles students encounter 

when trying to make sense of integration, as well as some discomforts and skepticism some students maintain even 

after constructing useful conceptions of the integral.  In particular, many students attempt to explain what integration 

does by trying to interpret the algebraic manipulations and computations involved in finding antiderivatives.  This 

tendency, perhaps arising from their past experience of making sense of algebraic expressions and equations, 

suggests a reluctance to use their understanding of "what a Riemann sum does" to interpret "what an integral does." 

Physics and calculus students' understanding of the definite integral using graphical representations 

John R. Thompson, University of Maine 

Rabindra R. Bajracharya, Oregon State University 

Using written surveys and individual interviews administered in introductory calculus-based physics and 

multivariable calculus classes, we studied the extent to which the conceptual understanding of definite integrals 

affects the understanding of physics concepts that involve definite integrals. We also elicited specific difficulties that 

students have with definite integrals, particularly with graphical representations, including applying the 

Fundamental Theorem of Calculus to find the integral of a graphed function. One strong focus of this work was how 

students reasoned about integrals that yield a negative result.  We noticed student success invoking physical context 

to interpret certain aspects of definite integrals. Furthermore, we found that although students dominantly used area-

under-the-curve reasoning, including unprompted invocation of the Riemann sum, when contemplating definite 

integrals, their reasoning was often not sufficiently deep to help think about negative definite integrals. 
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PERC 2015: Parallel Session 1 

 

What integration cues, and what cues integration in intermediate electromagnetism 

Leanne Doughty, Michigan State University 

Eilish McLoughlin, Dublin City University 

Paul van Kampen, Dublin City University 

The use of sophisticated math in physical models and problem solving has been identified as a major challenge for 

students in their intermediate and upper-division courses. Integration is a math tool widely used across physics 

contexts. It is perhaps the foremost mathematical technique in intermediate level electromagnetism courses. We 

present semi-quantitative research into students' difficulties with integration in such an electromagnetism course 

with cohorts of about 50 students. We have investigated what students' views on integration are, before they enter 

the electromagnetism course, and interpret the results in terms of their concept images of integration. We have found 

that students primarily see integration as a process of evaluation, and that the majority of students have no 

conceptual aspect in their concept image of integration. We confirm and quantify earlier results that recognizing 

dependency on a variable is a strong cue that prompts students to integrate. In addition, various technical difficulties 

with integration prevent almost all students from getting a completely correct answer to a typical electromagnetism 

problem involving integration. 

Framework for Understanding Introductory Students' Application of Integrals in Physics Problem Solving 

Dehui Hu, Rochester Institute of Technology 

N. Sanjay Rebello, Kansas State University 

The concepts of differentiation and integration are important tools for solving physics problems. Research in physics 

education has reported students' lack of ability to transfer their calculus knowledge to physics problem solving.  We 

conducted group teaching/learning interviews with 13 students to investigate their reasoning in setting up integrals 

in the context of E&M.  We proposed a conceptual framework by integrating aspects of several theoretical 

constructs - mathematical resources, conceptual metaphors, and conceptual blending to help us understand student 

use of calculus concepts in physics. The main contributions of this research include (1)  providing evidence for the 

existence of symbolic forms in students' reasoning about differentials and integrals, (2) identifying conceptual 

metaphors involved in student reasoning, (3) categorizing the different ways in which students integrate their 

mathematics and physics knowledge in the context of solving physics integration problems. 
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PERC 2015: Parallel Session 2 

Talk Symposium: Research Methodologies in Laboratory Contexts 
 

Description: Research in laboratory contexts is less common than research in classroom contexts, but just as 

important.  Labs are where students learn vital experimentation, metacognitive, and problem-posing skills; where 

they try on identities as research scientists, and interact with scientific equipment.  The four projects in this session 

investigate student learning in laboratory contexts with wildly differing research questions and methodologies.  

While some projects take the development of experimentation and bench skills as core to their research, others 

merely use labs as a context for broader questions of student development.  Each research team will briefly present 

their project to situate an interactive discussion of methods and goals of research in laboratory settings.  

Organizer: Eleanor C. Sayre, Kansas State University 

PRESENTATIONS: 

Research Methodologies for Studying Troubleshooting, Metacognition, and Modeling in Junior-Level 

Electronics Courses 

Dimitri R. Dounas-Frazer, University of Colorado Boulder  

Kevin L. Van De Bogart, University of Maine 

Noah D. Finkelstein, University of Colorado Boulder 

MacKenzie R. Stetzer, University of Maine 

H. J. Lewandowski, University of Colorado Boulder 

Studying student learning in upper-division instructional laboratory settings requires tailoring research 

methodologies to the unique learning environments characteristic of these courses. As an example, we present our 

approach to a cross-institutional study of student troubleshooting in junior-level electronics courses. In this study, 

we conducted think-aloud interviews in which pairs of students were tasked with diagnosing and repairing a 

malfunctioning circuit. The resulting video data were examined to probe the relationship between students' 

troubleshooting strategies, metacognitive behaviors, and use of mathematical and conceptual models. In this session, 

we discuss our research methodology, paying particular attention to both preservation of ecological validity during 

data collection and application of existing theoretical frameworks to video data analyses. We further describe our 

application of, and preliminary results from, these methodologies to the specific context of troubleshooting as part of 

a broader effort to develop new frameworks for understanding problem solving in experimental physics settings. 

*This work has been supported in part by the National Science Foundation under Grant Nos. DUE-1245313, DUE-

1323426, DUE-1323101, DUE-1245313, and DUE-0962805. 

Model-Based Reasoning in the Upper-Division Physics Laboratory: Framework and Initial Results 

Dehui Hu, Rochester Institute of Technology 

Benjamin Zwickl, Rochester Institute of Technology 

Noah D. Finkelstein, University of Colorado Boulder 

H. J. Lewandowski, University of Colorado Boulder 

We review and extend existing frameworks on modeling to develop a new framework that describes model-based 

reasoning in upper-division physics labs. Constructing and using models are core scientific practices that have 

gained significant attention within K-12 and higher education. A significant feature of the new framework is that 

measurement tools (in addition to the physical system being studied) are subjected to the process of modeling. We 

designed a short laboratory activity and conducted think-aloud interviews with individual students to refine the 

framework and demonstrate its utility by identifying modeling-based reasoning in the laboratory.  When applied to 

the think-aloud interviews, the framework captures and differentiates students' model-based reasoning and helps 

identify areas of future research. A modeling perspective reframes many of the seemingly arbitrary technical details 

of measurement tools and apparatus as an opportunity for authentic and engaging scientific sense-making. 
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Advanced Lab as a Community of Practice 

Paul W. Irving, Michigan State University 

Eleanor C. Sayre, Kansas State University 

We use the theory of Communities of Practice and the concept of Accountable Disciplinary Knowledge to describe 

how a learning community develops in the context of an upper-division physics laboratory course.   The change in 

accountable disciplinary knowledge motivates students' enculturation into a community of practice. The 

enculturation process is facilitated by four specific structural features of the course and supported by a primary 

instructional choice.  We don't focus on the physics that students learn; rather we focus on how their interactions 

with each other and the equipment show classroom community development. We support our claims with video-

based observations of laboratory classroom interactions and individual, semistructured interviews with students 

about their laboratory experiences and physics identity. 

Emergent studies of students engaged in sense-making labwork 

Corey Ptak, Rochester Institute of Technology 

Mary Bridget Kustusch, DePaul University 

Eleanor C. Sayre, Kansas State University 

Scott V. Franklin, Rochester Institute of Technology 

In the summer of 2014, twenty first-generation and/or deaf/hard-of-hearing incoming STEM majors came to RIT to 

take part in a two-week experience designed to foster reflective, metacognitive practice around the design of 

experiments to investigate climate change. The entire experience -- small group scientific activities and large group 

reflective discussions -- was videotaped and analyzed with an emergent coding framework. From the analysis came 

a number of interesting research questions. On the first full day of the program, the students collaboratively 

developed a sign for the word ``metacognition'' for which there is not a sign in American Sign Language. Three 

aspects of the ensuing discussion stood out: (1) how the instructor communicated expectations about decision 

making; (2) how the instructor promoted student-driven decision making rather than instructor-driven policy; and (3) 

one student's shifts in decision making behavior. Subsequent days raised the issue of student views on expertise, 

what traits they attributed to novices and experts, and how they saw themselves transitioning from novice to expert. 

In this presentation, we discuss the research approach taken to studying a rich laboratory-based environment that 

contained many elements foreign to the researchers (e.g. deaf/hard-of-hearing culture). We conclude by discussing 

implications of this research for activity-based physics instruction.  
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Workshop: Data-Centered Teacher Professional Development 
 

Description: We present four activities that are common to professional development activities in the Maine 

Physical Sciences Partnership (MainePSP) (NSF MSP-0962805). In these activities, we emphasize content 

knowledge, knowledge of students' ideas, and discussion of the pedagogical strategies which best address student 

needs while building on student strengths. Our workshop will focus on the teaching and learning of mechanical 

energy and accelerated motion. In our professional development workshops with teachers, we use student data as 

anchors for discussion - what do we, as teachers, need to know in order to answer these questions, think about our 

students' thinking, and respond in the classroom? In this PERC workshop, we use a parallel structure in which the 

data we discuss were gathered during teacher professional development activities to engage PERC workshop 

participants in discussions of teacher knowledge of content, students, pedagogy, and the overall structure of 

MainePSP professional development design. 

Organizer: Michael C. Wittmann, University of Maine 

PRESENTERS: 

Carolina Alvarado，University of Maine 

Gregory Kranich, University of Maine 

Alex Axthelm, University of Maine 

Michael Wittmann, University of Maine 
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Talk Symposium: The Role of Design in Labs 
 

Description: This session will focus on the implementation and assessment of design-based laboratory activities. 

The speakers will describe their approaches to creating a design-based laboratory experience, and each talk will 

focus on a different element of the lab, such as student affect, scaffolding of lab skills, assessment and self-

assessment, and long-term learning gains. Each of these elements are crucial in creating a productive and positive 

experience for the student. The talks will be followed by a discussion in which the audience is invited to participate. 

Moderator: Katerina Visnjic, Princeton University 

PRESENTATIONS:  

Designing a lab course from the perspective of flow theory  

Anna Karelina, California State University, East Bay  

Creating an inquiry-based lab course, where students design their own experiments, can be a challenging task. It 

requires a delicate balance between difficulty of tasks and students’ skills and abilities. Here we describe an attempt 

of using the flow theory[1] for converting traditional lab courses into ISLE design labs. We analyze students' 

feedback and revise the course within the flow theory framework. It appears to be a powerful tool for decreasing 

frustration often associated with open-ended labs, and for improving students’ attitude towards the labs. This method 

allows us to create an environment where students consider designing an experiment as a challenging but exciting 

activity. [1] Csíkszentmihályi, Mihály (1990), Flow: The Psychology of Optimal Experience, New York: Harper and 

Row  

A Holistic Approach to Reforming Lab-Based Curricula in Cornell University's Materials Science and 

Engineering Department  

Julie Nucci, Cornell University 

Core Materials Science and Engineering courses at Cornell contain a laboratory component starting in the 

sophomore year. This intensifies in junior year, where the laboratory component associated with four core junior 

year courses is consolidated in a two-semester Junior Lab course. Seniors choose between Senior Thesis or Senior 

Lab. Within the past few years, the department has begun taking a holistic approach to laboratory curriculum by 

working towards scaffolding lab skill development across the undergraduate curriculum. This talk will overview 

these measures and focus on the current effort to transform the Junior Lab course from a set of disconnected labs to 

a series of activities through which students hone their skills for conducting experiments, thoughtfully analyzing 

data, performing error analyses, and writing high quality lab reports. Finally, the transformation of Senior Lab into a 

team-based, authentic research experience will be briefly presented.  

Using Students' Design Tasks to Develop Scientific Abilities  

Xueli Zou, California State University, Chico 

To help students develop the scientific abilities desired in the 21st century workplace, four different types of student 

design tasks—observational, testing, application, and investigation experiments—have been developed and 

implemented in our calculus-based introductory courses. Students in small groups are engaged in designing and 

conducting their own experiments to observe some physical phenomena, test a physics principle, build a real-life 

device, solve a complex problem, or to conduct an open-inquiry investigation. This work was supported in part by 

NSF and in collaboration with the Physics and Astronomy Education Research Group at Rutgers University. In this 

talk, examples of the design tasks will be shown and assessment results of students' achievements will be reported.  

  

19

http://www.per-central.org/perc/2015/Detail.cfm?id=6015
http://www.per-central.org/perc/2015/detail.cfm?ID=6317
http://www.per-central.org/perc/2015/detail.cfm?ID=6318
http://www.per-central.org/perc/2015/detail.cfm?ID=6318
http://www.per-central.org/perc/2015/detail.cfm?ID=6319


PERC 2015: Parallel Session 2 

How do self-assessment rubrics affect the quality of students' work in open-ended project labs?  

Gorazd Planinšic, University of Ljubljana, Slovenia 

Klemen Kelih, University of Ljubljana, Slovenia 

Nejc Davidovic, University of Ljubljana, Slovenia 

Sergej Faletic, University of Ljubljana, Slovenia 

Eugenia Etkina, Rutgers University 

We have been running a "Project lab" course for first and second-year physics majors for more than 12 years. The 

main goal of the course is to develop students' science competences and skills in situations that are close to working 

conditions of physicists. Students work in small groups on open-ended practical problems. Last year we decided to 

transform the course by adopting scientific abilities self-assessment rubrics[1] as a tool to help students improve 

specific steps in experimental design. I will describe a research project that we conducted to analyze the effects of 

this transformation. The research was carried out by pre-service physics teachers as a part of their professional 

preparation. In my talk, I will present the design of the research and discuss the findings.  

[1] Etkina E., et al. Using action research to improve learning and formative assessment to conduct research, 

Physical review special topics – PER, 5, 010109 (2009). 

ISLE-inspired Design Laboratory Transformation at Princeton University: Year Two Results 

Katerina Visnjic, Princeton University 

Evelyn Laffey, Princeton University 

Catherine Riihimaki, Princeton University 

Carolyn Sealfon, Princeton University 

In an effort to enhance the traditional calculus-based introductory physics course at Princeton University, an 

Investigative Science Learning Environment[1] (ISLE) inspired lab transformation is underway. In its 2nd year, half 

of all 16 lab sections performed ISLE-inspired lab activities, while the remaining sections performed traditional lab 

activities. We strove for a random selection of students. To assess the effectiveness of the design labs, we conducted 

focus interviews of this year's students and continued interviewing last year's students. The primary questions are i) 

what are the long-term learning gains of the skills developed in design labs and ii) how is the lab experience of the 

students dependent on the instructor. We chose a variety of interviewees based on final first-semester grade, gender, 

and instructor. In this talk, we will describe in more detail the pedagogical approach used in the experimental 

sections and show results from the interviews. [1] Etkina, E., and Van Heuvelen, A. Investigative Science Learning 

Environment – A Science Process Approach to Learning Physics (2007). 
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Talk Symposium: Disentangling Student Reasoning from Conceptual 

Understanding 
 

Description: Improving student reasoning skills is a goal of many physics courses. Students in majors other than 

physics are frequently required to take physics not for specific course content, but rather for the problem solving and 

reasoning skills they are expected to develop. To solve qualitative and quantitative problems in physics, students 

must be able to chain together a succession of ideas leading to a prediction or inference. A recent report [NRC 2013] 

describes the promotion of reasoning abilities as a longstanding focus of PER that remains an important area of 

inquiry. In many cases, however, the assessment of student ability to construct reasoning chains is closely tied to the 

investigation of students' conceptual understanding of a specific topic. This session will present three talks that focus 

on emerging research methods and theoretical constructs used to investigate student reasoning in a way that 

transcends the understanding of specific physics content. 

Organizer: Beth Lindsey, Penn State Greater Allegheny 

PRESENTATIONS: 

Using a possibilities framework to understand student deductive reasoning attempts 

Jon Gaffney, Eastern Kentucky University 

Students in physics courses often struggle to use or even follow formal reasoning when solving problems or 

analyzing physical situations. Instead, they tend to rely on "intuition" or temporarily salient thoughts that may be 

irrelevant to the situation at hand. Understanding what makes those ideas salient and why students make decisions 

based on them is necessary for improving communication with our students and helping them develop intuition 

based on proper reasoning. We approach this problem by assuming that students are authentically trying to reason, 

but they make subtle, nearly unconscious errors. Psychology research in deductive reasoning informs us that novice 

reasoners err by failing to consider all possibilities afforded by a given situation, either by failing to "see" them or by 

prematurely striking them down. We discuss how such errors may arise in physical situations and implications for 

instruction. 

The Contours that Influence Reasoning 

Andrew Heckler, The Ohio State University 

One goal of science instruction is, at least implicitly, to improve students' ability to reason logically about physical 

phenomena, data, and scientific concepts and models. Here I discuss a way of describing the origins of student 

difficulties with reasoning using the analogy of a contoured terrain or boundary. Specifically, reasoning and decision 

making is often constrained by strong tendencies to, for example, reply quickly, use the most available information, 

and make unwitting assumptions and observations aligned with beliefs and experience. I will provide some data on 

several examples in the context of physics education. In one of the cases studied the results provide tantalizing 

implications on how to "reshape the contours" and generally improve some reasoning skills. However, in most cases 

it is not clear if or how one might be able to improve reasoning skills beyond the specific contexts in which the skills 

are practiced. 
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Analyzing Inconsistencies in Student Reasoning Using Dual Process Theory 

Mila Kryjevskaia, North Dakota State University 

A set of theoretical ideas, referred to broadly as dual process theory, asserts that human cognition relies on two 

largely independent thinking systems. The first is fast and intuitive, while the second is slow, logically deliberate, 

and effortful. A common, and particularly puzzling phenomenon has been a focus of an ongoing, collaborative 

investigation: introductory students often demonstrate competent reasoning on one task, but not on other, closely 

related tasks. In some cases, students may simply not possess the formal knowledge and skills necessary to arrive at 

a correct answer. In other cases, however, students may switch their cognitive mode, seeming to abandon the formal 

knowledge and skills in favor of (perhaps more appealing) intuitive ideas. In order to probe the nature of such 

inconsistencies, we developed a paired-question methodology that allows us to disentangle reasoning approaches 

from conceptual understanding and use dual process theory to account for the observed inconsistencies. *This work 

is supported in part by the National Science Foundation under Grant Nos. DUE-1245999, DUE-1245993, DUE-

1245313 and DUE-1245699. 
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Talk Symposium: Student Learning with PhET Simulations: Beyond 

Conceptual Gains in Classroom Settings 
 

Description:  PhET simulations are widely used in high school and college physics classes, but only limited 

research has explored students' thinking and learning when interacting with the simulations.  In this raucous 

structured poster session, we explore students' cognition and learning when using PhET simulations, in ways that go 

beyond documenting conceptual gains from collaborative active learning. By doing so, we hope to bring together 

creative approaches to studying conceptual, epistemological, and affective aspects of students' thinking and learning 

when using PhET sims, sparking discussions of how to push this research forward.  After a brief introduction to the 

session, participants will cycle through a subset of the posters.   Then, the Discussant will comment on the posters in 

provocative ways designed to spur a fruitful discussion during the rest of the session. 

Discussant: Andrew Elby, University of Maryland 

Moderator: Eric Kuo, Stanford University 

PRESENTATIONS: 

Are simulations better than hands-on activities? – The wrong question  

Engin Bumbacher, Stanford University 

Shima Salehi, Stanford University 

Carl Wieman, Stanford University 

In an experimental study, we compared community college students engaged in learning the physical relationships 

of two physical systems, using either PhET simulations or hands-on physical environments.  In both activities, the 

best predictor of learning was a type of strategy that consisted of experimental manipulations that (1) followed a 

control of variable strategy (CVS), (2) occurred with a delay between experiments, and (3) targeted particularly 

difficult relationships that the participants were less familiar with. For one physical system, this strategy was more 

common in the simulation condition, whereas for the other system it was more common in the hands-on condition. 

From this, we argue that future research should focus on understanding productive learning strategies and 

mechanisms supported by different learning environments, not just on which environment is best. 

Teaching and assessing scientific inquiry strategies using PhET simulations 

Luke Conlin, Stanford University 

In this study, we used PhET simulations to teach 100 8th-grade students to use one of two inquiry strategies for 

discovering relations between variables.  Half of the students were taught to use a deductive approach, the Control 

of Variables Strategy (CVS), while the other half were taught a more inductive approach we call the General 

Principle Strategy (GPS).  After eight class sessions, students completed a strategy transfer task, as well as a 

simulation-based assessment using the Balance Act PhET.  We found that students who used their previously-

learned  strategy on the transfer task were more likely to discover the multivariate relation of torque, as measured by 

performance on the Balance Act.  This research highlights the potential of PhET simulations not only as tools for 

inquiry instruction, but also as assessments of the inquiry process. 

Can students learn from simulations at home, alone? 

Wendy Adams, University of Northern Colorado 

Most previous work on student learning with PhET simulations focuses on classroom environments where students 

work in groups, with scaffolding from both worksheets and instructors.  By contrast, our study with high school 

students demonstrates that they can learn from simulations when working independently, both in class and at home, 

when using appropriately scaffolded worksheets. These results, triangulated with those of Ives et al. (see below), 

should spark discussion about when and how PhET simulations can support student learning. 
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Using PhET simulations as pre-lecture assignments to support knowledge consolidation 

Joss Ives, University of British Columbia 

Georg Rieger, University of British Columbia 

Nikki Yee, University of British Columbia 

Hillgan Ma, University of British Columbia 

Deborah Butler, University of British Columbia 

Ido Roll, University of British Columbia 

The context for our study is a first-year Physics course. While the course takes place in Canada, all students are 

international, and this is their first year in an english-speaking institution. Students received a combination of pre-

reading assignments and PhET activities to prepare them for learning on the topics of friction and torque. Students 

worked with the simulations once during the second week of the term and once towards its end. The given activities 

asked students to explore key concepts in the target domain and reflect on their exploration. Results show that 

students engaged with the simulations productively, even in a homework setting without instructor support. 

Furthermore, short interaction with the sim was sufficient to improve students' performance from pre- to post-test. 

Last, students' attitudes towards exploration remained remarkably stable form the first homework assignment to the 

second one, a couple of months later. 

Framings of  PhET manipulations:  Investigating mechanism vs. confirming answers 

Vijay Kaul, University of Maryland 

Ayush Gupta, University of Maryland 

Andrew Elby, University of Maryland 

Our tutorial for the Gas Properties PhET tried to engage students in repeated cycles of (i) making a prediction using 

the ideal gas law about what would happen to the pressure of a gas during a given process such as an isothermal 

compression, (ii) investigating the microscopic mechanism of the physical process using the PhET, and finally (iii) 

reconciling the mathematical and microscopic stories.  Sometimes, observed interactions among students and 

between students and the simulation environment mediated by the tutorial worksheet were about Investigating 

Mechanism, attending to the motion of the molecules, particularly collisions, to describe bulk pressure and 

temperature changes in the gas.  In other moments, however, when addressing step (ii), observed interactions were 

about Confirmation, checking that the pressure increased or decreased as they mathematically predicted in step (i) 

but not attending to the molecular story. Our poster explores these framings of PhET use, our instructional response, 

and implications for other groups designing PhET-based tutorials. 
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P1-94 Influence of Visual Cueing and Outcome Feedback on Students’ Visual Attention during Problem Solving  

 

Elise Agra (Kansas State University), Drew Johnson, John Hutson, Lester C. Loschky, N. Sanjay Rebello 

(Kansas State University) 

P1-64 Students' diagnostic performance following principle-based troubleshooting activities 

 

Sawsan Ailabouni (Weizmann Institute of Science), Rafi Safadi (The Academic Arab College of 

Education, Haifa ), Edit Yerushalmi (Weizmann Institute of Science) 

P1-10 
How Physics Teachers Model Student Thinking and Plan Instructional Responses When Using Learning-

Progression-Based Assessment Information 

 
Alicia C. Alonzo (Michigan State University), Andrew Elby (University of Maryland) 

P1-28 
Teachers Analyzing Teacher Responses:  

Refinement in Their Content Knowledge and Their Analysis  

 
Carolina Alvarado (University of Maine), Michael C. Wittmann, Laura Millay (University of Maine) 

P1-70 Students that leave Physics: what happened and where they go?  

 

Debora Daniela Wendland Amorim (Rochester Institute of Technology), Dr. Scott Franklin (Rochester 

Institute of Technology) 

P1-3 Student Understanding of Differentials in Introductory Physics  

 
Nathaniel Amos (Ohio State University), Dr. Andrew Heckler (Ohio State University) 

P2-102 
Student see or student do? Comparing video demonstrations and hands-on experiences in online 

instruction. 

 

Katie Ansell (University of Illinois at Urbana-Champaign), Mats Selen (University of Illinois at Urbana-

Champaign) 

P2-24 A case study of lab development in the developing world  

 
Muhammad Sabieh Anwar (Lahore University of Management Sciences) 

P1-49 Idea Use Curves  

 

Alex Axthelm (University of Maine), Michael Wittmann, Carolina Alvarado Leyva, Laura Millay, 

(University of Maine) 

P1-39 Applying analogical reasoning to introductory-level synthesis problems  

 

Ryan Badeau (The Ohio State University), Daniel White, Bashirah Ibrahim, Lin Ding, Andrew Heckler 

(The Ohio State University) 

P2-87 Student Thinking About the Divergence and Curl in Mathematics and Physics Contexts  

 

Charles Baily (University of St Andrews), Laurens Bollen (KU Leuven, Belgium ), Andrew Pattie 

(University of St Andrews), Paul van Kampen (Dublin City University ), Mieke De Cock (KU Leuven, 

Belgium) 

P1-72 Characteristics Of Pairs Of Questions That Students Answer Similarly  

 

Trevor A Balint (George Washington University), Raluca Teodorescu (George Washington University), 

Kimberly Colvin (University at Albany SUNY), Youn-Jeng Choi, David E. Pritchard (Massachusetts 

Institute of Technology) 

P1-54 Physics Learning Facilitates Enhanced Resting-State Brain Connectivity in Problem-Solving Network  

 

Jessica E Bartley (Florida International University), Matthew T. Sutherland, Shannon M. Pruden, Eric 

Brewe , Angela R. Laird (Florida International University) 

P2-75 Using Primary-Trait- Analysis to Evaluate a Reformed Engineering Mechanics Course  

 
David Beardmore (Purdue University), Andrew Hirsch, Rebecca Lindell (Purdue University) 

P2-88 Collaboration or copying? Student behavior during two-phase exams with individual and team phases  

 
Ian D. Beatty (University of North Carolina at Greensboro) 
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P2-5 Interviews with Upper-Level Undergraduates about Representations of Plane Waves 

 
Andrew Berger (University of Rochester) 

P1-101 Exploring Problem-Based Cooperative Learning in Undergraduate Physics Labs  

 

Shane Bergin (Trinity College Dublin), Colette Murphy (Trinity College Dublin), Aoibhinn Ni 

Shuilleabhain (University College Dublin) 

P1-44 
Progression from Novice-like to Expert-like Behaviors in 1st-generation and Deaf and Hard of Hearing 

Students 

 

Charles Bertram (Rochester Institute of Technology), Rita Dawod (DePaul University), Noah-Kee J. 

Marks (Kansas State University), Corey Ptak (Rochester Institute of Technology), Martha Rangel (Kansas 

State University), Eleanor C. Sayre (Kansas State University), Mary Bridget Kustusch (DePaul 

University), Scott V. Franklin (Rochester Institute of Technology) 

P2-1 
Assessing Competence in Authentic-driven Inquiry and Problem-solving in an Introductory Physics for 

Life Science Course 

 
Nancy Beverly (Mercy College) 

P1-84 ''Tiered,'' Conceptual iClicker Recitation Introductions 

 
David Blasing (Purdue University), Andrew Hirsch, Rebecca Lindell (Purdue University) 

P2-82 PER in an Upper-Level Introductory Condensed Matter Course  

 

Abigail M. Bogdan (The Ohio State University), Andrew H. Heckler, Christopher Porter (The Ohio State 

University) 

P1-30 Evaluating the use of peer review in introductory physics laboratory 

 
Scott Bonham (Western Kentucky University), Brian Luna (Western Kentucky University) 

P1-27 Assessing the accuracy of student reflection 

 

Andrew Boudreaux (Western Washington University), Therese Claire, Tija Tippett (Western Washington 

University) 

P1-69 Academic and Social Integration Among Upper Division Physics Students  

 

Eric Brewe (Florida International University), Justyna P. Zwolak, Remy Dou, Eric Williams (Florida 

International University) 

P1-45 Learning from Mistakes in Upper-Level Quantum Mechanics 

 

Benjamin Brown (University of Pittsburgh), Chandralekha Singh (University of Pittsburgh), Andrew 

Mason (University of Central Arkansas) 

P2-39 Exploring Student Difficulties With Observation Location 

 

Jaime Bryant (DePaul University), Rita Dawod, Susan Fischer, Mary Bridget Kustusch (DePaul 

University) 

P2-54 Algebra-Based Students & Vector Representations: Arrow vs. ijk 

 
John B. Buncher (North Dakota State University) 

P2-21 Computation across the curriculum: What skills are needed?  

 
Marcos (Danny) Caballero (Michigan State University) 

P2-71 Students’ engagement in modes of collaboration while solving problems in groups  

 

Marcos D. Caballero (Michigan State University), Alanna Pawlak, Paul Irving (Michigan State 

University) 

P1-4 
High School Students’ Group Interaction with the Electric Field Hockey Simulation and Their 

Understandings of the Electric Field 

 
Ying Cao (Tufts University), Bárbara M. Brizuela (Tufts University) 
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PERC 2015: Contributed Posters 
 

P1-5 Responsive teaching in an Upper-division classroom 

 
Deepa Chari (Kansas State University), Eleanor Sayre (Kansas State University) 

P2-31 How Grader Assessment Feedback Affects Student Self-Regulation 

 
Annie Chase (San Jose State University), Cassandra Paul (San Jose State University) 

P1-40 Evidence of Short Term Learning from "Drag and Drop" Deliberate Practice Activities  

 

Zhongzhou Chen (MIT), Christopher Chudzicki (MIT), Qian Zhou (Qinghua University), Dave Pritchard, 

(MIT) 

P2-20 Physics Content Understanding in the PET Inquiry Learning Cycle  

 

Mary Beth Cheversia (Poudre School District and University of Colorado Boulder), Emily Knapp, Jared 

Sommervold (St. Vrain School District and University of Colorado Boulder) 

P1-92 Validating the pre/post-test in a MOOC environment 

 

Christopher Chudzicki (Massachusetts Institute of Technology), Zhongzhou Chen (Massachusetts 

Institute of Technology ), Qian Zhou (Qinghua University, Beijing ), Giora Alexandron, David E. 

Pritchard (Massachusetts Institute of Technology) 

P1-80 Embedding Physical Meaning in Mathematical Formalism 

 

Chasya Eli Church (Rochester Institute of Technology), Scott V. Franklin (Rochester Institute of 

Technology) 

P2-68 "It's okay to be wrong": Identity development in the TXST LA program  

 
Eleanor W. Close (Texas State University), Jessica Conn, Hunter G. Close (Texas State University) 

P2-84 Engaging in Self-Study to Support Collaboration between Two-Year Colleges and Universities 

 

Geraldine L. Cochran (Rochester Institute of Technology), Andrea G. Van Duzor (Chicago State 

University ), Mel S. Sabella (Chicago State University) 

P2-80 Thinking in Physics - the book and the website 

 
Vincent Coletta (Loyola Marymount University) 

P2-98 Influence of Homework Problems on Exam Scores 

 
Kristi Concannon (King's College) 

P2-41 The use of epistemic distancing to create a safe space to sensemake in physics tutorials  

 
Luke D. Conlin (Stanford University), Rachel E. Scherr (Seattle Pacific University) 

P2-2 Department Action Teams: Empowering Faculty to Make Sustainable Change  

 

Joel Corbo (University of Colorado Boulder), Daniel Reinholz , Noah Finkelstein , Melissa Dancy 

(University of Colorado) 

P1-91 The Educational Impact of Smartphone Implementation in Introductory Mechanics Laboratories 

 

Colleen Countryman (North Carolina State University), William R. Sams (North Carolina State 

University) 

P2-100 K-12 teacher understanding of energy conservation: Conceptual metaphor, dissipation, and degradation 

 
Abigail Daane (Seattle Pacific University), Stamatis Vokos, Rachel E. Scherr (Seattle Pacific University) 

P1-107 Promoting Sustained Radical Reforms: Enablers, Barriers and impacts of classroom design  

 

Melissa Dancy (University of Colorado), Katie Foote (North Carolina State University), Alexis Knaub 

(Western Michigan University), Charles Henderson(Western Michigan University), Robert Beichner 

(North Carolina State University) 
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PERC 2015: Contributed Posters 
 

P1-36 Exploring Student Ideas About Metacognition 

 

Rita Dawod (DePaul University), Rita Dawod (DePaul University ), Charles Bertram (University of 

Central Arkansas ), Scott V. Franklin (Rochester Institute of Technology ), Noah-Kee J. Marks (University 

of Pittsburgh ), Corey Ptak (Rochester Institute of Technology), Martha Rangel, Eleanor C. Sayre (Kansas 

State University), Mary Bridget Kustusch (DePaul University) 

P2-37 Physics Laboratory Performance Assessment at UNC-CH  

 
Duane Deardorff (The University of North Carolina at Chapel Hill) 

P2-10 Easy steps to transform traditional lab experiments into ISLE labs  

 
Dedra Demaree (Georgetown University) 

P1-51 Self-Efficacy and Belonging in Introductory STEM Majors  

 
Seth DeVore (West Virginia University), Rachel Henderson, Dr. John Stewart (West Virginia University) 

P2-3 Using Eye Tracking Technology to Study Motion Graphs  

 

Jennifer Docktor (University of Wisconsin - La Crosse), Jose Mestre (University of Illinois at Urbana-

Champaign ), Elizabeth Gire (University of Memphis ), N. Sanjay Rebello (Kansas State University) 

P2-89 
Reforming calculus-based introductory physics labs at Georgia State University and its effect on students' 

learning 

 

D.G. Sumith Doluweera (Georgia State University), Brian Thoms, Joshua Von Korff (Georgia State 

University) 

P2-90 Agency Belief and Physics Identity: Sustainability In Physics Education 

 

John Christopher Doscher (Florida International University), Zahra Hazari, Geoff Potvin (Florida 

International University ), Leidy Klotz (Clemson University) 

P1-9 Social Cognitive Responses to Network Stimuli in an Interactive Introductory Physics Classroom  

 
Remy Dou (Florida International University), Eric Brewe (Florida International University) 

P2-81 Students' explanations of the Dirac delta function during group problem-solving  

 
Leanne Doughty (Michigan State University), Marcos D.Caballero (Michigan State University) 

P1-71 Physics Content and Language Use in Student Lab Report Videos  

 

Scott Douglas (Georgia Institute of Technology), John Aiken, Shih-Yin Lin, Ed Greco, Emily Alicea-

Muñoz, Michael Schatz (Georgia Institute of Technology) 

P2-52 Troubleshooting in an Electronics Course and the Experimental Modeling Framework  

 

Dimitri R. Dounas-Frazer (University of Colorado Boulder), Kevin L. Van De Bogart , MacKenzie R. 

Stetzer (University of Maine ), Heather J. Lewandowski (University of Colorado Boulder) 

P2-94 
In search of distinct graduate admission strategies in physics: An exploratory study using topological data 

analysis 

 
Jacqueline Doyle (Florida International University), Geoff Potvin (Florida International University) 

P1-55 “Classical-ish”: Negotiating the Boundary between Classical and Quantum Particles  

 

Benjamin W. Dreyfus (University of Maryland, College Park), Erin Ronayne Sohr, Ayush Gupta, 

Andrew Elby (University of Maryland, College Park) 

P2-99 Student Responses to Electric Field Problems: Understanding and Problem-Solving Strategies 

 
Archana Dubey (University of Central Florida), Jarrad Pond (University of Central Florida ) 

P2-34 Using Project-based Learning to Teach an Integrated Calculus-Physics Course 

 
Gintaras Duda (Creighton University) 
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PERC 2015: Contributed Posters 
 

P2-38 Revealing Effects of Changes in Middle School Science Teachers' Practices 

 

Jennifer Esswein (Education Northwest), Gordon J. Aubrecht, II (Ohio State University), Jessica Creamer 

(Education Specialist, Upper Sandusky, OH), Bill Schmitt, (Science Center of Inquiry) 

P2-32 
Beliefs, Intentions, Actions, and Reflections (BIAR): A New Way to Look at the Interactions of Students 

and Teachers 

 
Elias Euler (University of Colorado Boulder) 

P2-50 Investigating the Effects of Mastery-Style Homework in Introductory Mechanics 

 

William R. Evans (University of Illinois at Urbana-Champaign), Mats Selen (University of Illinois at 

Urbana-Champaign) 

P2-63 Judgments of physics problem difficulty by experts and novices 

 

Witat Fakcharoenphol (Kasetsart University, Kamphaeng Saen Campus, Thailand), Jason W. Morphew, 

Jose P. Mestre (University of Illinois at Urbana-Champaign) 

P1-26 Using RTOP to determine changes in teacher practice  

 

Kathleen Falconer (Buffalo State College), Gordon Aubrecht (Ohio State University), Jennifer L. 

Esswein (Education Northwest),Bill Schmitt (Science Center of Inquiry), Jessica Creamer (Education 

Specialist, Upper Sandusky, OH) 

P2-13 Incorporation of social-context into the classroom to support transfer 

 
Claudia Fracchiolla (Kansas State University), N. Sanjay Rebello (Kansas State University) 

P1-99 Sharing Science Learning with Family and Friends  

 
Brian W. Frank (Middle Tennessee State University) 

P2-48 Compartmentalization of Energy Concepts—Definitions, Word Associations, and Ontologies 

 

Timothy French (DePaul University), Annette Sanchez, Lauren Macur Brousil, Emma Balison (DePaul 

University) 

P2-43 How personal effort, student interactions, and instructor support relate to physics student satisfaction  

 
Jon D. H. Gaffney (Eastern Kentucky University), Amy L. Housley Gaffney (University of Kentucky) 

P2-30 Unpacking the source of student interest in an IPLS course  

 

Benjamin D. Geller (Swarthmore College), Chandra Turpen (University of Maryland), K. Ann Renninger, 

Panchompoo Wisittanawat, Catherine H. Crouch (Swarthmore College) 

P1-57 Analyzing Student Evaluations for Gender Biases  

 
Ja'Nai Gray (Rochester Institute of Technology), Scott Franklin (Rochester Institute of Technology) 

P2-27 Students' hand gestures in a virtual hands-on environment 

 

Bor Gregorcic (University of Ljubljana, Uppsala University), Eugenia Etkina (Rutgers Unversity ), 

Gorazd Planinsic (University of Ljubljana) 

P1-48 Online Mastery-style Homework in a Large Introductory Physics Class  

 
Brianne Gutmann (University of Illinois at Urbana-Champaign) 

P1-63 Access to undergraduate research opportunities at a large research university 

 

Stephanie Hanshaw (University of Colorado Boulder), Dimitri Dounas-Frazer, Heather Lewandowski 

(University of Colorado Boulder) 

P1-13 Peer assessment using adaptive comparative judgement  

 

Judy Hardy (The University of Edinburgh), Ross Galloway, Karon McBride, Robyn Donnelly, Susan 

Rhind, Kirsty Hughes (The University of Edinburgh) 
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PERC 2015: Contributed Posters 
 

P2-105 Physics on the Rise, but not for Everyone: A multi-year study at Purdue University 

 

Megan Harwell (Purdue University), Scott Franklin (Rochester Institute of Technology), Rebecca Lindell, 

Andy Hirsch (Purdue University) 

P1-104 Identity, Topical Interest, and Classroom Dynamics as Sources of Transformative Experiences 

 
Kendra Hayes (Middle Tennessee State University), Brian Frank (Middle Tennessee State University) 

P2-62 Integrating electrostatics concepts in conductors through a mechanistic model 

 
Ryan Hazelton (University of Washington), Peter Shaffer, Paula Heron (University of Washington) 

P2-92 How an educator characterizes scientific domains and disciplinary relationships: A case of change  

 

Deborah Hemingway (University of Maryland, College Park), Chandra Turpen (University of Maryland, 

College Park ), Vashti Sawtelle (Michigan State University) 

P2-60 
Preliminary results for the development and deployment of Conceptual Learning Assessment Instruments 

Methodology Survey (CLAIMS)  

 

Julia Henning (Carthage College, Purdue University), Anna Douglas, Rebecca Lindell (Purdue 

University) 

P1-20 Teaching practices of graduate teaching assistants  

 
Eric Hickok (San José State University), Cassandra Paul (San Jose State University) 

P2-64 Two Examples Of "Board" Meetings Overcoming Sharp Initial Disagreements  

 
Brant Hinrichs (Drury University) 

  

 
 

P1-35 Understanding dynamic ontologies using conceptual blending: A case of student reasoning about photons  

 

Jessica Hoy (University of Colorado Boulder), Kathleen Hinko, Noah Finkelstein (University of Colorado 

Boulder) 

P1-95 Framework for Students' Epistemological Development in Physics Experiments  

 
Dehui Hu (Rochester Institute of Technology), Benjamin M. Zwickl (Rochester Institute of Technology) 

P1-90 A multidimensional analysis method for think-aloud protocol data 

 
Paul Hutchison (Grinnell College), Isabel Monaghan, Rachael Morgan (Grinnell College) 

P2-55 Pathways to STEM: Understanding Identity of Adult Physicists through Narrative Analysis  

 

Simone Hyater-Adams (University of Colorado Boulder), Kathleen Hinko, Noah Finkelstein (University 

of Colorado Boulder) 

P2-44 Students' Approaches to Solving Synthesis Problems  

 

Bashirah Ibrahim (The Ohio State University), Daniel White, Ryan Badeau, Lin Ding, Andrew Heckler 

(The Ohio State University) 

P1-77 Troubleshooting Formative Feedback in P3 (Projects and Practices in Physics)  

 

Paul Irving (Michigan State University), Vashti Sawtelle, Marcos "Danny" Caballero (Michigan State 

University) 

P1-58 An Overview of Assessment and Student Learning Outcomes across physics departments  

 
Dyan L. Jones (Mercyhurst University) 

P2-104 Developing a Reliable Coding Scheme for Identifying Resources  

 
Darrick C Jones (Rutgers University), Johanna Doukakis, Eugenia Etkina (Rutgers University) 

P1-31 An Intelligent Tutoring System that Supports Conceptual Understanding of Physics  

 
Sandra Katz (University of Pittsburgh), Pamela Jordan, Patricia Albacete (University of Pittsburgh) 
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PERC 2015: Contributed Posters 
 

P2-16 Research and Development of PhET Simulation-based Physics Tutorials 

 

Vijay Kaul (University of Maryland, College Park), Ayush Gupta, Andrew Elby (University of Maryland, 

College Park) 

P1-12 The benefits of giving feedback: investigating student exchanges over PeerWise  

 
Alison E. Kay (The University of Edinburgh), Judy Hardy (The University of Edinburgh) 

P1-38 Research as a Component of Physics Teacher Preparation and Professional Development  

 

John Keller (Cal Poly SLO), Brian Paavo (Cal Poly SLO ), Paul Tuss (CSU Center for Teacher Quality), 

Bruce Johnson and Sanlyn Buxner (University of Arizona) 

P2-4 Online Concept Inventories: How easy is it to cheat?  

 
Patrick Kelley (Purdue University), Andrew Hirsch, Rebecca Lindell (Purdue University) 

P2-15 Characteristics of Well-Propagated Instructional Strategies and Materials Across STEM Disciplines  

 

Raina Khatri (Western Michigan University), Charles Henderson (Western Michigan University ), Renee 

Cole (University of Iowa ), Debra Friedrichsen (Oregon State University ), Jeffrey Froyd (Texas A&M 

University), Courtney Stanford (University of Iowa) 

P1-78 From Idea to Implementation: The Initiation of A Studio-style Reform in Departments 

 

Alexis Knaub (Western Michigan University), Kathleen Foote (North Carolina State University), Charles 

Henderson (Western Michigan University), Melissa Dancy (University of Colorado), Robert Beichner 

(North Carolina State University) 

P2-67 Investigating student understanding of quantum entanglement 

 
Antje Kohnle (University of St Andrews), Erica Deffebach (University of St Andrews) 

P1-61 Evaluation of a Summer Bridge Program: Relevant Outcomes and Context  

 

Hagit Kornreich-Leshem (Florida International University), Eric Brewe, Zahra Hazari, Masoud Milani, 

Geoff Potvin, Laird Kramer (Florida International University) 

P2-40 Formative Assessment Efficacy As Affected By Teachers' Conflicting Conceptual Models  

 

Gregory D. Kranich (University of Maine), Michael C. Wittmann , Carolina Alvarado (University of 

Maine) 

P2-65 Investigating Critical Thinking in First Year Physics Undergraduate Laboratories: A 3-Year Study 

 

Dhaneesh Kumar (University of British Columbia), N. G. Holmes (Stanford University ), D. A. Bonn 

(University of British Columbia) 

P1-7 How prompting force diagrams can push students away from problem-solving expertise 

 
Eric Kuo (Stanford University), Nicole R. Hallinen, Luke D. Conlin (Stanford University) 

P2-53 Integrating Scientific Practices into Introductory Physics Assessments  

 

James T. Laverty (Michigan State University), Stuart H. Tessmer, Sonia M. Underwood, Rebecca L. 

Matz, Sarah E. Jardeleza, Cori L. Fata-Hartley, Lynmarie A. Posey, Joseph S. Krajcik, Diane Ebert-May, 

Melanie M. Cooper, and Marcos D. Caballero (Michigan State University) 

P1-42 Student Metacognitive Knowledge about Salient Distracting Features in Physics Problems  

 
Thanh K. Le (University of Maine), MacKenzie R. Stetzer, Jonathan T. Shemwell (University of Maine) 

P1-43 Benefits of incorporating PhET simulations into pre-class assignments  

 
Joss Le (University of British Columbia) 

P1-68 The initial results from the E-CLASS survey at Fudan University 

 
Yongkang Le (Fudan University), Hao Wen, Yuan Gao, Cuiqin Bai, Yan Cen, Xi Yu (Fudan University) 
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PERC 2015: Contributed Posters 
 

P2-66 Responding to Positionings within Small Groups in Introductory Mechanics  

 

May Lee (Michigan State University), Alicia Alonzo, Marcos D. Caballero, Vashti Sawtelle,David 

Stroupe (Michigan State University) 

P1-93 Restructuring of a Junior-Level Electronics Course to Support Engagement in Scientific Practices  

 
Heather Lewandowski (University of Colorado), Noah Finkelstein (University of Colorado Boulder) 

P2-49 Exploratory study of physics major persistence 

 

Sissi L. Li (California State University Fullerton), Michael E. Loverude (California State University 

Fullerton) 

P1-100 Teacher behavior drops with increasing expertise in pre-service science teachers 

 

Christine Lindstrøm (Oslo and Akershus University College), Vinesh Rajpaul, Megan Engel (University 

of Oxford) 

P2-78 Developing Definitional Ownership: Theory, Methods, and a Promising Activity  

 
Angela Little (Michigan State University) 

P1-103 Determining strategies that predict physics identity: Emphasizing recognition and interest 

 

Robynne M. Lock (Texas A&M University - Commerce), Jordan Castillo (Texas A&M University - 

Commerce ), Zahra Hazari (Florida International University ), Geoff Potvin (Florida International 

University) 

P1-97 
Results from applying two different learning sequences with technology for the learning of electric circuits 

concepts: Simulations versus Intelligent  

 

Diana López-Tavares (Instituto Politécnico Nacional - CICATA Legaria), Daniel Sánchez-Guzmán, 

Ricardo García-Salcedo (Instituto Politécnico Nacional - CICATA Legaria) 

P2-47 Quantitative reasoning skills in math methods 

 
Michael Loverude (California State University Fullerton) 

P2-51 Lab-centered Professional Development for Science Teachers  

 
Morten Lundsgaard (University of Illinois at Urbana-Champaign) 

P2-56 Attitudes of Life Science Majors Towards Computational Modeling in Introductory Physics  

 

Brandon R. Lunk (Elon University), Anna E. Lewis (Elon University ), Robert Beichner (North Carolina 

State University) 

P2-17 Examining the Effect of Technology Usage on Multiple Physics Outcomes  

 

Jonathan Mahadeo (Florida International University), Zahra Hazari, Geoff Potvin (Florida International 

University) 

P1-14 Disciplinary Differences in Physics Teacher Evaluation Bias: The Case of Engineering Students  

 

Mehrnegar Malek (Florida International University), Geoff Potvin , Zahra Hazari (Florida International 

University) 

P1-53 Investigating transfer of knowledge in an upper-level quantum mechanics course  

 
Alexandru Maries (University of Pittsburgh), Ryan Sayer, Chandralekha Singh (University of Pittsburg) 

P1-21 Lab experiences and students' ideas about the nature of science  

 

Noah-Kee Marks (Kansas State University), Martha Rangel (Kansas State University ), Charles Bertram 

(Rochester Institute of Technology), Rita Dawod (DePaul University ), Scott V. Franklin (Rochester 

Institute of Technology), Mary Bridget Kustusch (DePaul University ), Corey Ptak (Rochester Institute of 

Technology), Eleanor C. Sayre (Kansas State University) 

P1-46 Investigating Student Difficulties with Position and Momentum Representations in Quantum Mechanics  

 
Emily Marshman (University of Pittsburgh), Chandralekha Singh (University of Pittsburgh) 
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PERC 2015: Contributed Posters 
 

P2-72 An Introduction to "Investigations in Physics"  

 
Jeff Marx (McDaniel College) 

P1-47 Potential Relationship of Chosen Major to Problem Solving Attitudes and Course Performance  

 
Andrew J. Mason (University of Central Arkansas) 

P1-87 Student Engagement: Looking Beyond the Classroom 

 

Brian May (Purdue University), Rebecca Lindell, Andrew Hirsch (Purdue University) Andrew Gavrin 

(Indiana University-Purdue University Indianapolis) 

P1-79 Research-based Concept Inventories on PhysPort's Data Explorer  

 

Devon McCarthy (Kansas State University), Adrian Madsen, Sarah B McKagan (American Association 

of Physics Teachers ), Eleanor C Sayre (Kansas State University) 

P2-46 Network Analysis of Students' Representation Use in Problem Solving  

 
Daryl McPadden (Florida International University), Eric Brewe (Florida International University) 

P1-22 Learning from Different Styles of Animated Solutions Among Low-Performing Students 

 

Jose P. Mestre (University of Illinois at Urbana-Champaign), Jason W. Morphew, Gary Gladding 

(University of Illinois at Urbana-Champaign) 

P2-76 How does applying the Gestalt grouping principle on the display design influence students' reasoning? 

 

Bahar Modir (Kansas State University), Elise Agra, John Hutson, Lester C. Loschky, N. Sanjay Rebello 

(Kansas State University) 

P2-18 Identifying and Analyzing Actions of Effective Group Work 

 

Bridget Molloy (La Academia at the Denver Inner City Parish), Emily Quinty (University of Colorado 

Boulder ), Rebecca Stober (Mapleton Expeditionary School of the Arts), Jennifer Keil (Thornton High 

School), Nicholas Hooker (University of Colorado Boulder) 

P2-59 Successes and Challenges in Scaling-up NEXUS/Physics Labs: UMD and Beyond  

 

Kimberly Moore (University of Maryland), Wolfgang Losert (University of Maryland ), Nawal 

Benmouna (Montgomery College) , James Vesenka (University of New England ), Simon Capstic 

( Florida State University) 

P1-81 Attention differences in viewing physics diagrams among experts and novices  

 

Jason W. Morphew (University of Illinois at Urbana-Champaign), Jose P. Mestre, Brian H. Ross 

(University of Illinois at Urbana-Champaign) 

P2-107 Attitudinal assessment of students in an introductory physics course for pre-health majors 

 

Elliot Mylott (Portland State University), Warren Christensen (North Dakota State University ), Ralf 

Widenhorn (Portland State University) 

P1-56 Connection Between Participation in Interactive Learning Environment and Learning through Teamwork  

 

Binod Nainabasti (Florida International University), David T. Brookes, Yuehai Yang, Yuhfen Lin 

(Florida International University) 

P1-18 Pilot Testing Dichotomous Classification Questions for Assessing Student Reasoning 

 

Christopher M. Nakamura (Saginaw Valley State University), Meagan A. Donnelly, Rajani 

Muraleedharan, Marie Cassar (Saginaw Valley State University) 

P1-1 Student conflation of light energy and kinetic energy 

 
Lorne Nash (DePaul University), Mary Bridget Kustusch, Susan M Fischer (DePaul University) 

P1-83 A Case Study: Novel Group Interactions through Introductory Computational Physics  

 

Michael J. Obsniuk (Michigan State University), Paul W. Irving, Marcos "Danny" Caballero (Michigan 

State University) 
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PERC 2015: Contributed Posters 
 

P1-23 Researching ourselves: How are we helping faculty to change their teaching?  

 

Alice Olmstead (University of Maryland), Chandra Turpen (University of Maryland), Edward Prather 

(University of Arizona/Steward Observatory) 

P2-35 Investigating Student Understanding of Perturbation Theory and the Inner Products of Functions  

 

Gina Passante (University of Washington), Tong Wan, Paul J. Emigh, Peter S. Shaffer (University of 

Washington) 

P1-37 What can Normalized Gain reveal about Individual Learning on the FCI?  

 
Andrew Pawl (University of Wisconsin-Platteville) 

P1-105 Identification of a shared answer-making epistemic game in a group context 

 

Alanna Pawlak (Michigan State University), Paul W. Irving, Marcos D. Caballero (Michigan State 

University) 

P1-89 How self-assessment rubrics affect the quality of students' work in open-ended project labs? 

 

Gorazd Planinsic (University of Ljubljana), Nejc Davidovic, Klemen Kelih, Sergej Faletic (University of 

Ljubljana, Slovenia), Eugenia Etkina (Rutgers University) 

P2-91 Student Difficulties with Separation of Variables  

 
Steven Pollock (University of Colorado Boulder), Bethany Wilcox (University of Colorado Boulder) 

P2-93 Exploring Student Learning Profiles in Algebra-based Studio Physics: A Person-Centered Approach 

 
Jarrad W.T. Pond (University of Central Florida), Jacquelyn J. Chini (University of Central Florida) 

P2-36 Guided Group Work in Graduate Quantum Mechanics  

 
Christopher D. Porter (The Ohio State University), Andrew Heckler (The Ohio State University) 

P2-42 Connecting Self-Efficacy and Nature of Science Shifts in Undergraduate Research Experiences  

 
Gina M. Quan (University of Maryland, College Park) 

P2-101 Probing students' understanding of size and distances in the universe  

 

Vinesh Rajpaul (University of Oxford), Christine Lindstrøm (Oslo and Akershus University College) , 

Megan Clare Engel (University of Oxford) 

P1-66 Exploring the effectiveness of problem diagrams using AB experiments in a MOOC.  

 

Saif Rayyan (MIT), Zhongzhou Chen (MIT), Neset Demirci (Balikesir Universitesi), Youn-Jeng Choi 

(MIT), Qian Zhou (Qinghua University), Dave Pritchard (MIT) 

P2-77 Aiding Student Understanding of Applying Kirchoff’s Voltage Law 

 

Trevor Register (River Ridge High School, Kennesaw State University), David Rosengrant (Kennesaw 

State University) 

P2-9 Valuing Student Ideas Morally, Instrumentally, and Intellectually 

 
Amy D. Robertson (Seattle Pacific University) 

P2-61 Using the Student Participation Observation Tool (SPOT) for faculty professional development  

 

Katrina Roseler (San Jose State University), Cassandra Paul (San Jose State University ), Cara Harwood 

Theisen (University of California, Davis) 

P2-95 Student Ability Reasoning with Multiple Variables for Graphed/Non-Graphed Information 

 
Rebecca Rosenblatt (Illinois State University), James Perrone (Illinois State University) 

P2-69 Students' Pre-Conceived Views on Free-Body Diagrams  

 

David Rosengrant (Kennesaw State University), Philip Money (River Ridge High School, Woodstock, 

GA) 
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PERC 2015: Contributed Posters 
 

P2-45 Faculty Online Learning Communities to support physics teaching 

 

Andy Rundquist (Hamline University), Melissa Dancy, Joel Corbo (University of Colorado Boulder), 

Charles Henderson (Western Michigan University), Sandy Martinuk (Theresa Neil Strategy + Design) 

P1-96 Student Difficulities with Boundary Conditions 

 

Qing Ryan (University of Colorado Boulder), Steven Pollock, Bethany Wilcox (University of Colorado 

Boulder) 

P2-85 Building community and identity in science: The CSU S-STEM Program 

 

Mel S. Sabella (Chicago State University), Kristy Mardis, Nicolette Sanders, Natalie Perez, Christopher 

Mallares, Andrew Huff, Anthony Coleman, and Chietha Moore (Chicago State University) 

P1-76 
Spin First instructional approach to teaching quantum mechanics in sophomore level Modern Physics 

courses 

 
Homeyra Sadaghiani (Cal Poly Pomona), James Munteanu (Cal Poly Pomona) 

P1-98 
How to Structure an Unstructured Activity: Comparing PhET Simulation and Contrasting Cases to 

Generate Physics Principle 

 
Shima Salehi (Stanford), Marty Keil, Eric Kuo, Carl Wieman (Stanford University) 

P1-52 
Using Educational Data Mining for finding learning-patterns of basic electric circuits concepts in high 

school students 

 

Daniel Sánchez-Guzmán (Instituto Politécnico Nacional), Ricardo García-Salcedo, Alejandro 

Ballesteros-Román (Instituto Politécnico Nacional) 

P1-108 Understanding the Nuance in Disciplinary Self-Efficacy 

 
Vashti Sawtelle (Michigan State University), Angela Little (Michigan State University) 

P1-15 Developing a Quantum Interactive Learning Tutorial (QuILT) on the Double-slit Experiment  

 
Ryan Sayer (University of Pittsburgh) 

P2-8 Physics teacher production: Patterns of institutional engagement and faculty theories  

 

Rachel E. Scherr (Seattle Pacific University), Renee Michelle Goertzen, Monica Plisch (American 

Physical Society) 

P2-19 Clinical study of student learning using mastery style versus immediate feedback online activities  

 

Noah Schroeder (University of Illinois Urbana-Champaign), Gary Gladding, Brianne Gutmann, Tim 

Stelzer (University of Illinois Urbana-Champaign) 

P2-79 Physics students' epistemological framings for a conceptual test question 

 
Tyler D. Scott (Northwestern College), Catherine McGough, Lisa Benson (Clemson University) 

P2-86 Investigating Minute Papers to Assess Scientific Reasoning 

 
Carolyn Sealfon (Princeton University) 

P1-17 Document features in research-based physics tutorials 

 
Ozden Sengul (Georgia State University), Laura Kiepura, Josh Von Korff (Georgia State University) 

P1-29 Student Difficulties with the Probability of Measuring Position and Energy in Quantum Mechanics  

 
Chandralekha Singh (University of Pittsburgh), Emily Marshman (University of Pittsburg) 

P1-74 Correlating Students' Use of Multiple Representations on the FMCE 

 
Trevor I. Smith (Rowan University) 

P2-58 Student Difficulties with Complex Numbers  

 

Emily M. Smith (Oregon State University), Justyna P. Zwolak (Florida International University), Corinne 

A. Manogue (Oregon State University) 
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PERC 2015: Contributed Posters 
 

P2-103 "Because math": Epistemological stance or defusing social tension in quantum mechanics?  

 

Erin Ronayne Sohr (University of Maryland, College Park), Benjamin W. Dreyfus, Ayush Gupta, and 

Andrew Elby (University of Maryland, College Park) 

P1-82 Why Do Students Distinguish Between Total Force and Net Force? 

 
Philip Southey (University of Cape Town), Saalih Allie (University of Cape Town) 

P2-25 Paired teaching for faculty professional development in teaching  

 
Jared Stang (University of British Columbia), Linda Strubbe (University of British Columbia) 

P2-12 Students' Ownership of Projects in the Upper-Division Physics Instructional Labratory Setting 

 

Jacob Stanley (University of Colorado Boulder), Dimitri R. Dounas-Frazer (University of Colorado 

Boulder), Laura Kiepura (Georgia State University), Heather J. Lewandowski (University of Colorado 

Boulder) 

P2-74 Whole class vs small group settings for using animations in physics: Case study comparisons  

 

A. Lynn Stephens (University of Massachusetts, Amherst), John J. Clement (University of Massachusetts, 

Amherst) 

P1-73 
Teaching Moves that can Support or Stifle Students Acting as Epistemic Agents in Whole-group 

Discussions 

 
Enrique Suarez (University of Colorado Boulder), Valerie Otero (University of Colorado Boulder) 

P1-75 Comparing Inquiry Labs to Traditional Labs in Introductory College Physics  

 
Erin C. Sutherland (Kennesaw State University), David Rosengrant (Kennesaw State University) 

P2-28 High School Physics Labs - How Much Time?  

 
A E Tabor-Morris (Georgian Court University) 

P1-41 Upper-Division quantum students' development in physics and mathematics  

 

John D Thompson (Kansas State University), Ulas Ustun, Carlos Trallero, Dean Zollman, Eleanor C 

Sayre (Kansas State University) 

P1-60 Changes in student reasoning about graphical work during introductory physics  

 
John R. Thompson (University of Maine), Jessica W. Clark (University of Maine) 

P1-59 Probing Students' Experiences in the First Year Physics Laboratory  

 
Munene Maria Tlowana (University of Cape Town), Saalih Allie (University of Cape Town) 

P1-67 Obstacles for Learning Introductory College Physics: Identifying the Factors from a Case Study  

 
Sachiko Tosa (Niigata University) 

P1-2 Community structure in introductory physics course networks  

 
Adrienne L. Traxler (Wright State University) 

P1-85 Student Ideas around Vector Decomposition in the Upper-Division 

 

Anna M Turnbull (Michigan State University), Leanne Doughty, Vashti Sawtelle, and Marcos D. 

Caballero (Michigan State University) 

P2-73 Assessing the Maryland Learning Assistant Program 

 

Chandra Turpen (University of Maryland, College Park), Erin Sohr (University of Maryland, College 

Park) 

P1-86 Physics Students in the Elementary School Classroom 

 
Adria C. Updike (Roger Williams University), Jennifer Pearce (Roger Williams University) 

P1-19 The Role of Metacognition in Troubleshooting: An Example From Electronics  

 

Kevin L. Van De Bogart (University of Maine), Dimitri R. Dounas-Frazer, Heather J. Lewandowski 

(University of Colorado Boulder) , MacKenzie R. Stetzer (University of Maine) 
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PERC 2015: Contributed Posters 
 

P1-6 National Learning Outcome Study of Learning Assistant (LA) Supported Classes  

 

Ben Van Dusen (University of Colorado Boulder), Valerie Otero, Laurie Langdon (University of 

Colorado Boulder) 

P2-11 The Development of Purdue's Computerized Interactive Teaching Assistant (CITA)  

 

Cyrus Vandrevala (Purdue University), Hisao Nakanishi, Laura Pyrak-Nolte, Andrew Hirsch, Lynn 

Bryan, Rebecca Lindell (Purdue University) 

P1-11 The Use of Representations in Evidence-Based and Non-Evidence-Based Physics Activities 

 

Joshua Von Korff (Georgia State University), Chang Zhan (Georgia State University ), Birjoo Vaishnav 

(University of West Georgia ), Jacquelyn Chini (University of Central Florida ), Ashley Warneke, Ozden 

Sengul (Georgia State University) 

P2-57 College Student Conceptions about Buoyancy and Density 

 

DJ Wagner (Grove City College), Ashley Miller, Shannon Armstrong, Randon Hoselton (Grove City 

College) 

P2-106 
Episodic Memories and the Longitudinal Impact of High School Physics on Female Students' Physics 

Identity 

 
Jianlan Wang (Florida International University), Dr. Zahra Hazari (Florida International University) 

P2-14 Developing Student Epistemic Awareness via Bayesian Learning Activities  

 
Aaron R. Warren (Purdue University North Central) 

P1-106 Using physics lectures to change students' belief about road safety  

 
Jeremias Weber (Universität zu Köln) 

P1-16 Students' writing reflects varied solution schemata on traditional Mechanics Problems  

 

Nandana Weliweriya (Kansas State University), Deepa Chari, Dean Zollman, Eleanor Sayre (Kansas 

State University) 

P1-8 
Student Issues in Measuring with Wavelengths (and some thoughts about developing "check-your-answer" 

skills) 

 
Gary White (The George Washington University) 

P2-7 A Kinesthetic Circulatory System Model for Teaching Fluid Dynamics 

 

Elizabeth Whitmore (University of New England), James Vesenk, David Grimm, Bradley Moser 

(University of New England ), Rebecca Lindell (Purdue University) 

P2-70 Development of a suite of physics activities for pre-health and life science students 

 

Ralf Widenhorn (Portland State Univerisity), Elliot Mylott, Justin C. Dunlap, Ellynne Kutschera, Grace 

Van Ness (Portland State University) 

P2-29 
Measuring the impact of content and scientific practice goals in introductory physics labs on the learning 

of introductory physics 

 
Carl Wieman (Stanford University), N.G. Holmes (Stanford University) 

P1-34 Correlating students' beliefs about experimental physics with laboratory course success  

 

Bethany Wilcox (University of Colorado Boulder), Dimitri Dounas-Frazer, Heather Lewandowski 

(University of Colorado Boulder) 

P2-22 Observing Teaching Assistant Differences in Tutorials and Inquiry-Based Labs 

 

Matthew Wilcox (University of Central Florida), Caleb C. Kasprzyk, Jarrad W.T. Pond, and Jacquelyn J. 

Chini (University of Central Florida) 

P1-24 Traditional physics versus IPLS: Comparing student interest and engagement  

 

Tessa E. Williams (Swarthmore College), Benjamin D. Geller (Swarthmore College ), Chandra Turpen 

(University of Maryland College Park ), K. Ann Renninger, Catherine H. Crouch (Swarthmore College) 
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PERC 2015: Contributed Posters 
 

P1-65 Understanding Centrality: Investigating Student Outcomes within a Classroom Social Network  

 

Eric Williams (Florida International University), Eric Brewe, Justyna Zwolak, Remy Dou (Florida 

International University) 

P2-83 Contradictory teacher goals for the teaching of energy  

 
Michael C. Wittmann (University of Maine), Carolina Alvarado (University of Maine) 

P2-96 
Development of a Survey to Assess Transformative Experience in an Introductory Calculus-Based 

Mechanics Course 

 
Steven Wolf (Texas State University), Dr. David Donnelly (Texas State University ) 

P1-50 Study on Interactive 3D Virtual Ball-Ball Collision Experiments 

 
Di Wu (Dalian University), Peng Xu, Jing Wang, Jun Liu, Decai Bu, Wei Wang, (Dalian University) 

P1-62 How do Multimedia Hints Affect Students' Eye Movements in Conceptual Physics Problems?  

 

Xian Wu (Kansas State University), John Hutson, Lester C. Loschky,N. Sanjay Rebello (Kansas State 

University) 

P2-26 A Study of the Equations Needed for Solving End-of-Chapter Problems in the E&M Chapters 

 
Bin Xiao (North Carolina State University), Robert Beichner (North Carolina State University) 

P2-33 A study of transformative experience and its relation to student performance  

 

Yuehai Yang (California State University, Chico), Chris Kaneshiro, (California State University, Chico ), 

Binod Nainabasti, David T Brookes (Florida International University), Leslie Atkins (California State 

University, Chico) 

P2-97 Making Research a Positive Experiential Learning Experience for Non-Physics Majors 

 

Guofen (Heather) Yu (The University of Findlay), Peter Ronhovde, Landon Bellavia (The University of 

Findlay) 

P2-23 
Learning Difficulties and New Teaching Strategies in Quantum Mechanics: A Synthesize of Current 

Literature 

 
Tugba Yuksel (Purdue University), Lynn Bryan (Purdue University) 

P2-6 Technology and research-based strategies: an experience in Chile 

 

Genaro Zavala (Tecnologico de Monterrey), Mónica Quezada-Espinoza (Tecnologico de Monterrey ), 

Valeria del Campo (Universidad Tecnica Federico Santa Maria) 

P1-33 Measuring the Demand of Instructional Artifacts in a High School Energy Unit  

 
Robert Zisk (Rutgers University), Eugenia Etkina , Drew Gitomer (Rutgers University) 

P1-88 Effects of Visual Cues and Video Solutions on Conceptual Tasks  

 

Tianlong Zu (Kansas State University), Elise Agra, John Hutson, Lester C. Loschky, N. Sanjay Rebello 

(Kansas State University) 

P1-25 Preparing students for physics-intensive careers in optics and photonics 

 

Benjamin Zwickl (Rochester Institute of Technology), Javier Olivera, Kirk Winans, Kelly Martin 

(Rochester Institute of Technology) 

P1-102 
The Impact of Network Embeddedness on Student Persistence in Introductory Modeling Instruction 

Courses 

 
Justyna P Zwolak (Florida International University), Eric Brewe (Florida International University) 
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