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Abstract

The purpose of this paper is to share the results of a one-year study on the achievements in mathematics of 9th grade physical science students who were taught physical science using a modeling curriculum.    The curriculum used was Methods of Physical Science Curriculum and portions of the 1st semester modeling physics curriculum that originated in the Modeling Instruction Program (2006) for high school teachers at Arizona State University.  The students were assessed using the Math Concepts Inventory1 (MCI) at the beginning and the end of the school year.  The students were also asked to take a survey on their readiness to learn math.  This paper will share the findings of this study that look at the gains in mathematics of students enrolled in a modeling curriculum during their freshman year versus their peers in the traditional lecture, quiz, test classroom in which the curriculum was taught from a textbook.

Introduction

AIMS testing forced many schools in Arizona to dispose of 9th grade math as part of their course offerings.  Because the AIMS math test is composed of mostly basic algebra and geometry concepts, high schools across the state began enrolling freshman students who did not have honors algebra in 8th grade into 9th grade algebra I.  Since the AIMS math test is administered at the end of the sophomore year, schools have two years to work toward proficiency.  After a year or so it became apparent that in our 2500+  student body, our freshman algebra classes were experiencing close to 50% failure rates in first year algebra.  Because of this sizeable failure rate, our school instituted second year algebra one and began using the program known as ALEKS2 (Assessment and Learning in Knowledge Spaces).  As a modeling teacher, I immediately hypothesized that if modeling science were to be taught along with first year 9th grade algebra then many students would probably begin achieving in math and on standardized tests at higher levels.  Most students were having trouble with the tasks from the higher levels of the cognitive domain, primarily application and analysis, etc. that required the use of recently taught concepts.  In my regular modeling physics class, one of the first labs I do with students is the density lab using blocks of wood and aluminum.  It was the rare student in each class who recognized that I was having them find the density by finding the slope of the mass versus volume graph.  This realization was telling to me.   It meant that students had never really been asked to apply simple algebra 1 concepts in real situations.  Most of these students come into physics I with very high grade point averages and are considered the brightest in the school, yet their science and math application skills are minimal in many cases.  The popularity of modeling physics has grown at our school, but I still start off the year spending more time than I should on labs like the density lab.  This means that students are not mastering basic science methods in previous courses.  

At the beginning of the 2005 -2006 school year, I asked my principal for a physical science class to teach during my preparation period.  Our curriculum for physical science mandated that we teach one semester of physics and one semester of chemistry to these 9th grade students.  The textbook for the course as approved by our school board is Physical Science by McLaughlin/Thomson (1999).   I did not use the textbook but instead, used portions of the Methods of Physical Science (MPS) and semester 1 Mechanics curriculum to put together a course for my students (Modeling Workshop Project 2002).  I tested these students at the beginning of the year using the Math Concepts Inventory (MCI) as a pretest.  I also tested five other sections of physical science taught by two different teachers at the beginning of the year.  All students were again tested using the MCI at the end of the year as a posttest and given a survey about their readiness to learn math.  The class I started with in August of 2005 lost approximately one-third of the students at the start of the new semester.  These students were replaced by other students from other physical science sections and two new students to the school.  These eight students were not taught any materials from the MPS curriculum.

Area of Focus Statement
The purpose of this study is to annotate the effects of modeling based physical science with 1st year algebra, 9th grade physical science students on their mathematics achievement.  This area of focus was to satisfy two theories of mine.  First, that if students are taught from a modeling science curriculum they will be applying and reinforcing the concepts learned in algebra 1 because modeling requires students to construct the mathematical models they need.  This would undoubtedly lead to greater success in algebra. Second, physical science at our school is indiscriminate at best, from teacher to teacher.  Some teachers still feel the need to cover every chapter in the text.  Students leave these classes with almost no classroom scientific skills, no basic comprehensive knowledge concerning the nature of matter and no understanding concerning the motion of objects.  These shortcomings should not be overlooked by our department or our administration.  Coincidently, in the upcoming school year our department is being asked to develop a 9th grade science class for students who will not be tracking into 9th grade biology.  This action research project provides proof that a change needs to be made and a solution implemented to relinquish the dismal outcomes students have experienced in the past.

Research Questions

1. What is the effect of a modeling physical science curriculum on the mathematics skills of 9th grade physical science students?

2. Which areas in mathematics did the students see the most gains?  Which areas in mathematics were unchanged or saw decreases in performance?

3. How do students perceive science as helping them achieve in math classes?

Review of Related Literature

For more than 30 years, a healthy discussion has been on going about several different aspects of human learning.  Started by Jean Piaget and still being mostly “talked about” by many high school educators is the great difference between students being Concrete Operational and Formal Operational in their thinking.  Hestenes (1979) posits that most “American high school students reason at the concrete level.”  Because of this, Hestenes correctly points out that succeeding in high school algebra becomes a game of memorization for most students, who end up not really having a solid understanding of the math they are being asked to use.  Their failure in algebra is magnified as they move up the “math chain” to geometry and high school calculus.  My experience with high school calculus students is that their failures result from a poor understanding of basic algebra. More than twenty five years ago Rosnick and Clement (1980) observed that “large numbers of students were slipping through their education with good grades and little learning.”  This problem was highlighted in a study of 150 college freshman engineering students by Niaz (1989).   Niaz’ study found that students who lacked formal operational reasoning “experienced greater difficulty in translations of algebraic equations.”  Niaz felt that for students to overcome such errors, they needed to practice through experimentation and data collection. Although he does not say it, I believe Niaz was referring to a more constructivist type of learning for students; in other words, modeling.

True modeling as Hestenes lectures (1993) “focuses on essential factors and organizes complex information for scientists to build models which can be analyzed, validated and deployed.”  This is what Niaz wanted his students to be able to do.  In his paper, Lawson (2000) researches this issue of human acquired knowledge and concludes that “instructional tasks should allow students to generate and test ideas”.  He also recommends that teachers “help students develop skills in using if/then/therefore thinking at the highest level, the level of scientific thought.”  I believe that Lawson’s research supports modeling in the high school classroom because it is a natural human way to acquire information.  

The problem that remains, as Hestenes (1993) states, is “elementary math and science curricula suffer most seriously from a failure to make modeling the central theme as well as failure to identify basic models with many significant applications.  Consequently, instruction is often fragmented and haphazard:  students practice counting, computing and measuring without purpose.”  This lack of modeling remains the biggest problem in most science and math classrooms today.  Teachers hold the textbook in front of them, lecture from behind the text and assign reading and questions from the text.  Maybe the students perform a “canned” lab experiment where they follow the steps and answer a few questions that pertain to the material.  There is no story line for students to build upon.  Math is used sparingly and piecemeal in many high school science classes, and thus students make no connection between the two.  How could any high school physics or chemistry teacher expect incoming students to have any formal scientific skills, any if/then/therefore thinking or any applicable math skills, if they have never been exposed to the type of tasks that require such thinking?

Besides modeling classrooms that are popping up in many places and schools that have embraced the Physics First Curriculum (Sheppard and Robbins 2005), there are others who are emphasizing integrated math and science.  Schmitt and Horton (2003), teachers at a private academy in Santa Rosa, Caifornia, have developed a four-year program called SMATH.  In their program algebra and physics go hand in hand for 9th grade students.  They use a “just in time approach” to teaching the math as it is called for in the science curriculum.  Although it is not perfect, it is better than what most public high schools are doing currently.  Schmitt and Horton say they expect students to score higher on standardized tests, but they offer no statistics.   What modeling offers is a way to do the same thing as Schmitt and Horton.  The data that follows shows that students can post achievements in algebra when they are enrolled in a modeling science class.  

The Curriculum

The curriculum used in this study came from the modeling instruction program participant courseware.  Semester I used the Models of Physical Science courseware with a few changes in the timing of some of the sections (see Attachment 1).  Unit 1.3 was eliminated as it would be used in second semester.  Portions of the 1st semester mechanics curriculum served as the core for the second semester.  It included types of relationships that students could expect to encounter, all of unit 2, unit 3, a good portion of unit 4, concepts and materials concerning horizontal projectiles, qualitative force diagrams, qualitative concepts and materials concerning energy, Hooke’s Law, kinetic and potential energy and of course, pie charts, bar graphs, and system schemas to determine qualitative energy transfers into and out of accounts.

Students were very receptive to the curriculum and many would often ask “when are we going to do another lab?”  White boarding was a “big hit” with the students and was used in all aspects of the course from board meetings, where students shared lab results and for worksheet problems.  Students who were in the class a full year had an almost completely filled laboratory notebook by the end of the second semester.  It was interesting for me to note that as my students worked through these materials, my colleagues had “covered” close to 26 chapters from the text book! Semester 1 for their students consisted of matter classification, atomic structure, the periodic table, writing chemical formulas, balancing equations, types of chemical reactions, acids and bases and even a little organic chemistry. Their students went through an entire physics curriculum that included mechanics, dynamics, Newton’s Laws, simple machines, energy, heat, optics, electricity, magnetism and nuclear physics.   They were given lists of formulas to memorize for quizzes and tests.  An interesting side note was in comparison with my colleagues, I had a lower failure rate for the class.  My class suffered only two failures during second semester, while most of the other physical science classes suffered 20 to 30 percent failure rates.  The instructional goals from the units used follow in the order they were introduced to students.  Some units were shortened and many of the units from the mechanics curriculum focused only on qualitative aspects of the unit. (See attachment 1).

Data
· Surveys – Students were given a short survey to provide insight into their views about math in their lives (Attachment 2).  The survey was administered at the same time as the MCI post-test (May 2006).  This survey focused on their belief as to whether they could learn math if they tried hard enough, if they believed math was relevant in their lives, if studying math was a satisfying experience and finally if studying science helped them in their study of math.  This short survey was modeled in part after the VASS (Halloun 2001), from the readiness to learn portion of that instrument.  

· MCI – The Math Concepts Inventory – This inventory was based on an instrument developed by the Physics Underpinnings Action Research Team from Arizona State University (2000).  The first eight questions of this inventory were taken from Lawson’s Classroom Test of Scientific Reasoning (Lawson 2000).  105 high school freshmen were administered the Math Concepts Inventory at the beginning of the school year.  The same test was again administered at the end of the year to 103 high school freshman.  The Math Concepts Inventory is a 23-question test which covers basic math concepts that include aspects of scientific and mathematical reasoning, proportional reasoning, variable identification, data analysis, graphical interpretation, slope of a line, equations of straight lines, direct variations, averaging, measuring, estimating and calculating volume.  

Data Analysis and Interpretation

The following analysis emerged from the survey and the test administration.

Student Survey

In my study I used a survey that required students to circle a number between 1 and 5 that corresponded to how students felt about the statements in the survey (5 = strongly agreed and 1 = strongly disagreed).  103 students participated in the survey.  25 of these students were from my physical science class and have been broken out as “Deakin” while the students from the other classes are listed as ‘Controls.”  Percentages are given in the table below.  

	
	Deakin

5-4
	Deakin

3
	Deakin

2-1
	Controls

5-4
	Controls 

3
	Controls

2-1

	1.  Mathematics is learnable by anyone willing to make the effort not just a few talented people.
	88%
	4%
	8%
	75%
	15%
	10%

	2.  Achievement in math depends more on personal effort rather than the teacher or text book.
	36%
	40%
	24%
	40%
	38%
	22%

	3.  Math is relevant to everyone’s daily life
	72%
	24%
	4%
	67%
	24%
	9%

	4.  Studying math is an enjoyable and a self-satisfying experience
	12%
	40%
	48%
	19%
	26%
	55%

	5.  Science classes have helped me become a better math student.
	44%
	44%
	12%
	22%
	40%
	38%


Percentages for the survey are consistent for the first four statements.  Students in general seem to feel the same about math no matter what science class they are enrolled in.  The second statement may indicate that nearly a fourth of students believe that the teacher and /or text can make an impact on the ability of a student to learn math.  Deeper research may show that this could also point to curriculum followed by the teacher.  Statement 4 was the only statement where many students showed emotion by just not circling the number 1 for strongly disagree, but actually circling and highlighting the word strongly disagree.  Note that 50% do not enjoy studying math.  Statement 5 showed the greatest difference between my students and the others.  Clearly, a larger majority (44% as compared to 22%) did feel that their science class was making a difference in their study of math.  The data shows that many non-modeling students (38%) felt their science class did not help them at all in their math class.  Observe that only 12% of modeling students felt this way.

Math Concepts Inventory

The table below indicates the average score on the MCI for both pre- and posttest data.   Although I surveyed 25 modeling students for their readiness to learn math, two of those students were non-English speaking transfers to the school during the second semester and were not tested at the beginning of the year, so their scores for the MCI were left out.  Eight students transferred into my physical science class at the beginning of second semester.  These students were from the other physical science classes that I used as controls.  Ten of my original students either moved from the district or transferred out of the class and into another class.  The eight students who transferred in had taken the MCI pretest in another class.  These 8 transfer students are listed as “Deakin part-year” in the table below.  The students who were in the class for the full year are listed as “Deakin all-year”.

	
	MCI pretest

Deakin
	MCI pretest

Controls
	MCI post-test

Deakin
	MCI post-test

Controls
	MCI post-test

Deakin 

all-year
	MCI post-test 

Deakin 

part-year

	Average score
	42.8%
	41.7%
	57.6%
	44.8%
	58.3%
	55.2%


All the students tested were enrolled in algebra 1 and had a variety of different math teachers.  No students were second year math students and no students were enrolled in honors algebra.  Pre-test data shows no significant difference between my students and the controls. Students in the control group show a 3.1% gain while my students show a 15.5% gain overall.  Even part year students posted a larger gain (13.5%) than the other classes.  This difference is due to the heavy emphasis on linear equations, slope, y–intercepts, etc. from the mechanics curriculum that students used in the second semester.

A deeper analysis was conducted of gains made on the individual questions.  My students made gains on all questions to some extent.  Note that in the following table, percentages are being given as percent wrong and are being compared to the average MCI pre-test score for the Controls as there was statistically no difference in the scores between Deakin MCI pre-test and Control MCI pre-test.  This paper analyzes the more dramatic gains made by my students.

	Question number
	MCI pretest

all students (% wrong)
	MCI post-test Controls (% wrong)
	MCI post-test Deakin (%wrong)

	1
	30.7
	26.8
	20.8

	2
	31.5
	31.2
	20.8

	3
	61.3
	50
	37.5

	4
	60.1
	52.2
	45.8

	5
	89.8
	87.7
	87.5

	6
	86.3
	85.5
	79.2

	7
	61.9
	59.4
	37.5

	8
	71.4
	56.5
	45.8

	9
	44.6
	37.7
	25

	10
	45.2
	37.6
	33

	11
	21.4
	17.4
	4.2

	12
	84.1
	81.2
	70.8

	13
	38.6
	36.2
	29.2

	14
	42.2
	44.9
	37.2

	15
	75
	64.5
	33.3

	16
	65.5
	83.3
	54.2

	17
	39.2
	42
	29.2

	18
	66
	55.8
	20.8

	19
	94
	94.2
	75

	20
	77.3
	75.4
	66.7

	21
	43.4
	33.3
	16.7

	22
	83.9
	69.6
	58.3

	23
	53.6
	50
	37.5


Results

The following discussion centers on reasons for the better performance on the test by modeling students.

Questions 3 and 4 are questions taken from Lawson’s Classroom test of Scientific Reasoning (2000). Although both groups improved on this question, modeling students had a much more dramatic change.  Modeling students completed the volume of solids by displacement activity (MPS unit 1.5 activity 3) and density of solids activity (MPS Unit 2.2 activity 2) where students practiced finding the volume of solids by water displacement.  Although the Controls were introduced to the concepts of mass and volume, 50% still have misconceptions about this concept and failed to master true meaning of the ideas of volume and mass.  The difference between the two groups is evidence that tasks which target misconceptions do change student beliefs.

Questions 7 and 8 are also questions taken from Lawson (2000).  Question 7 shows an improvement by modeling students of 24.4% and question 8 a change of 26%.  I attribute the large gains made by modeling students to the fact that students completed the pendulum lab from the “methods of scientific thinking” unit of the mechanics curriculum.  This lab focuses students on variable identification and control of variables which is related to the concepts required to answer the question correctly.  Close to 60% of the Control group can not answer this question correctly.

Questions 9, 10 and 11 also show significant gains as compared to the control group.   These questions are similar to questions students encounter on the AIMS math test.  In question 9 students were required to choose the correct linear relationship.  Only 25% of the modeling students missed this question, while nearly 38% of the others did.  On question 10 students were shown a distance versus speed graph.  I had never exposed them to this particular graph, yet modeling students showed a 12.2% gain, which most likely resulted from practical applications and whiteboard questioning on how to read and interpret graphs throughout the course.  Question 11 is a fairly easy question that asks students to extrapolate using the given graph.  One-fifth of the students get this question wrong on the pre-test and the results do not change that much for the Control group on the post-test. The modeling students show a very large gain (17.2%) in applying this skill.  I believe these results can be attributed to the application of graphs as models from which predictions can be made, an essential skill taught in the modeling course.

Modeling students post nearly a 14% gain on question 12; 70% got this question wrong, but more than 80% of the control group answered incorrectly.  Students did make mistakes of this sort when practicing with stacks of graphs.  I believe that I probably should have made a concerted effort to ensure that students understood that a graph like this is meaningless, to make sure that students understand they cannot go back in time on a graph.  More oversight and discussion during whiteboarding by the instructor would correct this type of error.

Both groups show an increase in understanding on question 15, but the modeling students post a 42% gain versus 10% for the others.  The skill required for this question must come from the use of motion maps during the mechanics portion of the class.  Only modeling students would be exposed to this type of mathematical reasoning, which explains the significant increase in understanding among the modelers.

Question 18 also shows a tremendous gain for the modeling students.  Modeling students were exposed to graphing and best fit lines in every unit of the course.  In interviews with a few of my students, most stated they drew a best-fit line, used the general equation y = mx +b, then plugged in the y-intercept and the slope.  The fact that after a year of Algebra 1, 55% of the control group gets this question wrong shows that traditional instruction is failing to provide results.  This question is a released AIMS math question taken from the 8th grade math test.

The results of question 19 are also dismal.  94% of the control group and 75% of the modelers got this question wrong.  Although the modelers post a nearly 20% gain, I would have expected it to be a little higher as we did spend a great deal of time on similar questions.  Again, the curriculum has the right materials available so I suspect this is a failure to ensure misconceptions are eliminated.

Questions 21 through 23 also show substantial gains by the modeling students.  Of course, all deal with graphs that students would be exposed to through the second semester and I would expect large gains for the students.  Non-modeling students would probably not be exposed to the slope of line as the speed of the object, so most would not know how to find the answer for question 22.  In their algebra classes they are not exposed to the idea that slope can have actual meaning.  I certainly expected a higher gain for the modeling students.  Interviews with a few modeling students who got the question wrong told me they knew what to do but calculated the slope improperly.  This tells me that they had a solid understanding about what to do, but the simple math skills needed to arrive at the correct answer are weak for these students.  Finding the slope of the line requires coordinate identification on a graph, employment of the slope formula, subtraction and division.  Most teachers would expect that students at the end of a full instructional year in algebra could complete these tasks.  

Questions 5 and 6 (also from Lawson 2000) show no considerable gains for either group.  Both questions test the proportional reasoning abilities of students.  I believe that this question is a good discriminator as to whether a student is concrete operational or formal operational in their thinking.  In a casual interview with five 9th grade honors geometry students, all were able to answer these questions correctly.  One of these students asked me why the question just did not come straight out and ask “how they were proportional to each other”.  In retrospect, this skill is not addressed in the modeling curriculum I used and this indicates some room for improvement in the curriculum materials.

Overall, modeling students performed at a much higher level than their peers in non-modeling science classrooms.  

Action Plan

Based on the results of this study, it is my intention to alert my science colleagues, math colleagues and school administration to the problem of non-modeling science classrooms.  As educators, it should be the students’ best interest that drives the curriculum we choose for students.  The survey results show that a good portion of the modeling students believed that science class was helping them in their math class.  It also shows that many students do not find math to be a satisfying experience.  The gains made on the MCI in every category except the proportional reasoning questions show that a modeling based physical science curriculum supports student success in mathematics; namely basic algebra applications.  Since the modeling curriculum directly correlates with the Arizona Science Standards and it integrates with Algebra 1, it is a natural choice for schools that are planning new courses for science due to the pressure of AIMS.  At this point the School Effectiveness Division at the Arizona Department of Education has said that approximately 45% of the questions on the science AIMS will be life science knowledge questions; the remainder will be centered on strands 1, 2 and 3, namely the inquiry process and the history and nature of science.  A 9th grade physical science modeling curriculum which is Inquiry in its best form (Hestenes 1999) is the best option for those students who do not track into 9th grade biology and who have an already harder time in Algebra 1.  They could leave the 9th grade with science skills they can apply in 10th grade biology and with a better than 50-50 chance at passing Algebra 1.

At the same time, it would be wise to develop a formal, full year modeling curriculum for 9th grade physical science.  The current Methods of Physical Science Curriculum takes about 1 semester to teach.  A full year Methods of Physical Science curriculum for 9th grade students will ensure that students are ready for 10th grade biology and provide an integrated curriculum with Algebra 1. 

[Editor’s note: a second semester physical science modeling workshop was piloted in summer 2007 at ASU. By the end of summer 2008, model-based instructional materials will be posted on the modeling website. J Jackson]

Endnotes

1. The Math Concepts Inventory is based on an instrument developed by the Physics Underpinnings Action Research Team; Arizona State University; June, 2000.

2. ALEKS – Assessment and Learning in Knowledge Spaces - is an artificial intelligence based system for individualized math learning available over the world-wide web.  It is commercially available to individuals and schools.

3. Science Survey was a course created at our school for ninth grade students who did not know what science to enroll in or for academically challenged students.  Each quarter the students change teachers and survey a new branch of science.  The branches of science consisted of earth, biology, ecology and physical.  Although the course satisfies ADE requirements for high school graduation, this course does not meet the requirements as a lab science for most colleges.
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Attachment 1

Unit I - Geometric Properties of Matter

Instructional Goals

1.1 Fundamentals of measurement

· Develop an operational definition for the length of an object.
· Select appropriate measuring devices.

· Use the SI units to express length for the appropriate device.

· Collect and organize data into a table.

· Apply dimensional analysis for the appropriate unit conversion

· Consider accuracy of measuring device and express in appropriate value (digits)

1.2 Comparing lengths graphically

· Create and interpret a graph from a table of data

· Determine the best fit line for a graph of data points

· From the units for the slope of a linear graph, describe its physical meaning. 

· Derive a mathematical model from a graphical representation

1.4 Measurement of area

· Develop an operational definition for the area of a surface.
· Determine area of a surface using a standard square.

· Use appropriate SI units for area

· Linearize area vs radius graph; slope of A vs r2 graph = 


· Develop mathematical models to calculate area (A = l·w ; A = 1/2 b·h ; A = π·r2)

1.5 Measurement of volume

· Develop an operational definition for the volume of an object.
· Given a regular solid object, determine its volume by measuring lengths and using the mathematical models (V = l·w·h, V=A·h, V=4/3 π·r3).

· Given an irregular solid, determine its volume by water displacement.

· Relate the various units (mL, cm3, and m3 ) for volume.

· Graph the relationship between the volume and height of an object.

· Given a graph of the volume versus the height of an object, predict the shape of the object.

Unit 2 - Physical Properties of Matter

Instructional Goals

2.1 How much stuff (a comparison of mass)

· Use an equal-arm or double-pan balance to compare amounts of matter.
· Define mass as measure of atomic “stuff”.

· Use the SI units to express mass of various objects.

· Develop a sense for the limit of precision of a balance.

· Organize and interpret data from a histogram. 

· Consider accuracy of measuring device and express in appropriate value (digits)

· Develop, from experimental evidence, the law of conservation of system mass.

2.2 Density as a characteristic property of matter

· Define density as the mass of a unit of volume (1 cm3)

· Given a graph of mass vs volume of a substance, relate the slope to the density of the materials. 

· Recognize that density is a characteristic property of matter (i.e., it can be used to help identify an unknown substance).
· Apply dimensional analysis for the appropriate unit conversions.Practice skill of determining volume by water displacement.
· Use density as a conversion ratio between mass and volume and apply this to quantitative problems.

· Use differences in density of solids, liquids and gases as evidence for differences in the structure of matter in these phases.

Unit 3 – Atomic Model of Matter

Instructional Goals

3.1 Introduce atomic model - solids, liquids & gases

•
Visualize matter as composed of tiny BB-like particles (molecules).

•
Determine the upper limit for the size of the molecules that make up a sample of matter.

•
Recognize that differences in density are due to different kinds of molecules (with roughly the same size) rather than by greatly different numbers of them in a sample.

•
Relate the macroscopic properties of solids, liquids and gases to the physical arrangement of the molecules that make up the sample, and the attractions between them.

3.2 Energy and the state of matter

•
Recognize that molecules attract at large distances and repel at short distances; at some distance, d, these forces balance out.

•
Explain temperature in terms of the random thermal motion of the molecules that make up a sample of matter.

•
Explain how a standard alcohol thermometer measures a value for a system’s temperature.

· Describe energy in terms of storage modes. 

· Kinetic energy related to thermal motion (from unit 1).

· Interaction energy (a.k.a – potential energy) related to attractions between molecules.

· Describe energy in terms of transfer mechanisms (primary focus is heating).

· Develop representational tools to describe energy storage and transfer (pie charts, bar charts, and temperature time graphs). 

· Describe phase changes such as melting-freezing and vaporizing-condensing in terms of the attractions between molecules and energy transfers.

UNIT I:  Scientific Thinking in Experimental Settings

Instructional Goals

1.
Experimental design


Build a qualitative model 


Identify and classify variables


Make tentative qualititative predictions about the relationship between variables

2.
Data Collection


Select appropriate measuring devices


Consider accuracy of measuring device and significant figures


Maximize range of data

3.
Mathematical Modeling


Learn to use Graphical Analysis  (Vernier) software


Develop linear relationships


Relate mathematical and graphical expressions.


Validate pendulum model

4.
Lab Report


Present and defend interpretations.


Write a coherent report  (See Appendix for suggested format.)

UNIT II: PARTICLE MOVING WITH 

CONSTANT VELOCITY

Instructional goals
1.  Reference frame, position and trajectory


Choose origin and positive direction for a system


Define motion relative to frame of reference


Distinguish between vectorial and scalar concepts 



(displacement vs distance, velocity vs speed)

2.  Particle Model


Kinematical properties (position and velocity) and laws of motion


Derive the following relationships from position vs time graphs 






3.
Multiple representations of behavior


Introduce use of motion map and vectors


Relate graphical, algebraic and diagrammatic representations.

4.
Dimensions and units


Use appropriate units for kinematical properties


Dimensional analysis

UNIT III- UNIFORMLY ACCELERATING

PARTICLE MODEL

INSTRUCTIONAL GOALS
1.
Concepts of acceleration, average vs instantaneous velocity


Contrast graphs of objects undergoing constant velocity and constant acceleration


Define instantaneous velocity (slope of tangent to curve in x vs t graph)


Distinguish between instantaneous and average velocity


Define acceleration, including its vector nature


Motion map now includes acceleration vectors

2.
Multiple representations (graphical, algebraic, diagrammatic)



Introduce stack of kinematic curves



position vs. time (slope of tangent = instantaneous velocity)



velocity vs. time (slope = acceleration, area under curve = change in position)



acceleration vs. time (area under curve = change in velocity)


Relate various expressions

3.
Uniformly Accelerating Particle model


Domain and kinematical properties


Derive the following relationships from x vs t and v vs t graphs
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Eq. 1
definition of average acceleration


[image: image2.wmf]


            Eq. 2   linear equation for a v-t graph


[image: image3.wmf]


Eq. 3
generalized equation for any ti to tf interval

      
[image: image4.wmf] 

Eq. 4
parabolic equation for an x-t graph

4. Analysis of free fall

UNIT IV:  Free Particle Model

Inertia and Interactions

Instructional Goals

1.
Newton's 1st law (Galileo's thought experiment)


Develop notion that a force is required to change velocity, not to produce motion


Constant velocity does not require an explanation.

2.
Force concept


View force as an interaction between and agent and an object


Choose system to include objects, not agents


Express Newton's 3rd law in terms of paired forces (agent-object notation)

3.
Force diagrams 


Correctly represent forces as vectors originating on object (point particle)


Use the superposition principle to show that the net force is the vector sum of the forces

4.
Statics


∑F = 0 produces same effect as no force acting on object


Decomposition of vectors into components

UNIT VI:  2-D Particle Models
Instructional Goals
1.  Free Fall


define free fall as motion when the only force acting on the object is gravity


revisit 1-D accelerated motion (now in y-direction) 

2.
Projectile Motion (application of two particle models)

 
extend 1-D math models of accelerated motion to 2-D projectile motion


describe projectile motion as the simultaneous occurrence of two 1-D motions

UNIT VII - ENERGY

 (WITH LESS WORK)
Instructional Goals 

1.
View energy interactions in terms of transfer and storage


Develop concept of relationship among kinetic, potential & internal energy as modes of energy storage



emphasis on various tools (especially pie charts) to represent energy storage



apply conservation of energy to mechanical systems

2.
Variable force of spring model (see lab notes: spring-stretching lab)


Interpret graphical models



area under curve on F vs x graph is defined as elastic energy stored in spring


Develop mathematical models



 F = kx 






3.
Develop concept of working as energy transfer mechanism


Introduce conservation of energy



focus on 

 in this unit


Working is the transfer of energy into or out of a system by means of an external force. The energy transferred, W is computed by 




the area under an F-x graph, where F is the force transferring energy.


Energy bar graphs and system schema represent the relationship between energy transfer and storage

Attachment 2

Math Survey

Name _______________________

Grade ____________

Current Math Class ____________________

Name of Math Class you had last year _______________

Directions:  Read each statement below and circle the number that best expresses how you feel about each statement.  5 = strongly agree, 3 = somewhat agree and 1 = strongly disagree.

Mathematics is learnable by anyone willing to make the effort not just a few talented people.

Strongly agree
5
4
3
2
1
strongly disagree

Achievement in math depends more on personal effort rather then the teacher or textbook.

Strongly agree
5
4
3
2
1
strongly disagree

Math is relevant to everyone’s daily life.

Strongly agree
5
4
3
2
1
strongly disagree

Studying math is an enjoyable and self-satisfying experience.

Strongly agree
5
4
3
2
1
strongly disagree

Science classes have helped me become a better math student.

Strongly agree
5
4
3
2
1
strongly disagree
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