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1. If you would like to update your award abstract, copy from the previoustext into
the box, then make any update or changes. Thiswill not change your original NSF
award abstract however.

No changes

2. What ig/areyour primary research question(s)?
Generd research quedtions

a

Can we measure and trace students states of understanding and changesin those
dates during ingtruction for time periods ranging from a single class sesson to
severa weeks of ingruction,

What role does redl-time feedback play in the sate of student conceptua
understanding during an individual class period and/or between two consecutive
class sessons?

Which tools, technologica or procedura, will promote research in ongoing
classes (sometimes cdled action research) among ingtructors withinterestsin
learning more about their sudents states of understanding and in using that
knowledge to improve their teeching?

Can these tools be created s0 that they can be used effectively in classes ranging
from smdl seminarsto large lectures?

How do students transfer knowledge between physics and mathematics?
How do students and ingtructors interact with a new teaching environment that
enables rapid feedback on the level of student understanding and transfer?
Can we better understand how students construct knowledge through doing
homework?

Can we better understand how to use online homework to enhance student

learning?

Components of thislast question are

() How does speed at which students complete homework correlate to
eventud successin the class?

(i)  What features of an assgnment (number of problems, positive/negetive
feedback, amount of feedback) lead students to continue struggling with
difficult concepts until they succeed and what features contribute to
students giving up without success?

(i)  What isthe rdaive importance of student effort vs. initid abilitiesin
determining Student success?

(iv)  What ggnifiersidentify sudents who will succeed with more practice and
what sgnifiers identify students who need intervention to succeed?



3 a) What is/areyour research method(s)?

A primary component of our research is to understand the students' Sate of
understanding. The method of studying the sudents' statesis Modd Analysis. This
Andysis beginswith our knowledge of student learning that is obtained from research
and experience. We know that for any different physical concept students are likely to
apply severd different models. These models may be consistent with the accepted
physicd modd and they may not.

We then sdlect a scenario for which the models can be applied. Each physical modd
or mathematical concept will have severa components to be probed. For example, what
is the relation between motion and mass, force, acceleration or shape of object? With
these components we design a mode- based multiple-choice test, which is vaidated by
research and can be easily implemented in large classes. The key dementsin the crestion
process of this method include the following:

1. Based on previous research and additiona student interviews (if necessary),
common student models are identified and vaidated.

2. Multiple-choice questions that are designed to measure how student models are
developed. The effectiveness of the questionsiis vaidated through research.

3. Thefull responses (including the wrong answers) and the context in which they
were given are andyzed. The results provide explicit information on the students
date of understanding.

Modd Andysisis based on both quditative and quantitative methods. The
quditative research identifies the sudents models that reflect the mgority of different
types of student understandings. Quantitative methods are used to andyze the multiple-
choice indruments. Thus, we use interviews to identify the sudents' actua reasoning
that is common to alarge population and research-based multiple-choice ingruments to
measure the students use of this popular reasoning in learning.

We are dso using data mining techniques on a database of student responses to an online
homework system used regularly in alarge lecture course in trigonometry by about 180
dudents. As we gain confidence in our system, we anticipate extending this system to
additiona classes.

b) Why did you select them and how do they relate to your resear ch questions?

In problem- solving Stuations, students are found to use their modelsin avariety of
ways, some of which can be inconsistent. Previous research on college-leve physics and
mathematics learning has not looked carefully at these inconsstencies or the underlying
reason for them. In our preliminary work we saw many examples of sudents with a
mixed state understanding, when one student gpplies different models to problems that
would seem to require identica modelsto explain. We wished to investigate this
Stuation and Modd Anaysis coupled with the technology of on-line homework, large
class-response systems and data mining provides an gppropriate mechanism.

¢) Did you consciously choose to not use certain resear ch methods?
No



d) Why?
Not applicable

4. What changes have you madein the original research proposal, if any, and why
have you made these changes?

We are planning to expand to include collaborations with a research group in
Germany because of alarge overlap in their work and ours and the opportunity to look at
amilar issuesin two cultures.

5.  What aretheprincipal discoveriesor findingsfrom your research project?
(Please fed freeto identify, where appropriate, expected findings.)

Because we began the project in January, 2001, we have no sgnificant findingsto
report at thistime. We expect within the next few months to have established aresearch
protocol for investigating the context dependence of students' performance on physics
problems. Shortly after that we should have some preliminary findings on that topic.
Likewise, we are preparing to look at the transfer of knowledge from trigonometry to an
algebra-based physics course. Based on preiminary indications we expect to find that
sudents find the transfer relaively easy when they consider trigonometric functions as
related to triangles. However, one may need to consider the trig functions as
mathematica functions the trandfer is somewhat more difficult. We aso have some
preliminary results on student mental models concerning Newton's Third Law. Here, the
mode seems to be different depending on whether the objectsinvolved in acollison are
animate or inanimate. The context of the question thus seemsto bring out a different
modd in the students.

We are continuing to study this context dependence of learning, especidly the effects
of different contextua settings on sudent understanding of physics. We have identified
many cases in several mgjor areas of physics where context seemsto be important in
sudents responses. Thisinvestigation is continuing to identify more examples and to
cover more specific topics. These results will allow usto develop a comprehensive
understanding on how different context settings of specific physics knowledge used in
teaching can affect sudent learning and how to improve ingruction by explicit emphads
of the context settings that can cause problems.

For the mathematics study we have insufficient deta to have confidence in our
findings a this point. Our analysis of our initid data suggests thet students who have
little success within their firdt three attempts on an assgnment need outside intervention
to succeed. Students with substantial success within three attempts usudly only need
more practice to succeed. Fifteen to twenty questionsis the optima length for an online
homework assignment (that may be attempted severd times). “A” students are more
likely to continue to work when they have a poor or average initid score, while F
sudents are likely to quit if they receive either apoor or above average initia score but to
continue to work when they receive adightly below average score.

6. Hasyour research project resulted in methodological advances? If so, please
characterize.



While we are anticipating some methodological advancesin both assessing and
representing student mental model's, we have not yet achieved those advances. The
primary advance will be in the implementation of Modd Andyds as the quantitetive
andyssmethod. This method will go beyond exigting score-based assessment toolsin
characterizing student understand and difficulties.

Thisisthefirst project we are aware of to apply data mining techniques to online
homework system responses. We are developing an understanding of what are the
important items to measure and are working to develop means of andyzing student
responses to understand the underlying student models (but thisis il in development
and isnot yet an advance).

7. @) What would you identify asthe most important recent discoveriesor findings
in thefield of your research project, that is, excluding your project?

Inthefield directly related to our research recent work on students mental models of
abdtract ideas in physics and chemistry are somewhat valuable. The work of Treagust
and his co-workers on students' views of atoms and orbitals will be valusbleto us. Some
of the recent conceptua inventories, particularly those on topics related to light and
eectricity and magnetism will form abasis on which we can build. The prdiminary
work on a possible gender biasin inventories such as the force concept inventory could
prove to be quite useful if theseinitia findings hold up under further experimentation.

b) Which resear cher (s) do you draw upon most heavily. With whom do you most
collabor ate?

We rely sgnificantly on the work of Andrew DiSessa, hiswork on p-prims and his
paper, “What Changes During Conceptual Change,” provide useful background for us.
Likewise, the work of Mingtrell on Facets of Learning is research which we use
frequently. In addition, anumber of recent papers on the context dependence of student
performance may prove vauable.

We are collaborating with Manfred Euler at the Indtitut fr die Padagogik der
Naturwissenschaften in Kid, Germany.

8. a) Please suggest a summary of the contribution of your research to NSF's
possiblereport to Congresson thisgoal.

Teachers frequently notice what ssemsto be an inconsstency in their sudents
performance. Sometimes the students will be able to apply a scientific principle to anew
problem or Stuation quite easily. Other times, even though the teecher thinks the
problem isdmogt identicd, the udents have significant difficulty applying the
principles. Thislack of congstency isin redity part of the process of change as students
learn new materid. It isaresult of sudents holding more than one view of how the
natural world works. These views may be conflicting and thus the students seem to be
inconggent in their knowledge. Our research is investigating Situations in which
students do hold more than one view for particular scientific principles. We are
developing problems and questions which will help us and other teachers understand
better the Stuations in which students correctly and incorrectly apply scientific principles.
We expect to find that the context in which the problem is stated has an important effect.
By learning which contexts are the best sarting points, we will be able to develop some



ingructiond Strategies which gradudly move the students from the Stuationsin which
they are most able to apply the correct picture of nature to those which give them more
trouble. By organizing the problems and questions in this manner we anticipate that we
will make the learning Stuation for the sudents somewhat easier.

The use of the World Wide Web to access information online is reshaping many
different activities. This project is studying the affects of such atransformation on
educationd practices and has the potentid to use instant feedback, unlimited practice, and
time flexibility to improve student learning.

b) Would you be comfortable positioning your project on a " resear ch-to-practice’
continuum?

Y es, the purpose of this project is to implement advanced research methods and
resultsin practical gpplications in teaching.

) If so, wherewould you position it? (Please fedl free to comment on a concept
of such a continuum.)

Our project seemsto lie somewhere in the middle of the research to practice
continuum. We are developing some basic research tools which we expect to be able to
be gpplied, with minor modification, by practicing teechers.

9. What would facilitate the transfer of your research to practice ?

Part of the transfer from research to practice is built into our project. Near the end of
the project we intend to have afew workshops to introduce teachers to the techniques that
we have used and their value for classroom teaching. Because the way in which we are
looking at the data collected by conceptud inventoriesis quite different from current
practice among physics teachers, additiona workshops on how to useit in the classroom
and handbooks could best move it to practice. Web sites on how to use the materiasin
classrooms could also be ussful if they are congructed carefully. Publication, once we
have sufficient data to be confident of our results, followed by commercia systems
adopting whatever data collection and analysis strategies prove most effective for
reporting feedback both to students and instructors.

10. Describe any influence (accomplished or anticipated) on improved achievement
in mathematics and science abilities due to your research project.

At thistime d| of the improvementsin science and mathemétics learning are
anticipated because we are near the beginning of our project. We expect to be able to
suggest to teachers scenarios or sequences of events which can lead students from
problems in which the context helps the students understand the physica principles and
how to gpply it to oneswhich traditiondly give them more difficulty. By isolaing the
components of the context that provide the greatest difficulty, we will be able to suggest
to teachers that they delay introduction of those components until the students have
demonstrated an understanding of the ones thet give them lesstrouble. Then by
gradudly adding the components which have traditionally caused the most difficulty, the
teacher will be able to help develop the conceptua understanding in agradua way.



A smilar gpproach is being undertaken in the study of the transfer of knowledge from
mathematics to physics. By learning more about the specific difficulties that students
have when they apply (or are unable to apply) their knowledge of trigonometry ina
physics course, we will isolate the componerts that give the sudents the greatest
difficulty. Again, by suggesting strategies and sequences of ingtruction we should be
able to help teachers facilitate the transfer of previoudy leaned information to the physics
course.

Within 10 years, it ssems extremdy likely that online homework sysems will be the
standard technique for handling homework in mathematics. A clear understanding of how
to use such systems effectively would greetly enhance dl students’ abilitiesto learn
mathematics.

11. a) How hasyour research been connected with on-going efforts of NSF to
reform mathematics and science education in the United States?

Our project is part of an ongoing effort by the physics education research community
to understand better the difficulties that students have in learning and gpplying the
concepts of physics. Early work in this area collected alarge amount of data on the
concepts which give students difficulties and some ingtructiond strategies on how to
dleviate some of those difficulties. Thus we have learned much about the lack of
conceptud change in students taking traditiona physics ingtruction and some specific
drategies for enhancing that change. Our research will take this effort somewnhat further
by looking a some of the details of sudents menta models during the conceptud
change process. By doing so we will be able to learn about specific components of
different physica principles that represent the primary barrier to conceptua change. At
the same time, we will build a representation of the change process so that teachers will
be able to follow the progress of their classes.

b) With which projects have you most exchanged ideas and information?

Our primary exchange has been with asmilar project a Ingtitut fir die Pédagogik der
Naturwissenschaften in Kid, Germany.

12. Pleaseprovidealist of publications, confer ence proceedings, book chapters,
technical reports, etc., that may be attributed wholly or in significant part to
thisproject.

Papers have been submitted (see below) but none have been accepted for publication
yet.
13. Presentationsat Conferences

Bao, L. (2001). “Context-Explicit Modding of Conceptua Learning Process: Theory,
Assessment, and Ingtruction,” AAPT Winter Meeting, San Diego, CA (2001).

Dean Zollman & Kirgen Hogg “Attitudes of Future Teachersto Teaching and
Learning”, AAPT Winter Mesting, San Diego, CA (2001).

N. Sanjay Rebello & Dean Zollman *“The Effect of Digtracters on Student
Performance on the Force Concept Inventory,” AAPT Winter Meeting, San Diego, CA
(2001).



Online Homework, A Preliminary Report, Andrew G. Bennett and Fedor Andreev,
Mathematics Technology Expo, Kansas City, MO, October 2000 (Thistak took place
before project funding began, but was based on the research we did to write the initial
proposa to receive funding).

Mathematics Teaching and the World Wide Web, Andrew G. Bennett (plus others
from outside this project), Joint Meeting of the AMSMAA, New Orleans, LA, January
2001

14. ldentify any honors, awardsor other recognition associated with your project
activities.

The principa investigator, Dean Zollman, has recently been named a University
Didtinguished Professor by Kansas State University. This recognition isadirect result of
his research on the learning and teaching of physics.

Co-PI Andrew Bennett isa 2001 recipient of the KSU Commerce Bank Outstanding
Undergraduate Teaching Award. While thisaward is recognition for teaching, it is
related to the project because the research that he does on this project informs his
teaching.

15. Isyour project structured totrain or apprentice new investigator s? Please
provide details.

This project involves both graduate students and postdoctoral research associates. At
Kansas State University the project will support one postdoctoral research associatein
physics education and another in mathematics education. Fedor Andreev, who did much
of the preiminary work in mathematics education for this project, is currently supported
and has made one presentation and is preparing a paper for publication. Dr. Andreev has
accepted atenure-track position in lllinois, though he intends to continue to collaborate
online. Kirsten Hogg, who worked on early stages of the project as a post-doc in physics
education, is returning to teaching in Audrdia We have hired a physics educetion post-
doc who will beginin July and are currently hiring a mathematics replacement post-doc.

In both cases the people selected for these positions were educated in atraditional
research area and have made commitments to changing to physics or mathematics
education research. Kansas State Universty has two graduate students working on the
project. Oneiscompleted MS thesis research while the other is completing a PhD
dissertation in physics education research. At Ohio State University two graduate
students are working on PhD dissertations related to this project.

16. Project Methodology (from check boxes)
Action Research, Quas-experiment, Design Experiment
17. GradeLevel Addressed by the Project:
Main Emphass. Undergraduate, Secondary Emphass. K-12

18. Measuresand Instrumentation for Subjects
Short Answer Tests, Performance Assessment, Demondtration (Live or Presentation),
Multiple-choice Tests

19. Data Collection Procedures
Testing, Non Participant Observation, Group Interviews, Sample Survey or



Quegtionnaire, Clinicd Interviews, Other (Describe): On-line and response system
assessment

20. Working papersnot yet presented/published:

Le Bao “Understanding probabilitic interpretations of physicd systems. apre-
requisite to learning quantum mechanics,” submitted to Am. J. Phys.

N. Sanjay Rebdllo & Dean Zollman: “The Effect Of Digtracters On Student
Performance On The Force Concept Inventory” Submitted the American Journal of
Physics, (2001)

Le Bao, Dean Zollman & Kirsten Hogg “Modd Analysis of Fine Structures of
Student Moddls: An Example with Newton's Third Law” Submitted the American
Journal of Physics, (2001)

Student Reactions to an Online Homework System, by Andrew G. Bennett and Fedor

Andreev (in preparation)

21. Keywords
Physics
Mathemétics
Context dependence
Conceptual Understanding
Student Difficulties
Mental models
Large class response systems
On-line homework

22. Related Funding Awards, Granted After NSF Issued ThisGrant Or AsA
Result Of NSF Issuing This Grant
None

(Check all of the following characteristicsthat relate to your project)

23. M Appliesidess, gpproaches, media, materids, or technology in new ways.
24. V1 Applied or problem:based research.

25. [ Basic or case theory-based research.

26. M Descriptive research, to examine and explain a phenomenon.

27. M Multidisciplinary project focus.

28. M Multidisciplinary project team.

29. [ Teacher professiond development.

30. U Curriculum development.

31. M Indructiond practices, in a specific instructionad domain.



32. [ Changesin society's perspectives or understanding of the vaue of math and
science.

33. [ Student achievement.

34. M Teaching strategies, broadly defined.

35. M Internationd focus

36. [ Sdentific visudization.

37. M Modding and smulation.

38. M Condructivism.

39. U Educetiona reform

40. M Multiple research organization participation.

(Check all of the following characteristicsthat relateto your project)
41. [ Conference and meetings.

42. M Surveys.

43. [J Women's education.

44. [ Minority education.

45. [ Specid education.

46. M Science or science education.

47. M Mahematics or mathematics education.

48. M Computer software use, including networking.
49. M Software development.

50. M Computer hardware use, including networking.

51. O Hardware development, including peripherds and interfaces for specid
equipment.

52. [ Technology use, other than computers.

53. [ Technology development, other than computers.

54. ¥ Mediause, including printer, audio, video, and multimedia.

55. ¥ Mediadeve opment, including printer, audio, video, and multimedia

56. M Assessment of project and its effects on SMIET teaching or learning.

57. General comments, including recommendationsfor EHR research directions:
None



