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Modeling Instruction in Physics  

(Electricity & Magnetism) 

(2 Week AMTA Workshop) 

EDUO 9569:1 – 4 Graduate-Level Credits 

 

 

 

Course Overview: 
 

The Modeling Instruction in Physics (Electricity & Magnetism) is designed to train current and 

future teachers in the use of Modeling Instruction in a high school Physics course. This course 

focuses specifically on Electricity and Magnetism.  Modeling Instruction organizes each course 

around a small number of scientific models that form the content core of the discipline, thus 

making the course coherent.  

. 

 

Course Description: 
 

The focus of this workshop is Microscopic Models in Electricity and Magnetism. There are 3 

units in electricity: Charge and Field, Potential, and Circuits. The circuit unit is unique at high 

school level, as it leads students through surface charge as the mechanism for setting up different 

strength fields in conductors of circuits. The magnetism unit begins by investigating the field of a 

current-bearing wire, then fields of permanent magnets, then force on a particle in a field, then 

force on a current-bearing wire in a field, and then electromagnetic induction and Faraday's Law.  

 

The main objective of the Modeling Method course is to acquaint teachers with all aspects of the 

modeling method and develop some skill in implementation. To that end, teachers are provided 

with a thorough set of written curriculum materials to support instruction organized into coherent 

modeling cycles. The physical materials and experiments in the curriculum are simple and quite 

standard, already available in any reasonably equipped biology classroom.  
 

To develop familiarity with the materials necessary to fully implement the curriculum in the 

classroom, we find that teachers must work through the activities, discussions and worksheets 



 

2 

   

while alternating between student and teacher modes. Each of the units in the course manual 

includes an extensive Teacher Notes section. Throughout the course, teachers are asked to reflect 

on their practice and how they might apply the techniques they have learned in the course to their 

own classes.  
 

 

 

Course Content & NGSS Standards 
 

NGSS Science and Engineering Practices 

1. Asking questions (for science) and defining problems (for engineering)  

2. Developing and using models  

3. Planning and carrying out investigations  

4. Analyzing and interpreting data  

5. Using mathematics and computational thinking  

6. Constructing explanations (for science) and designing solutions (for engineering)  

7. Engaging in argument from evidence  

8. Obtaining, evaluating, and communicating information 

 

 

Unit 1: Charge and field.  We will study of electric charge and the different methods of charging 

matter electrically.  We will also include the relationships for the force between two charged 

particles.  We finish by defining the electric field, investigating the electric field produced by 

charged particles and collections of charged particles, and determining the force on a charged 

object by a field. 

Unit 2: Potential.  In this unit we study the concepts of electrical energy and electric potential.  This 

includes the making of topographic maps to help develop an understanding of equipotential lines.  

Additionally, we will study how energy moves into or out of an electric field when a charged 

particle is moved in the field, along with whether or not the object has been moved through a 

change in potential (potential difference).     

 

Unit 3: Circuits.  The circuit unit begins by developing the surface charge model.   We will continue 

to use the concept of the electric field but now we will relate it to circuit behavior.  We then 

experimentally determine the relationship of potential difference and current for a circuit after 

which we move into the investigation of circuits with series and parallel resistors.   

Unit 4: Magnetism.  The magnetism unit begins with an investigation of the magnetic field around a 

current bearing wire after which we look at the fields of permanent magnets.  We then delve into 

the magnetic force on a charged particle and the on a current bearing wire.  A motor will be 

made taking advantage of this force.  We will study the behavior of charged particles in both 

magnetic and electric fields.  We finish the unit with the study of electromagnetic induction.  

Faraday’s Law is studied both conceptually and mathematically. 
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COURSE REQUIREMENTS: 

 

Course Notebook.  (50%) 
 
Participants are expected to record notes pertaining to everything that they do. 

   

Calculations. (5%) 

Work out all problems and questions on the worksheets and insert them into your 3-ring binder.  

 

Participation (10% of course grade) 

Participate actively and thoughtfully in lab whiteboarding sessions, discussion of readings, 

activities, and problem-solving whiteboarding.  

 

Reading/Reflection (10%) 

Read excerpts from the Matter and Interactions textbook by Ruth Chabay and Bruce Sherwood 

and physics education research articles.  For each reading you will be expected to write a one-

half to one-page reaction (not a synopsis) in which you offer your views about the ideas 

discussed in the reading assignment.   

 

Formal Lab Write-up (10%) 

 formal lab write-up for determining the relationship of potential difference and current (Ohm’s 

Law).  

 

Additional Calculations (10%) 

To be assigned during the workshop 

 

Course Reflection Paper (5%) 

Prepare a minimum 2 page reflection of the modeling process with regard to Physics. 
 

 

 

 

Text and Required Reading: 
 

B. Sherwood and R. Chabay, Matter and Interactions, Vol II , Electric and Magnetic Interactions, 

Chapters 14-25. Specific selections in Ch. 15, 18, 19, and 21.  

M. Crofton and many others, Modeling Instruction in High School Physics Teacher’s Manual in 

Electricity and Magnetism. Units 1 – 4, plus supplemental materials. 

R. Cohen, B. Eylon, and U. Ganiel, “Potential difference and current in simple electric circuits: a 

study of students’ concepts”, Am. J. Phys. 51, 407-412 (1983). 
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Course Assessment Rubrics 

  

Final grades will be based on the following percentages: 

A: 90-100%  

B: 80-89% 

C: 70-79% 

F: Less than 70%  

 

Course notebook. (250 points: 50% of course grade) 

225-250 pts = A 200-224 pts = B 175-199 pts = C 0-174 = F 

Participant records all 

labs, activities and 

demonstrations. All 

labs include the pre-

lab, data, evaluation, 

conclusion and post-

lab class 

discussion.  Entries 

include additional 

suggestions for 

implementation. 

Participant is missing a 

few activities and 

demonstrations.  Most of 

each lab has the required 

components but is lacking 

complete notes.  Entries 

include few suggestions 

for implementation. 

Participant is missing 

more than a few 

activities and 

demonstrations.  Labs 

are missing required 

components but is 

lacking complete 

notes.  Entries 

include no 

suggestions for 

implementation. 

Participant 

turns in a very 

incomplete 

notebook. 

 

Read excerpts from the Matter and Interactions textbook by Ruth Chabay and Bruce 

Sherwood and physics education research articles.  For each reading you will be expected to 

write a one-half to one-page reaction (not a synopsis) in which you offer your views about the 

ideas discussed in the reading assignment.  (20 points each: 10% of course grade) 

Rubric is for each individual essay. 

Assessment 

Item 

 

18-20 points 

 

16-17 points  

 

14-15 points  

 

0-13 points  

Relevance 

All statements are 

relevant to the topic 

or bear on the 

question at hand; it 

is obvious the 

excerpt or article 

was read 

All statements 

are relevant to 

the topic or bear 

on the question 

at hand; it is not 

as obvious the 

Paper is more 

of a synopsis 

than a reaction 

Paper was not 

relevant to the 

article of excerpt 

that was to be read  
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excerpt or article 

was read 

Discussion 

Discussion is well-

reasoned and makes 

sense.  Paper shows 

thoughtful 

consideration of 

material 

Fairly good use 

of logic.  Paper 

illustrates less 

thought was put 

into it 

Some 

discussion but 

not a great 

deal of 

thought put 

into it 

Garbled 

discussion  lacks 

logical flow and 

little thought. 

Spelling and 

Punctuation 

Insignificant 

number of 

punctuation errors; 

no spelling errors 

No spelling 

errors, and only 

a few 

punctuation 

errors 

A modest 

number of 

spelling and 

punctuation 

errors 

Numerous spelling 

and/or punctuation 

errors 

Format and 

Appearance 

Uses size 12 font or 

smaller, 1.5 line 

spacing or hand 

written.  Legible if 

hand written.  

Fails to meet 

one of the 

guidelines for 

appropriate font 

size, line 

spacing or 

legibleness 

Fails to meet 

two of the 

guidelines for 

appropriate 

font size, line 

spacing or 

legibleness 

Gross violation of 

format guidelines 

dealing with font 

size,  and line 

spacing; not legible 

Script 

Length 

Over ½ page ½ page Less than ½ 

page 

A few sentences 

Additional Practice 

45-50 points 40-44 points 35-39 points 0-34 points 

Participant records 

reasonable attempts for 

all problems and 

questions on the 

worksheets. 

Participant records reasonable 

attempts for 95% of the 

problems and questions on 

the worksheets. 

Participant records reasonable 

attempts for 90%of the 

problems and questions on 

the worksheets. 

Participant records less 

than 90% of the 

problems and questions 

on the worksheets. 

 


