EDC&I 505.   Seminar in Curriculum and Instruction: 

Models and Modeling in Learning Science

Spring Quarter, 2006, Thursday , 4:30-6:50

Miller Hall, Room 411

Instructors: 

Professor John Frederiksen,

Professor William Winn

Links to materials at  http://depts.washington.edu/edtech/505.htm
Class email: edc_i505c_sp06@u.washington.edu

Course Description

Studies of students’ beliefs about the nature of science reveal a lack of understanding that models are evolving, intellectual products of scientific investigation.  Students view science learning as acquiring factual content knowledge and procedures for solving problems, rather than developing knowledge of scientific models, and how to develop and apply them. Our concern in this course is how we can make use of computer technologies to enable students to develop a deep knowledge of the nature of models, how they are constructed, and how they may be used to reason about domain phenomena, in order to explain phenomena and to solve problems. Our main emphasis will be on learning by using software to build models.

In this seminar we will study a variety of modeling tools and investigate their use in classrooms.  The tools we shall study are mostly computer simulations that are designed for classroom use, but we include representatives of the kinds of modeling tools that are used in modern science in the study of complex systems.  In addition to reading papers, to thoroughly understand the educational potential of these modeling approaches, we will do hands-on work with each of these computer modeling tools.  As a group we will then reflect on their conceptual strengths and the difficulties they pose for learning and teaching mostly of science and mathematics, but which arise in their applications in any subject area. 

We will consider both the expressive use of models in building representations of phenomena, and the exploratory use of models in investigating domain phenomena. While both kinds of model allow students to construct representations of what they know, to be externalized, shared and assessed, the latter emphasizes doing so for the testing of hypotheses to arrive at conceptual change. We will consider different types of models such as Cellular Automata, Qualitative Models and System Dynamic Models, for students of all ages. Each will be represented by extant computer modeling tools that are available for use in the classroom. Students will be expected to spend enough time working with each modeling tool to understand its properties well enough so that the class can analyze ways of integrating its use within curricula, and generally to assess the potential impacts of modeling in learning. 

Readings

There is no required text for this class. Readings, to be completed before each week's class, will be made available and are listed for each session. Nearly all of them are posted as PDF files on the class web page  http://depts.washington.edu/edtech/505.htm Those that aren’t available on line will be provided as handouts. In addition, the following books provide valuable supplementary material.

Feurzeig, W., & Roberts, N. (1999).  Modeling and Simulation in Science and Mathematics Education.  New York: Springer-Verlag.  This book includes a CD-ROM containing many of the modeling tools we will be examining.  (For most programs, there are also versions available on the Web.)  

Mellar, H., Bliss, J., Boohan, R., Ogborn, J., & Tompsett, C. (1994).  Learning with Artificial Worlds: Computer-based Modeling in the Curriculum: The Falmer Press.

Brna, P., et al. (Eds.) (2002). The role of communication in learning to model. Mawah NJ: Erlbaum.

Links to all software you are to download are provided along with the readings for each week in the course outline below, and also on the course web page. There are versions for MAC and Windows for all programs.
*Indicates relevant but non-mandatory readings.

COURSE OUTLINE

I. Basic concepts

Week 1 (March 30).  Introduction to the course and its organization.  What are models and modeling? Features of models (Inputs, outputs, algorithms, control parameters) and what may be under user control.  Epistemological issues in students’ learning.

Collins, A., & Ferguson, W. (1993).  Epistemic forms and epistemic games: Structures and strategies to guide inquiry.  Educational Psychologist,  28, 25-42.

Grosslight, L., Unger, C., Jay, E., & Smith, C. L. (1991).  Understanding models and their use in science: Conceptions of middle and high school students and experts.  Journal of Research in Science Teaching, 28(9), 799-822.

Week 2 (April 6).  Overview of forms of models and how they are linked in understanding a domain. Cognitive processes involved in learning by modeling and how they affect mental models. How student-built models are coupled to mental models [Demo of Agent Sheets.]

Forbus, K. Why computer modeling should become a popular hobby. (Unpublished mss.)

Frederiksen, J. R., White, B. Y., & Gutwill, J. (1999).  Dynamic mental models in learning science: The importance of constructing derivational linkages among models.  Journal of Research in Science Teaching, 36(7), 806-836.

Penner, David E.  (2001).  Cognition, computers, and synthetic science: Building knowledge and meaning through modeling.  Review of Research in Education 25, 1-35.

*Schwarz, C., & White, B. (1998, April). Fostering Middle School students’ understanding of scientific modeling. AERA, San Diego.

*Seel, N. Model-centered learning and instruction (2003). Technology, Cognition, Learning and Instruction, 1 (1), 59-85.
*Treagust, D.E., Chittleborough,G., & Thapelo, L. (2002). Students’ understanding of the role of scientific models in science. International Journal of Science Education, 24, 4, 357-368.
II. Learning by building models

Week 3 (April 13).   Modeling based on objects and events: Agent Sheets). [Demo of Star Logo.]

Repenning, A., Ioannidou, A., & Ambach, J. (1998). Learning to communicate and communicate to learn.  Journal of Interactive Media in Education, 98 (7), 1-50.

*Repenning, A. et al. (2000). Agent Sheets: End user programmable simulations. Journal of Artificial Societies and Social Simulation 3(3), (Online journal at http://www.soc.surrey.ac.uk/JASSS/3/3/forum/1.html)

Download Agent Sheets from: http://agentsheets.com
Week 4 (April 20).  Modeling based on objects and events: StarLogo.  [Demo of Stella.]

Resnick, M. (1996). Beyond the centralized mindset. Journal of the Learning Sciences, 5(1), 1-22.

StarLogo tutorial:  http://education.mit.edu/starlogo
Download StarLogo from: http://agents.www.media.mit.edu/groups/el/Projects/starlogo/
Week 5 (April 27.  Quantitative models: Stella. [Demo of VModel.]

Forrester, J.W. (1996). Systems dynamics and K-12 teachers.

Doerr, H. M. (1996). Stella ten years later: a review of the literature. International Journal of Computers for Mathematical Learning, 1 (2), 201-224. 

*Alessi, S. The application of system dynamics modeling in elementary and secondary school curricula. University of Iowa. 

*Forrester, J.W. (1994). Learning through systems dynamics as preparation for the 21st Century.

Download STELLA from: http://www.iseesystems.com/community/downloads/STELLA/STELLADemo.aspx
Week 6 (May 4).  Learning to model complex phenomena and systems qualitatively: VModel. [Demo of Netica].

Forbus, K.D. Qualitative Physics: Past, present and future.

Download VModel from:  http://www.qrg.northwestern.edu/projects/NSF/Vmodel/index.htm
Week 7 (May 11). Modeling uncertainty and belief systems. Netica. [Demo of Alice]

Charniak, E. (1991). Bayesian networks without tears. AI Magazine, (Winter), 50-63.

Download Netica from:  http://www.norsys.com
Tutorial:  http://www.norsys.com/tutorials/netica/nt_toc_A.htm
Week 8 (May 18).  Narrative and social uses of simulations.  Alice. 

Conway, S., et al. (2000). Alice: Lessons learned from building a 3D system for novices. Paper presented at the meeting CHI 2000.

Download Alice from: http://www.alice.org 

Week 9 (May 25). Learning from models designed for Scientific Research. 

Hay, K., Marlino, M. & Holschuh, D. (2000). The virtual exploratorium: Foundational research and theory on the integration of 5-D modeling and visualization in undergraduate geoscience education. In B. Fishman & S. O’Connor-Divelbliss (Eds.), Proceedings: Fourth International Conference of the Learning Sciences. Mahwah, NJ: Erlbaum.

Winn, W.D., & Windschitl, M. (2001). Learning science in virtual environments: The interplay of theory and experience. Themes is Education, 1, (4), 373-389.

A guest speaker will explain how oceanographers are using models together with field work to explain the fish kills in Hood Canal. We will also discuss a lesson taught to undergraduates who used modeling software to try to solve the problem for themselves.

III. Conclusion

Week 10 (June 1).  Student reports and course wrap-up. 

Course Requirements

1. Participation. Students will complete all assigned readings and assignments before the class during which they will be discussed, and will participate in class activities.

2. Modeling demonstrations and activities. To the extent that course enrollment permits, students will do most of their work in pairs  For weeks 3-8, students will be responsible for leading discussions and designing class activities relevant to each of the papers and modeling tools studied in a given week.  Each pair is asked to distribute to the class the week before an overview and study guide to help focus study and debate.  The overview should include: 

(i) the purpose of the paper and modeling tool

(ii)  a brief summary of the approach to modeling taken, and 

(iii)  a set of general discussion issues raised by the work. 

The week before, they will also give a short orientation demo of the modeling tool to help the class members get started with the software.  The following week, they will lead the class in an activity they have prepared to foster discussion and reflection.  Ideas for activities include:

(i) presenting modeling exercises for the class to do and reflect on, 

(ii) showing examples of models students have created for critical evaluation,  and 

(iii) mapping modeling approaches to curricular needs in science. 

Following the class discussion and activity, each group is asked to produce a short, written report.  This should include the plan for the classroom discussion and activity, and a reflection on the effectiveness of their class session.  The report is due the week following the activity.

The schedule is set up so that each group will do these activities once.

3. Project and class report. In addition to leading classroom activities, students will carry out a project in pairs in which they observe each other using modeling software to learn something. The software does not have to be the program they demonstrated previously, nor indeed one of the programs examined is class. However, students are advised not to embark on a project that will require a lot of time to learn a new program! 

To complete this activity, each student will do the following:

1. Design a short learning activity, appropriate for the chosen modeling software, that covers no more than three concepts.

2. Prepare materials for a student to use in the activity including, as appropriate, directions, worksheets, scenarios, tests.

3. Have a partner pay the role of a student and work through the materials.

4. Assess the effectiveness of the activity by collecting and analyzing:

a. Observations of the student at work

b. Any written materials the activity has the student produce.

c. Any tests or other forms assessment that are given

d. Anything else that you deem relevant.

5. Prepare a report organized around the following headings, in bold:

a. A description of the learning goal/objectives

b. A description of the activity, including what you did as the “teacher”, if 
anything.

c. A description of the data you gathered and conclusions about what the student did and did not learn.

d. An account of why you think the activity/software succeeded or did not succeed.

e. A more general discussion of the feasibility and potential value of introducing modeling into the curriculum in the way you envisaged doing it. 

6. Present a summary of your report on the last day of class (June 1).

Note: Each student is to act as “activity-designer/teacher” and as “student”. A useful strategy might be to design a longer unit, and have each person be responsible for half.

The written report is also due on the last day of class (June 1). 
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