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COMPILATION. Science literacy and Modeling Instruction (how things work)

Date:    Mon, 21 Apr 2008 
From:    Frank Noschese 
Subject: Modeling vs. "Science Literacy"
     I am hoping people will be willing to advise me on an issue that's been on my mind now that spring break is here...
     Next year I will be teaching a section of "conceptual" physics.  The course has traditionally been taught as a watered-down version of the college-prep course, using Hewitt's high school text.  In addition, there is no lab period.
     The students are mostly unmotivated seniors with weak math skills.  I suspect the traditional treatment will not fair well for students and teacher.  There is talk among the other physics teachers to make the class more of a "science literacy" course.  Possibly give the class a "How Things Work" approach, which at first seems like a great idea: anything to make the course relevant and get the kids jazzed up will go a long way.
     Coincidentally, I am taking an online version of "How Things Work" (HTW) at the University of Virginia (U VA).  I find the presentation of the physics concepts novel, and I am learning some new things and new applications/demos to work into my classes.  Unfortunately, the text and the lectures seem to simply parade one physics concept after another, with no connection to a model or bigger concepts.  Lots of fancy terms and equations presented as facts to be memorized.  In the end, it's like the physics equivalent of biology (no offense).  There is no lab component to the course.
     The college students taking the "live" version on campus give the lecturer (Bloomfield) great reviews.  However, judging by the online discussions taking place regarding HW, it seems that most students will not do better on the FCI after taking this course.

     Of course, I'm probably comparing apples and oranges.  The "How Things Work" course and Modeling have different goals.  HTW is focused on science literacy, whereas Modeling, is, well...you all know!
     I want my students to be able to understand what science is, how it is done, and that physics is just a few basic principles that can be used to interpret a variety of situations.  Or is it more important for them to debate climate change and nuclear energy and learn how their iPods and cellphones work? And wouldn't the HTW approach probably be lots of lecturing about terms and concepts (like MOSFETs and semiconductors and Fermi levels) that do not have a place to fit into their current knowledge structure about how the world really works?
     Which would better serve these students: Modeling or HTW?  Or is compromise possible?
******************************************************************************

Date:    Tue, 22 Apr 2008 
From:    Edward Hershey 
     I try to do a bit of both.
     My students mostly have okay math skills, but aren't very motivated to think about physics.  I finished the Modeling curriculum a couple weeks back, and after doing some Test Prep, I'm having them do a Science and Society Project, where students submit papers and give a presentation on a topic that covers the intersection between science and society (e.g. history of
science, philosophy of science, social controversies over science).  We've thoroughly covered global warming, so no one is doing that.  I gave a long list of topics, but allowed students to devise their own, for instance, birth control, pharmaceuticals (two topics are anti-depressants and ADD medications), Astronomy in Europe, China, India, West Africa, Nuclear Power, Evolution, Stem Cells, Artificial Intelligence.  The advantage here is that the students got to choose a topic they were interested in.  The scope of the assignment is very broad and a large spectrum of science will be covered in each class.
     I'm going to do a few more physics topics -- waves, some gas laws, and some nuclear, and then the last twenty minutes of most periods will be devoted to the student's presentations.
     This way they are getting a taste of physics (I'm taking about two weeks or so on each topic, so we won't be doing any of them in any significant depth, but they are topics that would probably require more math skills and physics interest to do more in depth), and they will also have "science literacy."
     I don't think I'm shortchanging physics by doing this -- the students who are inclined and have the ability will be taking the AP course.  But I'm open to thoughts/critiques.
******************************************************************************

Date:    Tue, 22 Apr 2008 
From:    Charles Deremer 
     As someone who has earned the MAPE degree from U VA and has taken the "How Things Work" course via distance learning, I think that you are correct in that the paradigms of HTW and Modeling are very different. I suspect that there is a way to create a melding of the two approaches, but not without time for deep consideration. Given what I have seen with how Modeling creates a strong foundation in physics, I would opt for the Modeling every time. I would suggest that you look at the Physics First materials on the modeling website for materials of decreased mathematical rigor, yet the same conceptual basis. Then after some ideas have been mastered, perhaps add an HTW component for application.
******************************************************************************

Date:    Tue, 22 Apr 2008 
From:    Nick Cabot [modeler since 1995; Ph.D in 2008. Dissertation on modeling website]
     I agree with Frank that a "How it Works" class usually requires a background students don't have!  Such classes are really just a bunch of hand waving - how can a kid with a weak background begin to make sense of what a laser does if they understand nothing about energy, photons, waves and all that?  In my opinion, HTW classes can only be taught on a phenomenological basis - this is what it is and this is what is does - but only in the crudest terms.  And how is that "science literacy" anyway?

     On the other hand, check out the Science Snackbook from the Exploratorium (Frank Oppenheimer's hands-on science brainchild in San Francisco).  There are plethoras of hands-on, single-concept activities in that book that require only easy to find stuff to do.  This is a REAL ‘how it works’ book and you can design your lesson to be very Modeling-like, albeit somewhat "condensed," as it were.  I have used this material as a curriculum for a science credit retrieval class in the past and it was both fun and successful.  They learned about how science is done at a very accessible level.  No FCI, though.
******************************************************************************

Date:    Tue, 22 Apr 2008 
From:    Paul Lulai 
     Like you stated, the big issue will be the goal of the course.  Certainly some will state that science literacy includes how science is done and modeling is the fit.  I would respectfully state that this is not necessarily the intent of an upper level 'physics for everyone' class.
     I have used the HTW text by Bloomfield (sp?).  The text itself is quite good.  The trouble is that some sections do require a focused effort to read (for a h.s. kid in physics for everyone).  A lot of these kids will read the more challenging sections of the text with their eyes glazed over.  Of course that is a battle regardless of the text (assuming a text is used).  I am not a fan of the chapter review problems.  They appeared to often require setting two equations equal to each other.  When the class is designed for 11 & 12 graders in low-level math, the chapter review became of limited use.
     I now use Hewitt's Conceptual Physics.  The workbooks are great for conceptest-like questions (Eric Mazur of Harvard).  The math can be scaled to the appropriate level.  It does lack the direct application context of HTW.
     I do think that both texts would work well as a supplement to modeling methods in any course.  I think the question becomes, is modeling appropriate for a ‘physics for everyone’ course?  I don't know the answer.  I guess I've tried to sprinkle some modeling method labs into things along with some multiple representation stuff here & there and some graphical interpretation stuff.  Most of these things are included in modeling, one way or another.  I think a ‘physics for everyone’ course cannot quite be a full-fledged modeling course.  This might be sacrilegious on this list.  My apologies.

******************************************************************************

Date:    Wed, 23 Apr 2008 
From:    Marc Price Reif 
     I share your concerns and have had the same personal debate many times.  I've been in education for about 18 years, now.  It seems pointless to me that we spend so much effort on teaching without "tangible" rewards (meaningful student learning).  Being acquainted with some facts about how things work without really understanding the context or having a deep enough feeling for the material to transfer to other situations qualifies as no tangible rewards in my book.  I have taught many students who, I felt, left my course capable of doing no more science than when they came in.  This is true with modeling, too, but it was much more true when I was a conventional teacher who tried to make things "interesting" and "relevant" with traditional methods.  Some students I had (have) no effect on.  But I feel so much better about teaching, and the conversations I have with students are so much more to the point, that I can clearly see the benefit for most of the students, and myself.  If I were you, I would stick with modeling as the primary methodology for your class, and incorporate literacy/how things work issues on top of that, as much as you can.
******************************************************************************

Date:    Thu, 24 Apr 2008 
From:    Robin Hori [Modeling Workshop leader in Miami, Florida]
     I've also struggled with developing "science literacy" with my students, especially in my General Physics classes. As a "modeler" I've found that the methodology aligns nicely with the "habits of mind" as listed with Project 2061. A change that I've been working on is developing my tests as a means of re-enforcing these concepts. I'd like to see "test development" as part of the Modeling Workshop topics.
******************************************************************************

Date:    Fri, 25 Apr 2008 
From:    Laura Ritter 
     If you are looking for a good program that successfully melds modeling techniques with discovering how things work, you might want to check out the Physics of Cell Phones and Wireless Communications curriculum developed by modelers: Mark Davids, Don Pata and Rick Forrest.  They have held summer workshops for training (I think a message was sent out on the list serv awhile back).  I attended a workshop a few summers ago at Don's school and it was a great experience.  

     We don't have the time to work it into our curriculum for our first year physics class, but the Physics Two teacher at my school incorporates it as part of his curriculum. 

      Here is a link to the info for this summer's workshop in Michigan: http://blog.sosaapt.org/2008/03/19/the-physics-of-cell-phones-and-wireless-communications.aspx
******************************************************************************

[Editor’s note: here is relevant information, compiled from posts to the modeling listserv.]

From: Mark Davids

Subject: Cell Phones and Wireless Communications Workshop

Two Michigan Modelers, Mark Davids and Don Pata, working with communications engineers from Cingular, Motorola, and the U. of Michigan, have designed an innovative and exciting, three week, student centered, inquiry based unit on the physics of cell phones and wireless communications.  The pedagogy is very "modeling friendly." The unit reinforces key concepts in vibrations and waves, sound, electricity, and light and introduces key concepts in information theory. We have given 1/2 day workshops and made presentations at AAPT National Conferences to rave reviews. Within the past two years, we have trained approximately 80 teachers who now have all of the expertise and equipment to teach this three-week unit in their classrooms. … Find further details at www.cef-trek.org

--------------------------

Date:    Tue, 6 May 2008 

From:    Frank Noschese 

     A great big THANKS! to all of you who took your "free time" to write about modeling vs. literacy.  I agree that modeling is the way to go, but I plan on putting it in the context of a how things work-type question.  I like the suggestion of starting with CASTLE, because I want to emphasize reasoning from evidence, not number crunching.

     I remember there was a TPT article about having students take apart a used disposable camera (get them from the photo store).  You can use the question "How do cameras work?" as a springboard to model circuits, lenses, light, reflection, refraction, pinhole cameras, color, etc, using the regular modeling materials.  There is a local art museum that has a room size camera

obscura -- field trip!

    Thanks again!  You're all such a great resource (and great people, too!)

Date:    Wed, 23 Apr 2008 
From:    Jane Jackson 
     [Below is an excerpt by David Hestenes, from his proposal to the NSF K-12 DISCOVERY program in January 2008. The proposal is "Modeling Instruction for STEM Education Reform."]


                   Science and Math Literacy in Curriculum and Assessment
     In a landmark publication, Science for All Americans (Rutherford & Almgren, 1990), AAAS Project 2061 defined scientific literacy as the central goal of public STEM education. This was followed by a more detailed framework in Benchmarks for Scientific Literacy (1993). Now, more than a decade later, it is hard to detect a trace of this framework in the textbook-driven public education or the policies of the U.S. Department of Education.
     Fortunately, the goals of scientific and mathematical literacy have been taken up with renewed vigor at the international level in creation of the Programme for International Student Assessment (PISA) by the Organisation for Economic Cooperation and Development (OECD). To date, PISA has assessed well over a million students in 60 countries. The 30 member nations of the OECD along with 27 partner nations that participated in the most recent testing cycle account for roughly 90% of the world economy. As usual, the United States did not perform very well, but that is not a point we want to make.
     The important point is that design of the PISA assessment instruments is guided by a well-crafted Framework for Scientific, Reading and Mathematical Literacy (Cresswell & Vassayettes) developed by outstanding international teams of domain experts. This framework is simpler and more practical than the Benchmarks, though it captures all the essential aspects of science and math literacy, and it has the great advantage of intimate ties to an internationally credible education assessment program. Accordingly, we highly recommend the PISA Framework for Scientific, Reading and Mathematical Literacy as a guide for any STEM education initiative in the United States. Moreover, we begin that advocacy by adopting it as a core component of our curriculum framework and professional development program.


REFERENCES:
Cresswell J. & Vassayettes, S. (2006). Assessing Scientific, Reading and Mathematical Literacy: A Framework for PISA 2006. Paris, France: Organization for Economic Cooperation and Development.
PISA - The Programme for International Student Assessment. (2007). Retrieved January 13, 2008, 2008, from http://www.oecd.org/dataoecd/51/27/37474503.pdf
American Association for the Advancement of Science, Project 2061 Benchmarks Online, http://www.project2061.org/tools/benchol/bolframe.htm
******************************************************************************

Date:    Thu, 24 Apr 2008 
From:    Jane Jackson 
     In 2004 I read the PISA 2003 report and studied the sample math problems. I like them! They are practical, they involve thinking, and they give a purpose to mathematics.  The test's emphasis on math modeling is brilliant, IMHO.
     Below is an excerpt from the Executive Summary of the PISA 2003 international math test (downloadable in pdf at <http://www.pisa.oecd.org/> It's 44 pages long, 3.4 MB)
     MOST AMERICAN 15-YEAR OLDS ARE AT MATH PROFICIENCY LEVEL 3 OR LOWER (with no change in the 2006 PISA math portion.)
     On the other hand, almost HALF of students in Finland, Hong Kong, South Korea, Canada, and Belgium can work with models (level 4), and a sizable fraction of them can do modeling of complex problem situations (level 6) -- unlike U.S. students, hardly any of whom can do modeling.
 

    COMMENTS on the excerpt:  Notice the emphasis on student MODELING (at level 6), & the emphasis on MODELS (at levels 4 and 5). Also the emphasis on reflection and communication (at levels 4, 5, and 6).
     Note that at level 3, students can use representations but are NOT able to work with explicit models. (David Hestenes says,"a scientific model is distributed across multiple representations".)
     It's clear that Modeling Instruction needs to be implemented widely in the U.S.A.


              EXCERPT FROM EXECUTIVE SUMMARY (PISA 2003): (page 8)
Summary descriptions for the six levels of proficiency in mathematics:  Student proficiency in mathematics: What students can typically do.
     At Level 6 students can conceptualize, generalize, and utilize information based on their investigations and modeling of complex problem situations.  They can link different information sources and representations and flexibly translate among them.  Students at this level are capable of advanced mathematical thinking and reasoning. These students can apply insight and understanding along with a mastery of symbolic and formal mathematical operations and relationships to develop new approaches and strategies for dealing with novel situations.  Students at this level can formulate and precisely communicate their actions and reflections regarding their findings, interpretations, arguments and the appropriateness of these to the original situations.
     At Level 5 students can develop and work with models for complex situations, identifying constraints and specifying assumptions. They can select, compare, and evaluate appropriate problem-solving strategies for dealing with complex problems related to these models.  Students at this level can work strategically using broad, well-developed thinking and reasoning skills, appropriately linked representations, symbolic and formal characterizations, and insight pertaining to these situations.  They can reflect on their actions and formulate and communicate their interpretations and reasoning.
     At Level 4 students can work effectively with explicit models for complex concrete situations that may involve constraints or call for making assumptions.  They can select and integrate different representations, including symbolic ones, linking them directly to aspects of real-world situations.  Students at this level can utilize well-developed skills and reason flexibly, with some insight, in these contexts.  They can construct and communicate explanations and arguments based on their interpretations, arguments and actions.
     At Level 3 students can execute clearly described procedures, including those that require sequential decisions. They can select and apply simple problem-solving strategies.  Students at this level can interpret and use representations based on different information sources and reason directly from them.  They can develop short communications reporting their interpretations,
results and reasoning.
     At Level 2 students can interpret and recognize situations in contexts that require no more than direct inference. They can extract relevant information from a single source and make use of a single representational mode.  Students at this level can employ basic algorithms, formulae,
procedures, or conventions.  They are capable of direct reasoning and making literal interpretations of the results.
     At Level 1 students can answer questions involving familiar contexts where all relevant information is present and the questions are clearly defined.  They are able to identify information and to carry out routine procedures according to direct instructions in explicit situations. They can perform actions that are obvious and follow immediately from the given stimuli.


MY FINAL COMMENT: Sadly, only 1/4 of 15-year-old American students are at proficiency level 4 or higher. (About 1/4 are at level 3, 1/4 at level 2, and 1/4 below that, according to Figure 2 on p. 8 of the Executive Summary).
****************************************************************************

Editor’s note: two resources on scientific literacy are papers by Carl Wenning.

Assessing inquiry skills as a component of scientific literacy. Journal of Physics Teacher Education Online, 4(2), Winter 2007, pp 21-24. Also, see the associated Scientific Inquiry Literacy Test (ScInqLiT) - password protected PDF; contact author for password.

    http://www.phy.ilstu.edu/pte/publications/assessing_ScInq.pdf

Assessing nature-of-science literacy as one component of scientific literacy. Journal of Physics Teacher Education Online, 3(4), Summer 2006, pp. 3-14. Also, see the associated Nature of Science Literacy Test (NOSLiT) - password protected PDF; contact author for password.

    http://www.phy.ilstu.edu/pte/publications/assessing_NOS.pdf
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