Climate Education Foundation

What is a Scientific Model?
How Science Works
Goal: Introduce students to the concept of scientific model building as a platform for understanding modeling for climate change.
Objectives: Students will …

· Understand the basic concepts behind a scientific model

· Design a model from direct and indirect evidence

Materials (for a class of 30 working in teams of two):

· Developing Models – PowerPoint presentation found in “Powerpoints” folder on your CD
· Computer

· Computer projection system

· Little Finger Maze Set (Sargeant Welch catalog #46960-00)

· 15 blindfolds

· 30 copies of the Developing Models – Student Sheet

· Ob-Scertainer Kit (Lab Aids #100)

· Transparency of Developing Models – Ancient Code

· Overhead projector

· Developing Models – Code Master Sheet

· 1 roll of transparent tape

· Faces Software (check internet for best price or visit http://www.pimall.com/NAIS/faces.html)
· CD Inner Circle – Bad Boys

· CD player

Time Required: (2) 45-60 minute periods
Standards Met: S1, S6, S7, LA4, LA5, LA11
Procedure:
DAY ONE

· Explain that students will be working with scientific models today to learn more about model building and its relationship to climate change.

· Use the PowerPoint presentation to present the basic concept of a scientific model.

· Pass out one finger maze and one blindfold to each group of two students.

· Have the team of two students decide who will be blindfolded first.

· Have the blindfolded student in each group place their finger on the beginning of the finger maze.

· Moving their fingers slowly, have the blindfolded student find their way through the maze using direct evidence collected by trial and error.

· Tell the blindfolded student to make a mental image of the correct pathway through the maze.

· Have the student who is not blindfolded keep track of the number of mistakes the blindfolded students makes as they travel through the maze.

· Once the blindfolded student finishes the maze, have them repeat the same maze again.

· Again have the student who is not blindfolded keep track of the mistakes that the blindfolded student makes during the second attempt through the maze.

· Repeat the exercise having the students in each group change roles.  Ask students how this represents model building.  Did they have to collect data through a series of trials and errors?  How might this relate to climate change modeling?
· Answer the questions on the Developing Models-Finger Maze Student Sheet.

DAY TWO

Activity 1
Introduction – Make up a very creative story (BS – bad science) to tell to your students how some strange black disks were unearthed from an ancient Egyptian tomb.  Rumor has it that whoever attempts to open these strange vessels will be exposed to a terrible curse.  On the wall of the tomb was inscribed some strange code writings (student handout).  These strange black containers are impervious to x-rays or any other type of technological analysis that would show what the insides look like.  It is up to the students to determine what the code on the wall means.

· Have the students form groups of 2.

· Each group will receive 1 of the strange disks (Ob-Scertainers).

· Hand out the Developing Models – Ancient Code Containers Student Sheet and ask each group to record the number of their disk (found on back) on the sheet.

· Without damaging or attempting to open the disk (tape them shut with transparent tape) students must determine what type of shape is contained within.

· After several minutes, have the students pass their container to the next group for similar analysis.

· Repeat the process until each group has received at least 5 different disks.

· Place the Developing Models – Ancient Code Overhead Transparency on the overhead projector and as a class try to break the code.  Refer to the Developing Models – Code Master Key for the answer to the code.

· Discuss with the class why it is difficult to build models of objects that you cannot see.  Again, how does this relate to climate change and current climate science models?
Activity 2
Introduction – Tell the students a scenario similar to this one:  You and a friend are walking down the street when an elderly lady comes out of a grocery store and begins walking toward you.  She has a bag of groceries in one hand and a large purse over her shoulder.  As she comes closer to you, a person rushes out of an alley and grabs the purse off of the shoulder of the lady.  You both yell at him to stop, he quickly glances at both of you, and then runs back down the alley and out of sight.  One of you rushes to the lady to ask if she is all right, and the other person dials 911 for the police.  The lady says she is OK, but tells you that her entire month’s spending money is in her purse.  The police arrive within minutes.  They tell you that this individual had been terrorizing the neighborhood for several weeks, but no one has had the opportunity to get a good look at him to give the police a detailed description.  
The police car is equipped with a facial recognition program, and they ask both of you to try to identify the individual’s facial characteristics from the short exposure that you had of seeing his face.  They tell you that time is of the essence, it is important to get a detailed description while he is still in the area.

· Tell the class the short scenario above.

· Pick two students from the class to sit in the middle of the room, up front and facing the projection screen.

· Begin playing the Bad Boys theme song while you show the image of the thief on the screen (you can determine how long the image is on the screen).

· Tell the rest of the class that they cannot help the two individuals in the front of the room.

· Instruct the two students that they have 2 minutes to reconstruct the face that they saw.

· After 2 minutes, compare the image they constructed with the original image they saw.

· Repeat the procedure with two new students as time permits.

· Discuss with the class the value of being able to make accurate observations in science.

Assessment:

· Participation in the activities
· Completion of the Developing Models – Student Sheets
· Participation in class discussion
Developing Models – 
Teacher Background Information

Scientists have many definitions on what a scientific model is and what it represents.  To simplify this exercise, we will define a scientific model as a mental or physical depiction of a process or structure.  Models rely on both direct and indirect evidence gathered through experimentation.  Typically the goal of a model is not to show that a phenomenon exists, but to serve as an aid in thinking about how the phenomenon might come about or why it is the way it is.  Another way to put this is that a model helps the learner understand an explanatory structure, a story about the way things are related and the causes for the behavior that we observe.  Casual observation shows us that nature, as perceived by our senses, has reliable regularities and patterns of behavior.  The use of measuring instruments and scientific apparatus confirms this and reveals even more detailed patterns in nature.  Through systematic and careful study, scientists found that these regularities can be modeled, often with mathematical models of great precision. 

Sometimes these models break down when extended (extrapolated).  Extrapolation is the process of extending a model or law beyond its known range of applicability. Sometimes extrapolation of a law or model to new situations actually works, but sometimes it fails miserably.  This tells us that we had better rigorously test each model for validity, in all possible situations, and these tests should be capable of exposing any flaws in the model.  That is, they should be capable of demonstrating that the model isn’t completely true. 

Even when a model survives such testing we should only grant it “provisional” acceptance.  In the future, cleverer people with more sophisticated measuring techniques and a more advanced scientific conceptual framework may expose deficiencies of the model that we didn’t notice. 

When models are discovered to be incomplete or deficient, we often fix them by tweaking the model’s details till it works.  But when rapid advances in experimental observations occur, a model may be found so seriously inadequate to accommodate the new data that we may scrap a large part of it and start over with a new model. Relativity and Quantum Mechanics are examples.  These situations are often called “scientific revolutions.” 

When such upheavals occur, and old models are replaced with new ones, that doesn’t mean the old ones were “wrong”.  They still work within their original scope of applicability.  Newton’s physics wasn’t suddenly wrong, nor were its predictions found unreliable or incorrect when we adopted Einstein’s relativity.  Relativity had greater scope of applicability than Newtonian physics.  But it also rested on a different conceptual basis. 

When a new model does include significantly new concepts this can provide a tremendous stimulus for further advances.  It shakes up our comfortable habits of thought, forcing us to think about nature in new ways.  Again, this does not mean the concepts of the old model were wrong, or worse than those of the new one.  
It just means that the new model’s concepts may be more productive and adaptable for further development.  But there’s always another side to every coin.  The new concepts, seemingly “better” may in fact seductively lure us down a dead-end path. Such was the case with the concept of the luminiferous ether.  These mistakes are swept under the rug of history when they are replaced. 

Past experience has shown that mathematical models of nature have tremendous advantages over the earlier, more appealing, models that used analogies with familiar everyday phenomena of our direct sensory experience.  Mathematical models are less burdened with emotional baggage, being pure and abstract.  Also, mathematics is apparently infinitely adaptable and flexible.  If some natural phenomena don’t yield to known mathematics, we can invent new forms of mathematics to deal with them. 

The history of science has been a process of finding successful descriptive models of nature.  First we found the easy ones.  As science progressed, scientists were forced to tackle the more subtle and difficult problems.  So powerful are our models by now that we often delude ourselves into thinking we are very clever to have been able to figure out how nature “really” works.  We may even imagine that we have achieved “understanding”.  But on sober reflection, we realize that we have simply devised a more sophisticated and detailed description. 

Whatever models or theories we use, they usually include some details or concepts that do not relate directly to observed or measurable aspects of nature.  If a theory is successful, we may suppose that its details are matched in nature, and are “real” even when they are not directly verifiable experimentally.  Their “reality” is assumed by some people (and most students) to be demonstrated by the fact that the theory “works” to predict things that we can verify and continue to verify.  This is not necessarily so.  So scientists often speak of energy, momentum, wave functions and force fields as if they were on the same status as objects of everyday experience such as rocks, trees and water.  In a practical sense (for getting answers), this conflation of real and invented concepts may not matter.  But on another level, a change of scientific model may do away with a force field as a conceptual entity, but it wouldn’t do away with a forest, mountain or lake. 

The notion that we can find absolute and final truths is naive.  If there are any underlying “truths” of nature, our models are just close approximations to them –useful descriptions that “work” by correctly predicting nature’s behavior.  We are not in a position to answer the philosophical question “Are there any absolute truths?”.  We can’t even determine whether there is an underlying “reality” to be discovered.  And, though our laws and models (theories) become better and better, we have no reason to expect they will ever be perfected.  So we have no justification for absolute faith or belief in any of them.  They may be replaced someday by something quite different in appearance and with different underlying concepts.  At least they will be modified.  But that won’t make the old models “untrue”, for the old models will work as well as they always did.  All of these reservations and qualifications about truth, reality, and belief, don’t matter – such philosophical quibbles aren’t relevant to doing science.  We can do science quite well without ‘answering’ these questions – questions that may not even have answers.  Science limits itself to more finite questions for which we can arrive at practical answers. 

We’ve learned that not all questions we can ask have answers we can find.  Any question that is in principle or in practice untestable is not considered a valid scientific question.  We like to think we don’t waste time on those, but they seem to pop up in Internet and classroom discussions quite often.  Many people think unanswerable questions are the most profound and important ones.  Questions like “What is the meaning of it all,” “What lies outside the universe,” or “What jump-started the universe?”  Scientists should set these aside for the philosophers to chew on, and get on with the business of answering more accessible questions. 

Science progresses through trial and error, mostly error.  Every new theory or law must be skeptically and rigorously tested before acceptance.  Most fail, and are swept under the rug, even before publication.  Others, like the luminiferous ether, flourish for a while, then their inadequacies accumulate till they are intolerable, and they are quietly abandoned when something better comes along.  Such mistakes will be found out.  There’s always someone who will delight in exposing them.  Science progresses by making mistakes, correcting the mistakes, then moving on to other matters.  If we stopped making mistakes, scientific progress would stop. 
We have built a lot of thinking around a very simple example because it allows us to see some of the issues that will arise in any analogue modeling activity.  Many classroom modeling situations are much more complex with many more issues obscuring both the science to be learned and the quality of the model.  (Think of the use of gumdrops and toothpicks to represent a molecule.)  If such issues are borne in mind, they can be used to teach specific science concepts and also some key features of the far-reaching science skill of modeling itself – model construction and interpretation.  An awareness of these issues can also help teachers and students think critically about models they meet and use.

In discussions of the quality and limits of particular models, students can start to learn how to make explicit the characteristics of good explanatory analogies.  They can identify the variables or characteristics to represent, choose the processes that need to be observable, and make decisions about the best way to represent these selected features.

A final consideration for the teacher is: When is a model worth the time?  Because of time pressures, teachers often move on to the next activity in the textbook without considering whether the modeling activity is conceptually valuable for the students.  For example, does the richness of the model (the potential conceptual or methodological complexity) justify all the set-up time?  Do the students gain strategically from analyzing the model and relating it to the target?  In our research in middle school classrooms, we have noted that many activities which involve model systems have essentially one point, one big idea, which like the “brighter pinholes are visible sooner” idea of Frank’s model, are rather straightforward for middle school students.  The very conceptual simplicity of the activity may be misleading to the students when contrasted to the logistical complexity of implementation.  In this case, Frank might ask himself, does it make sense to break up our exploration of brightness and distance into two, full-class periods?
Model building is an important manifestation of hypothesizing and theory building – key components of scientific thinking.  It requires students to think analytically about the target they are trying to understand and therefore to maintain a dialogue between the phenomena and the explanations they are making of them.  This process of making explicit how to employ a tool to give the most enlightening results is a fundamental operation of schooling (Weir, 1989).  When a teacher, having chosen a strategically valuable activity, helps the students reflect, critique, and explore representations with each other, she helps them gain skill in seeking and articulating the “lesson at the heart of the lesson”: learning both about the world and ways we make sense of it.

This document was written January 2000 and edited April 26 by Dr. Donald E. Simanek. 
Developing Models – 
Finger Maze Teacher Key

Finger Maze

Data Table
	Trial 1
	Trial 2

	Tally of Mistakes
	Tally of Mistakes


Questions for Thought:
1.  How many mistakes did your partner make during Trial 1 through the maze?  Answers will vary
2. How many mistakes did your partner make during Trial 2 through the maze?  Answers will vary
3. How do you explain the difference in the number of mistakes between Trial 1 and Trial 2?  
Students will improve scores through trial and error and by building a mental picture of the pathway through the maze.

4. How does the finger maze exercise relate to the process of building a scientific model?  
The maze exercise is similar to scientific model building because it uses experimentation (trial and error) to build a mental model of what the maze really looks like.

5. What might be some ways that scientists use experimentation (trial and error) to build models for climate change?

Most scientists use computer generated models to study/experiment with climate change.  This allows them to interact with several variables at one time and see the effect on the entire system.  Isolated experiments on just one component of climate change make it difficult to build a model of the entire system.  For

example: the lesson plan entitled, “Too Cool for School” is just one bit of scientific evidence on which a model for climate change is built, but many more pieces of the puzzle are necessary in order for scientists to get an accurate model of what is happening.  

Scientists are presently doing experimentation on what will happen if ocean temperatures increase, glaciers melt, ocean currents change, etc.  This information will add additional pieces to the climate change model.

Developing Models – 
Ancient Code Containers Teacher Key

Data Table – Ancient Code Containers
	Number of Container
	Shape within Container
	Possible Letter(s)

	Answers will vary
	Answers will vary
	Answers will vary

	
	
	

	
	
	

	
	
	

	
	
	


Developing Models – Code Master Key
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Ancient Code Overhead Transparency



Developing Models – 
Finger Maze Student Sheet

Finger Maze

Data Table
	Trial 1
	Trial 2

	Tally of Mistakes
	Tally of Mistakes


Questions for Thought:
1. How many mistakes did your partner make during Trial 1 through the maze?

2. How many mistakes did your partner make during Trial 2 through the maze?

3. How do you explain the difference in the number of mistakes between Trial 1 and Trial 2?

4. How does the finger maze exercise relate to the process of building a scientific model?

5. What might be some ways that scientists use experimentation (trial and error) to build models for climate change?

Developing Models – 
Ancient Code Containers Student Sheet

	Number of Container
	Shape within Container
	Possible Letter(s)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	
	


Developing Models – 

Finger Maze Student Sheet

Finger Maze

Data Table
	Trial 1
	Trial 2

	Tally of Mistakes
	Tally of Mistakes


Questions for Thought:

1. How many mistakes did your partner make during Trial 1 through the maze?

2. How many mistakes did your partner make during Trial 2 through the maze?

3. How do you explain the difference in the number of mistakes between Trial 1 and Trial 2?

4. How does the finger maze exercise relate to the process of building a scientific model?

5. What might be some ways that scientists use experimentation (trial and error) to build models for climate change?

Developing Models – 

Ancient Code Containers Student Sheet

Data Table – Ancient Code Containers
	Number of Container
	Shape within Container
	Possible Letter(s)
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