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Modeling Instruction in Physics  

(Mechanical Waves & Sound) 

(2 Week AMTA Workshop) 

EDUO 9571: 1 – 4 Graduate-Level Credits 

 

 

 

Course Overview: 
 

The Modeling Instruction in Physics (Mechanical Waves & Sound) 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 Mechanical Waves & Sound.  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 Modeling Workshop in to acquaint teachers will all aspects of the modeling 

method specifically regarding mechanical waves and sount.. 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 

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.  
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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: The Oscillating Particle.  

• Develop the model of an oscillating particle, its causal force model, the restoring force, 

along with its kinematical model, simple harmonic motion.  

• Develop graphical and mathematical representations by experimentally studying the 

motion of masses oscillating vertically on springs.  . 

Unit 2: Mechanical Waves in 1-Dimension.  

• Develop a model of a wave being a disturbance propagated through the connected 

particles as they oscillate. 

• Study the behavior of transverse and longitudinal pulses as they move and reflect 

• Use standing waves on a string to experimentally develop the wave velocity equation 

relating frequency and wavelength 

• Experimentally develop the relationship of the velocity of waves on a string and the 

linear density of the string along with the relationship of the velocity and the tension in 

the string. 

Unit 3: Sound.  

• Sound as a pressure wave caused by longitudinally oscillating particles 

• Resonance and factors necessary for it in tubes, on strings and on rods.   

• MBL microphones to study beats, harmonics, pitch and loudness.  

• Doppler effect. 

Unit 4: Mechanical Waves in 2-Dimensions.  

• Reflection, refraction, diffraction and two-slit interference.   

• Use ripple tanks to develop two dimensional behaviors.   

 

 

 

 

COURSE REQUIREMENTS: 
 

Course Notebook.  (50%) 

 

Participants are expected to record notes pertaining to everything that they do. 
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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: 
 

Michael Wittmann, “The Object Coordination Class Applied to Wavepulses: Analyzing Student 

Reasoning in Wave Physics”, International Journal of Science Education 24:1, 97-118 (2002) 

Michael C. Wittmann, Richard N. Steinberg, Edward F. Redish, “Understanding and Affecting 

Student Reasoning About Sound Waves” 

 

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) 
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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. 

 

Calculations (5%) 

22-25 points 18-22 points 14-17 points 0-16 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. 

 

Attendance/Participation (10%):  
40-45 points 40-44 points 35-39 points 0-34 points 

Is a prompt and 

regular attendant; 

stays until the 

completion of the 

session; participates in 

group activities and 

discussion by asking 

questions and offering 

ideas during 

brainstorming 

Is a prompt and regular 

attendant; arrives late or 

leaves early only with 

the prior notification of 

the instructor; 

participates in group 

activities and discussion 

by asking questions and 

offering ideas during 

brainstorming 

Is usually but not 

always prompt and 

regular attendant; 

participates most of 

the time in group 

activities; listens 

when others talk but 

infrequently 

participates in 

brainstorming 

Rarely 

participates in 

group activities 

and discussion; 

does not listen 

when others are 

talking; is absent 

without prior 

notification 

 

Reading/Reflections (10%) 

 

Assessment 

Item 

 

40-45 points 

 

40-44 points 

 

35-39 points 

 

0-34 points 

Relevance 

All statements are 

relevant to the 

topic or bear on 

the question at 

All statements are 

relevant to the 

topic or bear on 

the question at 

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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hand; it is obvious 

the excerpt or 

article was read 

hand; it is not as 

obvious the 

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 

 

 

Additional Practice (10% 

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. 

 

 

Course Reflection (5%) 

22-25 points 18-22 points 14-17 points 0-16 points 

Discussion is well-

reasoned and makes 

sense.  Paper shows 

thoughtful consideration 

of material. 

Fairly good use of 

logic.  Discussion 

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. 

 


