
Eric M. Fooks

PHY 690

An Analysis of the Modeling Curriculum for Mechanics with Respect to the NYSED Physics Core Curriculum

Modeling Mechanics NYSED Analysis



     7/28/04      Page: 1

ABSTRACT:


The Modeling Method of High School Physics Instruction is currently receiving attention from high schools and universities alike.  Research shows that students that learn physics in a classroom that uses the Modeling curriculum tend to score much higher and gain a greater conceptual understanding than those taught in a traditional lecture-based classroom.  Many physics teachers and administrations in New York State are interested in the Modeling curriculum, however they do not know if it will correspond to the NYS Physics Core Curriculum.  This paper seeks to give NY teachers a tool to use to determine correspondences between the Core Curriculum and the Modeling Method.  Attached is a spreadsheet that lists each New York State Learning Standard covered for every activity of the mechanics portion of the Modeling Method.  In addition, items required by the NYS Physics Core Curriculum that are missing from the Model Method are identified and alternate activities are suggested. 


The Modeling Method had been under development at Arizona State University for over a decade under David Hestenes.  The Modeling Method is a curriculum based heavily upon Physics Education Research and the results of the Force Concept Inventory.1, 2 The Modeling Method aims to correct many of the conceptual shortcomings of traditional lecture-demonstration method.  The main strength of the Modeling Method is that the course is organized around a small number of powerful scientific models.  The course is based upon the creation, confirmation, and application of these conceptual models in order to make sense of the physics seen in the course.  These models may be applied to more complex systems across many curricular topics, thus making the material in the course more coherent.3  


Understanding what a correct model entails is necessary in order to succeed in using the Modeling Method.  A model is nothing more than a representation of an arrangement of ideas or concepts in a physical setting and its properties.  A model contains systemic arrangements.  This includes the internal parts of the system, environment, and any linkage between these two.  Next, geometric arrangements, like position and configuration are taken into consideration.  Temporal arrangements specify whether there are any changes in state for the model.  This would include functions of time and interaction laws.  This process allows students to create a more accurate organizational tool in which to build their operational definition.  Examples of the instructional and representative tools that for the basis for the Modeling Method are discourse, whiteboards, system schema, motion maps, graphical representations, and Socratic questioning.  


The creation of the Modeling Method included a set of detailed specifications and procedures for both the teacher and student.  (See Tables 1 and 2)  By following these rules, a student will obtain a better understanding of the physical world by constructing and using scientific models in order to describe and explain situations, as well as to predict and control physical phenomena.  This was one goal traditional instruction failed to meet.  The Modeling Method was designed in order to provide students with basic conceptual tools to model physical processes.  These tools, like system schema and motion maps, are specifically useful for mathematical and graphical representations.  The basic models created by the students are to be familiarized with the students to represent the core of the content that will be learned in physics.  The students will validate these models by evaluating the models using empirical data.  By developing all these skills, the students will develop a basic understanding of scientific knowledge.  3
Table 1

	Modeling Method Synopsis:  What to Teach

	· Construct and use scientific models to describe, explain, predict, design, and control physical phenomena

	· Provide basic conceptual tools for modeling objects and processes, including, but not limited to, mathematical, graphical, and diagrammatic representations

	· Acquaint students with the small set of models that are the content core of physics

	· Show how models fit into theories

	· Show how scientific knowledge is validated comparing empirical data

	· Develop skill in all aspects of modeling as the procedural core of scientific knowledge


Model-Centered Instructional Objectives 4
Table 2

	Modeling Method Synopsis:  How to Teach

	· Instruction is put into modeling cycles that actively engage students in model development, evaluation, and application to definite situations

	· Teacher sets the stage for student activities, usually with a demo and class discussion.  Students then meet in small groups to answer a question posed by the teacher

	· Students must present and justify their own answers or those of their group either written or orally

	· Technical term are introduce as the teacher sees fit to reinforce knowledge

	· Teacher guides students through a definite agenda by using Socratic questioning

	· Teacher must be familiar with common student misconceptions as students are asked to describe and defend their beliefs.


Student-Centered Instructional Design 4 

Table 3

	Modeling Curriculum Units

	· Unit 1:  Scientific Thinking in Experimental Settings

	· Unit 2:  Constant Velocity Particle Model

· Objects in Translation With Constant Velocity

	· Unit 3:  Particle Undergoing Uniform Acceleration
· Objects in Linear Translation With Constant Acceleration

	· Unit 4:  Free Particle Model

· Inertia and Interactions

	· Unit 5:  Constant Force Particle Model

· Force As Cause of Acceleration in Linear Translation

	· Unit 6:  Particle Models in Two Dimensions

· Describing and Explaining Translation in a Plane by Combining Free Particle and One-Dimensional Constant Force Particle Models

	· Unit 7:  Energy

· Explaining Particle Translation via Conservation of Energy

	· Unit 8:  Central Force Particle Models 

· Objects in Circular Translation

	· Unit 9:  Impulsive Force Particle Model

· Conservation of Linear Momentum


Units and Models Covered in Modeling Curriculum 5

In order to achieve the maximum success in using the Modeling Method, a teacher must follow the instructional goals set by Hestenes and his colleagues (see Tables 1 and 2).  Instruction is to be set into modeling cycles.  These cycles will actively engage the students in model development, application, and evaluation, thus encouraging both and understanding of the modeling process and skills.  While teaching in the classroom, the teacher prepares the students for the activity.  This is usually done by a demonstration and discussion that draws the students to a common understanding of a question or topic.  Afterwards, the students form small groups, plan, and conduct the experiment in order to answer or refine the question or topic.  Finally, the students present and justify their answers to either the class or teacher.  They are responsible for both the formulation of the model and its validation due to comparison of empirical data.  During this entire process, the teacher acts as a facilitator.  This entails the teacher to guide the students’ inquiry and discussion using Socratic questioning.  The teacher must be prepared to address student misconceptions and introduce technical terms and representations in order to better focus models and activities.3  


There has been much Physics Education Research (PER) comparing the Modeling Method to traditional teaching methods.1 To summarize the results of many different researchers, the achievements of students in modeling courses on objective conceptual instruments of simple physical skills is much higher than students enrolled in traditional curricula are.  The traditional instruction results are uniformly poor for all teachers, despite for their instructional prowess.  Results like these show us that instructional methodology is far more important than teacher proficiency.  For a further analysis of the discrepancies between Modeling and traditional methods, see Hake et al 1 and 

Hestenes et al.5


This curriculum may be able to help NYS teachers with a problem they are currently facing.  The NYS Physics Core Curriculum has recently changed, and as a result, there has been a reformatting of the Regents physics exam (To view the new NYSED Core Curriculum see http://www.emsc.nysed.gov/ciai/mst/pub/phycoresci.pdf).  After the curricular reformatting, Regents exam questions have became more conceptual and less reliant on formulas.  In addition, students were being asked to create a laboratory procedure to investigate a certain property given a physical situation.  Teachers are finding that their old physics curricula and teaching methods do not fit well with the new Core Curriculum and exam.6  

Some NY schools have taken the drastic step of not offering Regents physics, and instead they offer only AP physics.  A few high schools teach their physics classes under the guidance of a local college or university, therefore offering their students college credits that way.  As a result, many NY students are not enrolled in a Regents physics class, and there has been a decline in many schools in overall physics enrollment.  Instead of eliminating Regents physics courses, NYS teachers can instead try using the Modeling curriculum to instruct their classrooms.  Modeling is particularly strong at addressing such conceptual shortcomings.  The Modeling Method has attained much better success in helping students attain a better understanding of physical concepts and should therefore lead to better test results.  This paper is one of two analyzing both the mechanics and the E & M halves of the Modeling Method (the other paper is available at http://physicsed.buffalostate.edu/pubs/PHY690/Rose2004ModelingEM/).7  Table 6 is a spreadsheet showing the alignment between each worksheet and activity in the curriculum to the Physics Core Curriculum.  Table 6 breaks the Modeling Physics curriculum into each unit and lists each activity in the unit.  For each modeling activity, each Standard met in the Core Curriculum is listed in a column.  In Table 6, a short description of each Standard is provided the first time that Standard is met.  Table 6 organizes these data for easy future use.  These data allow physics teachers to determine when the Modeling curriculum can be used in NYS, and still meet the NYS Regents standards.  Table 6 can also be evidence to show to administrators if you are considering using any specific Modeling activities.   


Part of the job of every NYS teacher is not only covering the Standards specific to his or her content area, but also to examine those that are related.  This means physics teachers should not only focus on Standard 4, which deals specifically with physics requirements, but also Standards 1, 2, 6, and 7.  These Standards deal with mathematical analysis, scientific inquiry, engineering design, information systems, interconnectedness, and interdisciplinary problem solving.  Since these Standards should be covered in other classes as well, we suggest that a physics curriculum should explicitly meet these specific Standards on at least four different occasions in the curriculum.  The Standard, description, and when each Standard was met in the Modeling curriculum can be seen in 

Table 4.  


We believe that the Modeling curriculum does a good job covering the physics needed to satisfy Standard 4.  While examining the curriculum, we found that all of the Standards designated by the mechanics portion of the Core Curriculum were covered at least twice in the curriculum.  I found this interesting since this curriculum was developed at ASU and did not take the NYS Standards into consideration.  There were some topics that were not covered adequately enough to meet our criteria.  We felt that each part of Standard 4 should be covered at least four times, since this is the only class in which the students will have contact with these principles.  The results of our analysis can be seen in Table 5.

Table 4
	Standard
	Description
	Count

	S3.2
	Apply statistical analysis techniques when appropriate 
	3

	T1.1
	Engage in engineering design process
	0

	2.1.2
	Prepare multimedia presentations demonstrating a clear sense of audience and purpose
	2

	2.1.3
	Access, select, collate, and analyze information from a wide range of sources like Internet, libraries, databases, foundations, etc.
	0

	2.1.4
	Utilize electronic networks to share information
	0

	2.2
	Knowledge of the impacts and limitations of information systems is essential to its effective and ethical use
	0

	2.3
	Information technology can have positive and negative impacts on society, depending on how it is used
	0

	6.1.1
	Define boundary conditions when doing systems analysis to determine what influences a system and how it behaves
	3

	6.4.1
	Describe specific instances of how disturbances might affect a systems equilibrium
	3

	6.4.2
	Cite specific examples of how dynamic equilibrium is achieved by equality of change in opposing directions
	1

	6.6
	Determine optimal solutions to problems that can be solved using quantitative methods
	0

	7.1
	Physics and scientific methodology can be used to solve real-world problems on the local, national, and global level
	0

	7.2
	Solving interdisciplinary problems using a variety of skills and tools
	0


Non-Physics Standards not sufficiently covered

Table 5
	Standard
	Description
	Count

	4.4.1iv
	Determine the factors that affect the period of a pendulum
	2

	4.4.1vi
	Recognize and describe conversions among different forms of energy in real or hypothetical devices
	3

	4.4.1vii
	Compare the power developed when the same work is done at different rates
	2

	4.5.1vii
	Sketch the theoretical path of a projectile
	4

	4.5.1ix
	Verify Newton’s Second Law for linear motion
	2

	4.5.1x
	Determine the coefficient of friction for two surfaces
	2

	4.5.1xi
	Verify Newton’s Second Law for uniform circular motion
	2

	4.5.1xii
	Verify conservation of momentum
	2

	4.5.1xiii
	Determine a spring constant
	3


Standard 4 (Physics) principles not sufficiently covered

Many of these Standards could easily be achieved if the Modeling curriculum included a few new activities and lessons.  Many of the non-content Standards seen in Table 3 would be met if a long-term project were included in the curriculum, where the students had to analyze a problem or new technology involving physics and how it affects the country or world.  Simply having the teacher adding supplemental activities or questions to the curriculum could cover many of these Standards.  A teacher can easily edit the worksheets of the Modeling curriculum since the curriculum is available as teacher-editable files, free of charge and freely reproducible from the website.  If the teacher feels that a certain topic was not sufficiently covered, he or she should add another activity or worksheet or simply edit questions to meet their criteria.  For example, this could be the case when dealing with Standard 4.4.1iv (determining the factors that affect the period of a pendulum).  In the Modeling curriculum, this is covered in the first unit, long before it would be covered in most classrooms.  This principle is not dealt with again later in the year.  This can be seen with a few other concepts, as well.  I believe that it is the responsibility of the teacher to adequately adapt a curriculum to better suit the needs of the students, the school circumstances, and the requirements from the state or district.  

An experienced high school physics teacher colleague, Mike, first introduced me to the Modeling curriculum.  Mike has been adapting much of the Modeling curriculum (the mechanics portion) and teaching methods into his classroom for the past few years.  This adaptation has included the use of whiteboards and discourse in class and the use of most models in the curriculum.  Mike stated that even though he has not been to any of the Modeling workshops sponsored by ASU, he has been successful in adapting the Modeling curriculum into a NYS classroom.  He believes that, he would have even more success than he does now if he did receive training at one of the many Modeling workshops available nationwide.  I asked him for his thoughts on the curriculum, and we discussed my Tables.  Mike liked the Modeling curriculum and used many of the tests, worksheets, and activities.  He thought that the tests are very thorough and require the students to truly understand physics.  In general, the questions are good, and they require the students to think.  They discourage rote memorization and dependency on formulas.  On the negative side, students tend to think that the worksheets can be monotonous, so he recommends changing the pace and activities in the classroom regularly.  This will keep students on task and eager to participate.  Also, Mike thought that the labs were lacking, so he often used his own or some made changes to those provided in the curriculum.  In addressing possible weaknesses in the curriculum, Mike stated that he believed that all topics were thoroughly covered in the curriculum, however sometimes topics need to be covered a little more in depth.  His opinions corresponded to my findings.  He believed that the curriculum promotes active learning and succeeds in the goal of promoting conceptual learning and the removal of misconceptions.  This allows the students to learn the concepts underneath the math at a deeper level.  

As it has been seen in PER and firsthand accounts, the Modeling curriculum is a success in states around the country, including New York.5  I evaluated the curriculum using a strict interpretation of the NYS Standards.  Most of the Modeling curriculum corresponds to the NYS Physics Core Curriculum.  A teacher can easily address shortchanged NYS topics within the Modeling curriculum by using very small variations.  Supplemental lessons and assignments are excellent ways to make sure you are meeting every Standard you are aiming to, as well as editing activities within the curriculum.  Table 6 can be shown to NY school administrators to show correspondences between Physics Core Curriculum and the Modeling Instruction for High School Physics.  

Table 6:  Attached Microsoft Excel Spreadsheet (Table6ModelingMechanicsJuly04)
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