


This is to certify that the

thesis entitled

LIGHTS! SOUND! PHYSICS!
A BASIC PHYSICS CLASS FOR HIGH SCHOOL

presented by

Kathryn Ebrahimi

has been accepted towards fulfillment
of the requirements for

Master's degreein Physical Science-

Interdepartmental

Sl

Major professor

Date

0-7639 MSU is an Affirmative Action/Equal Opportunity Institution




LIBRARY
Michigan State
University

PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.
MAY BE RECALLED with earlier due date if requested.

DATE DUE DATE DUE DATE DUE

6/01 ¢/CIRC/DateDue.p65-p.15



LIGHTS! SOUND! PHYSICS!
A BASIC PHYSICS CLASS FOR HIGH SCHOOL

By

Kathryn Ebrahimi

A THESIS
Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of
MASTER OF SCIENCE

Division of Science and Mathematics Education

2002



ABSTRACT

LIGHTS! SOUND! PHYSICS!
A BASIC PHYSICS CLASS FOR HIGH SCHOOL

By

Kathryn Ebrahimi
The purpose of this project was to determine whether student projects would help
increase student understanding and application of the physics wave concepts. During the
marking period spent on waves, students worked on projects as well as on traditional
labs. The traditional labs were used only as an introduction to the topic. The projects
were used to help assess student learning and comprehension of the topics. The students
created and played their own instruments for the sound section of the unit. For the light
section of the unit, the students worked in groups to create a laboratory experiment, game
or demonstration illustrating a specific concept. Along with traditional homework and
tests, evaluation of student learning was based on the laboratory reports the students
wrote for their projects, as well as whether or not they were able to create a working
instrument, laboratory experiment, game or demonstration. The students were quite
receptive to the projects, and attacked them with enthusiasm. The results according to the

grades and surveys show the effectiveness of the projects in aiding the students’ learning.
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INTRODUCTION

L Rationale

When I started teaching physics at Theodore Roosevelt High School, I inherited a
tradition. The physics students would build and race mousetrap-powered cars against the
Advanced Machine Shop class. While the students really enjoyed this race and making
their cars, I wondered if building the cars really helped the students understand the
physics concepts behind their creations. Concerns that learning was robust and met the
Michigan Standards and Benchmarks were foremost in my mind. How could I be sure
that making projects was the best way for students to learn in order to insure and
determine that the benchmarks were being met?

Not wanting to tamper with tradition, I converted the way another unit was taught,
to include student driven projects. I chose the unit on the physics of waves. Instead of the
usual sound and light laboratory experiments, I decided to incorporate projects to help
assess the students’ understanding of these concepts. Along with using projects, which
based on my experience with mousetrap cars, most students seemed to enjoy, I had other
reasons for rewriting the unit on the physics of waves. An unusually high number of my
physics students were either in drama, band, or vocal music through school or played an
instrument on their own. Being able to relate their favorite subject and/or pastime, as
well as other everyday phenomena, to physics was an opportunity too tempting to pass
up. Physics also has been regarded by the general public as an esoteric subject suited
only to the “smart” students who excel in math, a notion I have worked hard to dispel.

The last reason that the sound and light unit was rewritten came from my own dislike of



traditional physics labs, which seemed to have students perform an experiment following
a given set of instructions, and then solve several mathematical equations to prove what
they had just done. Traditional labs do not allow the students to discover, but to verify.
The beauty of the physical concept was lost to students worrying if they had gotten the
“right answer”.

The goal of rewriting this unit on the physics of waves was to determine how well
students learned and retained wave concepts. By focusing on projects, the students had to
understand the ideas well enough to create and explain a musical instrument and a light
laboratory experience, game or demonstration.

The unit on the physics of waves is broken into six chapters. Two of the chapters
I taught almost as I have for the past six years. The introductory chapter, Vibrations and
Waves, skims over basic concepts and provides base information that applies to both
sound and light waves. I previously had developed discovery-based laboratory
experiments for the chapter on color, so I did not rewrite that chapter. Through repeated
teaching over the past six years, I found that the chapters on sound, light, reflection,
refraction and lenses lent themselves best to revision. The discovery-based laboratory
experiments I used to introduce these chapters were conceptual in nature and had very
simple, if any, mathematics associated with them. The projects required formal reports,
explaining the concepts as well as incorporating mathematics. Evaluation was provided
in the form of homework, tests, and the laboratory reports.

II. Ideas on Teaching Physics
Determining whether projects and activities, rather than traditional laboratory

experiments would enhance student learning was one reason I chose to rewrite the unit on



sound and waves. Another reason was to help students see the reach of physics in their
everyday lives, and dispel the notion that only the top students could benefit from or even
pass physics. Indeed, physics is often thought to be a “weed out course, ... a course to
get through” (Hewitt, 1990). By focusing on activities and projects students get the
opportunity to see the relationship between the ideas and concepts of physics in a real-
world context. Working on projects and activities also can help students learn more
effectively. As Lillian McDermott, Professor of Physics at Washington State University
says, “Teaching by telling is an ineffective mode of instruction for most students.
Students must be intellectually active to develop a functional understanding” (1993). One
method of instruction that embodies this idea is known as the inquiry method. David L.
Haury describes the inquiry method of science teaching by saying “From a science
perspective, inquiry-oriented instruction engages students in the investigative nature of
science...So, inquiry involves activity and skills, but the focus is on the active search for
knowledge or understanding to satisfy a curiosity”. He goes on to say that there is no
meaningful learning if there is no inquiring mind seeking an answer, solution,
explanation or decision. (1993). This idea lends itself to a constructivist model of
education, one that embodies the belief that knowledge is constructed, not transmitted.
Further, it is believed that building useful knowledge structures requires effort and
purposeful activity (Umass, 2002). One good way for students to construct their own
knowledge is by the use of projects related to the curriculum. In 1999, the Buck Institute
for Education, a proponent of Project Based Learning, described project based learning
as:

Project based learning is an innovative model for teaching and learning. It
focuses on the central concepts and principles of a discipline, involves the



students in problem-solving investigations and other meaningful tasks, allows

students to work autonomously to construct their own knowledge, and culminates

in realistic products.
The unit I designed used different methods of inquiry or constructivist learning:
discovery activities, experiments and project based learning.

The discovery activities were used to arouse curiosity and allow the students to
“discover” some fundamental information about each topic. “One implication is that
inquiry-oriented teaching begins or least involves stimulating curiosity or provoking
wonder” (Haury, 1993). In the unit reported here, these activities were used at the
beginning to introduce a new concept. In the experiments, the students were expected to
find known results. For example, in the “Grandfather Clock” laboratory experiment, the
students investigated how the period of a pendulum varied with it’s length. However, all
experiments contained open-ended questions and gave the students the opportunity to use
learned or prior knowledge to solve a problem. Creating a project allowed the students to
use all the information learned from the experiments, as well as conduct research on their
own. In Project Based Learning the designing process of the individual project is critical
to learning. In Project Based Learning students “construct their own knowledge, so it’s
easier for them to transfer and retain information.” (Buck Institute of Education (B.LE).
1999) In the next project, students used the information from the chapters to design
working instruments. This allowed students to not only use present knowledge, but to
apply the defining features of Project Based Learning as defined by the Buck Institute for
Learning in 1999: Compelling ideas, Investigating and engaging, Support of student
autonomy, and Real-World outcomes. In the other project the students devised a

laboratory experiment, demonstration or game. This included the concept of working as a



team to get results. “Project Based Learning can give students a richer, more “authentic”
learning experience than other learning modes because it occurs in a social context where
interdependence and cooperation are crucial for getting things done” (B.LE. 1999).

III. Demographics

The Wyandotte City School District is located approximately 15 miles south of
Detroit, on the Detroit River. The city covers 5.54 square miles and has a population of
28,006. During the 2001-2002 school year the high school had 1,294 students in ninth
through twelfth grade. The majority of students are Caucasian.

I teach earth science and physics. The physics students are almost all twelfth
grade students. Physics is an elective science class, so enrollment varies from year to
year. The time allotted for each class period is 54 minutes. The class meets five days a
week.

The current study, during the 2001-2002 school year, included three sections of
physics. There were 70 students involved in this research project. Female students
comprised 40% of the students and 60% of the students were male. All of the students
were seniors except one. The mathematic background of the students varied from

Algebra II through Calculus.



IMPLEMENTATION

L Overview

Overall, the goal of this unit was to allow all students, regardless of mathematical
ability, to learn physics concepts and how they relate to real-life experiences. The school
year did not begin with this unit. I took a few weeks at the beginning to introduce some
basic skills needed for physics, such as estimation, error analysis, and metric review. To
start out the unit, I gave the students a pre-test on the topics that would be covered. After
taking the pretest, some basic wave concepts were introduced. Succeeding chapters
began with a qualitative activity, such as a discovery activity or a demo. Mathematics
related to the concept were introduced, then the project or discovery activity to match the
chapter was completed. In some cases, projects included ideas from more than one
chapter. Assessment included homework, tests, and lab reports. At the end of the unit,
the Pretest was used as a Posttest, and a survey was taken by the students for their input
regarding this unit. The entire unit took ten weeks and included six chapters from our
textbook. This unit was designed with the Michigan Objectives for Creating New
Scientific Knowledge, and Physical Science Waves and Vibrations in mind. Specific
objectives for this unit are discussed later
II. LON-CAPA
Along with rewriting the unit on the physics of waves using project-based physics, I also
began to incorporate LON-CAPA in this unit. LON-CAPA stands for “The
LearningOnline Network with CAPA”. The CAPA in LON-CAPA stands for “Computer

Assisted Personalized Assignment”. LON-CAPA is a computer-based delivery system



that was developed at Michigan State University to allow students to study chapters and
complete individualized homework online. LON-CAPA combined two previously used
programs: LectureOnline, which is a content delivery system and CAPA, which is an
individualized online homework system. The result of this union LON-CAPA is an
online instructional aid that has both content pages as well as individualized homework.
I became involved in this project part of the Research in Education for Teachers program
run by the LITE Lab (Laboratory for Instructional Technology in Education) with
Funding from the National Science Foundation. I began writing web pages of content
and programming mathematical problems for the unit on the physics of waves during my
summer research. Samples of content pages and problem pages can be found in Appendix
G. Under the guidance of Gerd Kortemeyer, Hong-Kie Ng and Felicia Berryman, the
experts at Michigan State, I learned how to program physics problems and web pages.
That same summer, Michigan State University provided my school with a server to
accommodate computer space needed to run LON-CAPA locally. I also received two
computers for my classroom from Michigan State to make it easier for the students to
complete their homework. Due to the length of time it took me to write the content and
problem pages, I was not able to write these for the entire unit. However, I did construct
content and problem pages for the first two chapters of the unit: wave basics and sound.
LON-CAPA is cross institutional, which means not only could I write my own content
pages and problems, but also I was welcome to search the LON-CAPA library and use
any pages I found. This was a wonderful way to allow the students to see applets and
other computer simulations pertinent to the topic they were studying that were beyond

my computer expertise. I also programmed pages with examples of equations related to



sound and some background information for the musical instrument project to which the
students could refer online. While the library of problems from college physics classes
was a bit too advanced for my students, I took advantage of the content pages. For the
wave basics and sound chapters I had the students éompletc individualized homework
that I had designed and programmed from LON-CAPA.

Ideally, the students took notes in class while I was lecturing and then went on
line to review, go through the web pages for each chapter and complete the homework
problems. When designing and programming problems for LON-CAPA, the programmer
has the freedom to give the students as many tries to answer a problem as desired, so
students could try a problem over and over with immediate feedback to correct and
incorrect responses each time. I gave students ten tries for each problem, so that most
students were able to get 100% on this homework. Students who did not get 100% either
gave up on the problems, or did not complete the problems in the time allotted.

II1. Basic Outline

Many of the activities in this unit, while not brand new, have been revised and
adapted. However, the projects are new and resulted from my summer research class at
Michigan State University. Many of the notes and equations for the sound portion of
waves were posted on my LON-CAPA web pages as a supplement to the textbook. Two
of the chapters also had homework through the LON-CAPA network. The unit including
the revised laboratory experiments including the type of experiment and homework are
shown on Table 1. The appendix where the activity can be found and the category of

activity are also included.



Table 1: Unit outline

Activity Appendix Category
Pretest E
Wave Basics
The Great Pendulum Race (revised) A Discovery Project
Grandfather Clock Laboratory Experiment B Experiment
Properties of waves with Slinkys B Discovery Activity
Sound
Spoons on strings B Discovery Activity
Mach One Experiment B Experiment
Make a Musical Instrument A Discovery Project
Light
Marshmallows and the speed of light B Discovery Activity
Color
Color Observations — An Introduction (revised) A Experiment
“Paint by the Numbers” Colored Pigment B Experiment
Experiment
Reflection/Refraction
Mirror Survey A Discovery Activity
“The Angle on Refraction” B Experiment
“It’s All Done with Mirrors” A Experiment
Lenses
Pinhole Camera with Coffee Cans B Experiment
“Lab-a-thon” A Project
Post test E
Student Survey F
IV Objectives

Students in our school take Physics as the final class in the science sequence. As
a result, all of the students in my class already have been taught most of the goals and

benchmarks in the Michigan Curriculum Frameworks (2000). Physics class takes many




of those topics to a deeper level of understanding. In our school district, physical science
is first taught in the eighth grade, explored somewhat further in the ninth grade Earth
Science class and studied again in eleventh grade Chemistry. While no class provided a
total covérage of all of physical science, many skills were taught over and over, more in-
depth each time. By the time students are in Physics, they are adept at basic lab skills,
such as measuring, observation, and describing. Using these skills as a starting point, the
labs and projects they devised and performed deepened these skills. Measuring skills
included error analysis; describing skills included using data in explanations and relation
to concepts. Laboratory reports for the projects were complex, written as formal papers,
complete with abstracts, analysis, interpretation, data and conclusions. The guideline for
this style of report was included in the instructions for the projects, and shown in
Appendix A. Extended use of open-ended discovery activities and experiments allowed
the students to prepare for the challenge of creating their own musical instruments,
demonstrations, games and labs. This unit was designed to comply with the following
Michigan Curriculum Frameworks (2000) goals and benchmarks:

= Constructing New Scientific Knowledge (C)

L1.1;1L.1.2; 1.1.4; I.1.5
= Reflecting on Scientific Knowledge (R)
II.1.1;I1.1.2; I1.1.3
* Waves and Vibrations

IV4.1;IV4.2;IV.4.3;IV44

Table 2 shows the activities for each topic and the corresponding objectives:

10



Table 2: Activities and Corresponding Goals

Activity

Goal

Wave Basics

The Great Pendulum Race (revised)

I.1.1; 1.1.2; IV4.3

Grandfather Clock Laboratory Experiment

I.1.1; 1.1.3; IV.4.3

Properties of waves with Slinkys IV4.3;IV4.4
Sound

Spoons on strings IV.4.1

Mach One Laboratory Experiment 1.1.1; 1.1.3; 1.1.4,

IV.4.1

Make a Musical Instrument (Appendix A)

I.1.1; 1.1.2; 1.1.4;
I.1.1; II.1.3; IV.4.1:
IV4.4

Light
Marshmallows and the speed of light IV.4.3,1V.4.4
Color
Color Observations — An Introduction (revised) L1.1;1.1.2; I1.1.2;
IV.4.2;1V.4.3
“Paint by the Numbers” Colored Pigment Experiment 1.1.1,IV.4.2
Reflection/Refraction
Mirror Survey 11.2.2;IV.4.3;
“The Angle on Refraction” I.1.1;1.1.5; IV4.3
“It’s All Done with Mirrors” 11.2.2;IV.4.3
Lenses

Pinhole Camera with Coffee Cans

I.1.1; 1.1.2; 1.1.5;
I.2.1;Iv4.3

“Lab-a-thon”

I.1.1; 1.1.2; 1.1.4;
I.1.5; .1.1; I1.1.3;
IV.4.2;1V.4.3;1IV.4.4

V. Laboratory Descriptions and Analysis

Many of the activities, experiments and guidelines for demonstrations are located

in Appendix A. Included are experiments and/or activities I have designed or radically

modified (references are included). Listed in Appendix B are experiments I use as found

from other resources such as laboratory manuals and other teachers. Some activities are

done as class participation demonstrations, and have no formal instructions or reports.
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Students worked with a partner in most experiments and activities. Each student made
their own musical instrument and worked in teams of up to four students for the “Lab-a-
thon”. Each student was responsible for their own laboratory report in all experiments
and activities except the “Lab-a-thon”.

Wave Basics

The Great Pendulum Race (Appendix A) is the discovery project that starts this section.

Students use materials found in the lab to create a pendulum with a period of exactly one
second. They are given a few guidelines such as “keep good records” and “do not use
your fingers to release the pendulum” but the rest is up to the lab team. All groups were
successful in creating a pendulum with a period of exactly one second. 74% of the
students got a perfect score of 11 on their laboratory reports, and 23% got a score of 10
on their laboratory reports. The students who scored lower than ten had errors of
omission such as incomplete answers or skipping questions entirely.

The Grandfather Clock Laboratory Experiment (Appendix B) is the first experiment for

this unit. After students discover that the only effect for the period of a pendulum is
length of the pendulum, this lab takes the idea one step further and gives a mathematical
relationship between length of a pendulum and its period. This laboratory experiment
provides the students with an opportunity to use and manipulate a graphing program on
the computer, to create a linear relationship between the two variables used in graphing.
I used this lab as is from the Conceptual Physics Laboratory Manual and guided the
students through the use of the graphing program. The students performed well on this

experiment; the average score was 89%. The lowest score was 14 points out of a possible
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21, or 67%. Errors of omission, such as incomplete data or unanswered questions were
the reason for low scores.

Properties of Waves with a Slinky™ (Appendix B) is a classroom demonstration activity

without anything in writing that students submit for a grade. Every group of four
students has a Slinky with which to experiment. The students are guided through the
various types of waves, and experiment physically with concepts they will encounter
mathematically such as the relationship between frequency and wavelength, and standing
waves.

Sound

Spoons on Strings (Appendix B) is another crowd-pleasing demonstration, again without
anything in written to submit. This is a very simple and effective demonstration. Two
strings each about 0.5 meters long are attached to the handle of a tablespoon and given to
a student. The student wraps a string around each index finger and hits the spoon on the
table. Then the student puts his index fingers in his ear and hits the table again. The
sound made in each method is compared. Students are impressed by the difference in
sound of the two methods. Finally, another student covers their ears, and the student
holding the spoon hits it on the table. Of course, the student with their fingers in their
ears cannot hear the sound, so that sets up a discussion of wave damping. Students are
generally surprised at the difference in tone, loudness and quality of sound when they
have their fingers in their ears.

Mach One (Appendix B) This experiment is taken out of the Conceptual Physics
Laboratory Manual as well. This experiment is used to demonstrate the speed of sound in

air using the concept of resonance. In this experiment students use one-liter graduated

13



cylinders, resonance tubes, and tuning forks to determine the speed of sound in air. This
is a good introduction to the type of calculations they will use when creating their own
instruments. Students performed well, the average grade on this experiment was 87% or
13 out of a possible 15 points. Students who did not get 15 out of 15 points made
calculation errors.

Behind the Music-Making Your Own Musical Instrument (Appendix A) This was the

big individual project of this unit. The students were able to construct an instrument that
made music by using strings, bars or pipes. Of the 66 students who constructed
instruments, the majority, 38 students or 58%, chose to use pipes, such as panpipes,
sliding pipes (trombone-like instruments), recorders, flutes and even one bagpipe. Next
in popularity were stringed instruments. Twenty students or 30% chose to construct
instruments with strings, such as guitars, banjos, and dulcimers. The remaining 8
students or 12% constructed instruments with bars. Xylophones and chimes were the
leaders, with one student using eating and garden utensils! Each student wrote their own
formal laboratory report, including an abstract, data chart, analysis and discussion. The
details of information included in the report are outlined in the copy of the project in
Appendix A. For the analysis the students had to not only explain the physics behind their
instruments, but also perform calculations showing the speed of sound in them. For the
stringed instruments, the students determined the speed of sound on the strings, for the
pipes, the speed of sound in air and for the bars, the speed of sound traveling through the
bars. One common error made by students who constructed chimes or xylophone-type
instruments was to consider their instruments as pipes rather than bars. Even though the

students used PVC pipe or copper pipe to make the chimes or xylophone-type
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instruments, they were considered bars because they were struck with an object rather
than being blown into like flutes or panpipes. The calculations for bar instruments were
more complex, using Young’s modulus, an equation not typically presented to high
school students. The average score on the instrument project was 85% or 59.4 out of 70
possible points. The most common errors in this project were incomplete explanations of
how sound travels in the instrument constructed, and incorrect calculations in
determining speed. Student comments on the success of their experiment in the
discussion section of the lab included these remarks:

“Although my instrument never worked properly, I conclude the lab to be a

successful one anyway. I learned a lot about sound waves and how to make

sound waves, as well as how fast they all travel through air.”

“I feel that my flute was quite a success. It was effective in producing standing

waves in order to create different notes and make a pleasant sounding

instrument.”

“My PVC flute sounded a lot like my real flute!”

“I believe that the lab was a success...showing that instruments use physics
properties in producing sound.”

“I was able to take everyday materials and create an instrument that could be
played and even use it to play a recognizeable (sic) song.”

“Yes, my instrument works. Yes, my instrument can be heard.”

“My panpipe. ...allowed me to play the greatest song in the world ‘Mary had a
Little Lamb’.”

“My instrument played eight distinct notes.”
“I also learned how music is created by sound waves in different instruments.”

Light

Marshmallows and the Speed of Light. (Appendix B) This is another interesting

classroom demonstration, without a written assignment. This demonstration reinforces

15



the concepts of the speed of light, and the electromagnetic spectrum. I first read about
this demonstration in the journal, The Physics Teacher. However, there are also online
resources for this demonstration, listed in Appendix B. One student covers a paper plate
completely with a layer of regular sized marshmallows, placed next to each other and
barely touching. The plate is then placed in a microwave that does not have a turntable.
Once turned on, a standing wave is set up in the microwave, and at maximum amplitude
the marshmallows begin to melt. The maximum amplitude is one-half the wavelength of
the electromagnetic wave. The microwave is turned on just until the marshmallows begin
to melt. Another student measures the distance between two melted spots and finds the

half-wavelength distance, and another finds the frequency of the microwave (it is usually
written on the back of the microwave). Using the equation V=Af the speed of the
electromagnetic wave can be determined. When done carefully, this is very accurate.

Color

Color Observations — An Introduction. (Appendix A) This laboratory experiment was

adapted from the book that came with my light box kits. Students learn about pigment
colors from preschool on, but this is the first introduction to the colors of light. The
students use color filters to combine various colors of light on a white screen. The big
surprise of this experiment is that blue and yellow light make white, not the color green,
as in pigments. One student summed up the general feeling by writing “yellow and blue I
expected to be green because with crayons or paint those are the colors you would expect
to get.” The students are also surprised by the colored, rather than just black, shadows

that appear. In this experiment the students wrote down predictions, observations, and
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some explanations of their observations. The average score on this experiment was 96%
or 14.4 out of 15 points.

Paint by the Numbers. (Appendix B) This experiment allows students to mix color

pigments by using paints. I use this experiment as designed by Matthew Tuckey, a
science teacher in Bad Axe, Michigan. Like the colored light experiment, this activity is
qualitative and requires no mathematics. Students use and combine different color paints
to study color subtraction. The class average was 99% or 10.9 out of a possible 11
points. The few errors that were made were errors of omission, such as not answering a
question or finish painting.

Reflection/Refraction

Mirror Survey. (Appendix A) The Mirror Survey is a take-home discovery activity that
introduces reflection. It addresses the concept that the image we see on a mirror appears
to come from behind the mirror. Even after the survey is taken and discussed, students
are still skeptical; refusing to believe the image in the mirror is not on the mirror itself.

In order to prove this, I have one student stand at arm’s length from the mirror and draw a
circle on the mirror around the reflection of his face with an overhead marker. When the
circle comes out to be half the size of his face, discussion gets lively. This discovery
activity interests the students in the topic of reflection.

The Angle on Refraction. (Appendix B) Snell’s Law is the basis for this experiment in

which the students derive the law for themselves using the optical light boxes. The write
up for this experiment is from the book that comes with the Arbor Scientific light boxes
used in physics class. I use it almost as is. The students use a semi-circular, transparent

Plexiglas slab and a thin beam of light. The light is shone through the slab at different

17



angles and lines are drawn indicating which are the lines of incidence and which are the
lines of refraction. The equation for Snell’s law is derived from the students’ data, as is
the index of refraction for light going from air through plastic. If a laboratory team is
careful, results are very good. The average score on this experiment was 89% or 19 out
of a possible 21 points. Even if the data were not perfect, the students did not lose credit
if they could explain the results.

It’s All Done with Mirrors. (Appendix A) Reflection in curved mirrors is the focus of this

experiment. This experiment was revised from the book that came with my optical light
boxes. In this qualitative experiment, the students compared spherical and parabolic
mirrors. The properties of curved mirrors were studied to promote understanding of
concepts such as center of curvature and focal point. This experiment was qualitative,
and the students wrote down and answered questions about their observations. The
average score was 89% or 18.75 out of a possible 21 points.

Lenses

Pinhole Camera with Coffee Cans. (Appendix B) This experiment introduces lens

properties to the students. I use this experiment as written by Mr. Mark Davids, a physics
teacher at Grosse Pointe South High School. Using a light source and a coffee can with a
small hole punched in the bottom; a real image can be formed on the plastic top of the
can. Usually the students use geometry to determine the image and distance formula for
lenses, but due to time constraints, the students performed the qualitative portion of the
experiment and we did the quantitative portion together. All students received points for

participation.
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“Lab-a-thon”. (Appendix A). In the final project for the unit, students worked in teams of
two, three or four to devise or find and rewrite a demonstration, experiment or game for a
concept from this unit. The experiments, demonstrations and games were set up and the
entire class did each activity. Along with developing the procedure and experiment, each
team had to have a worksheet for the other students to complete. The team then collected
and graded the worksheets. One laboratory report was required per group. The average
team score on this project was 90% or 31.5 out of a possible 35 points.
VI. Assessment of Unit

Various instruments were used to assess student progress during this unit.
Homework included LON-CAPA questions, bookwork, and handouts. Pre and post tests
were administered to determine overall retention of wave concepts, and laboratory reports
were written for all experiments. A test was given for each chapter as well. At the end of
the unit the students completed a survey giving me their opinions on the effectiveness of
the physics of waves unit.
Pre and Post Tests
The pre and post tests were the same instrument. The test consisted of seven short answer
questions. The test and scoring rubric are shown in Appendix E. The questions were
conceptual in nature and designed to incorporate the material learned from this unit. The
goals of the pre and post tests were to see what prior knowledge of the physics of waves
the students had and chart their improvement after the unit was complete.
Homework
The homework in the unit on the physics of waves was varied. The students completed

individualized problems found on LON-CAPA for the first two chapters. Along with the
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LON-CAPA problems in the first two chapters as well as the rest of the chapters in this
unit, the students completed questions from the book known as “Think and Explain”
questions. These are conceptual questions pertinent to the chapter. These questions
require a short answer. Additional mathematical problems were given via handouts.
Scoring for these questions and problems are graded on participation level; students were
expected to try to answer these questions. Generally, the class discussed the homework
on the due date. Of course, I was always available to answer individual questions before
the due date.

Laboratory Reports

There were two types of laboratory reports that the students completed. For the activities
and experiments the reports were completed on preprinted forms. Except for the chapter
on color and the mirror survey that were conceptual only, there were both conceptual and
mathematical questions regarding the experiment. The laboratory reports for the projects
were complex, requiring a formal write up. The students had to write an abstract, data
section, analysis of the physics used in the project, error analysis, and discussion section.
Chapter Tests

At the end of each chapter students took a test covering the physics concepts studied in
that chapter. The tests included multiple choice questions and either mathematical
problems or short-answer questions.

Survey

At the end of the physics of waves unit, the students, giving me their assessment of this
unit, took a survey. The survey is shown in Appendix F. There were eight sliding scale

questions and three short-answer questions
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EVALUATION
I Overview

The success of this unit was evaluated using reports from experiments and
projects, chapter test results, pre and post test results and a student survey.

The averages for the experiment and project results are shown along with the
descriptions of each experiment and project (see also Implementation). Grading Rubrics
for the projects are included in Appendix A. I have chosen to break down by letter grade
the results of the projects. The grades show that students can work either on their own or
in teams to solve problems and explain concepts.

Test results for each chapter as well as the results for the pre and post tests help
show the retention of concepts introduced in this unit. These tests are found in Appendix
C. Grading rubrics used for the tests are shown in Appendix D. The pre and post tests are
the same, and were short answer, not multiple choice. A copy of the pre and post test and
the grading rubric can be found in Appendix E.

Finally, the students completed a survey at the end of this unit. A copy of the
student survey is in Appendix F. There were eight questions answered on a sliding scale
and three short answer questions. The survey was intended to be a qualitative way to get
feedback on the unit.

The grading scale I used for the tests and assignments is shown in the table below:
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Table 3: Grading Scale for all assignments

Grade Range (%) Grade Range (%)
A+ 100 C+ 77-719
A 94-99 C 74-76
A- 90-93 C- 70-73
B+ 87-89 D+ 67-69
B 84-88 D 64-66
B- 80-83 D- 60-63
E 59 or less

Graphs reflect the letter grades A, B, C, D and E. Graph columns for the letter grade
reflect the entire range of that grade.
IL Projects

The Great Pendulum Race (Appendix A) was the first project. As it was the

introductory project the concepts were, for the most part, review from previous physical
science classes. All students earned an “A” on this project. Fifty-two students had a
perfect score of 11 out of a possible 11 points, and 16 students earned 10 points. The
goal of this project was to familiarize the students with the procedures necessary to
complete a successful project, focusing on collection and explanation of data.

Behind the Music — Making Your Own Musical Instrument (Appendix A) was the

large individual project for this unit. Not only did the students have to invent or find
instructions for a musical instrument, they had to explain the physics of sound behind
their instrument and be able to play six different notes as well as a recognizable song. A

breakdown of the grades students earned is shown below:
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Behind the Music Project

40 |
- |
g § 30 |
K- 20 | |
, E2 |
: g » 10 ‘i
‘ 0 \Y___ P et i : R i ‘
A B C D E !
Letter Grade

Figure 1: Grade distribution for “Behind the Music — Making your
own Musical Instrument”

Thirty-six students earned an “A” on this project. In order to receive that grade, the
student had to make a working instrument, play six different notes, play a recognizable
tune for the class, explain the physics of sound in their instruments, complete calculations
showing the speed of sound with regard to their instrument and complete discussion
questions about the physics of sound found in the laboratory handout. Students receiving
a “B”, “C” or “D” had working instruments, but the rest of the lab was not up to par. The
four students who earned an “E” were not able to construct a working instrument, and/or
had very poor project reports. Four students in the class did not complete the project at
all, and earned no grade.

“Lab-a-thon “ (Appendix A) team project was the last project for this unit. Each
team drew a slip of paper from a beaker with a lab concept we have studied — either
reflection, refraction or lenses, and had to devise a demonstration, game, or experiment.
Only one project report was required from each team. The grades were high, because the
best writer on each team was elected by the team to write the project report. The grade

distribution is shown below:
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Figure 2: Grade Distribution for “Lab-a-thon” Team Project
No team earned a “D” or an “E” on this project. The teams earning an “A”, described
and made a demonstration, game or experiment using the concept they drew out of the
beaker. The teams explained the physics of waves used in their project, gave each
student a handout to complete while performing the experiment or game, or watching the
demonstration, graded and handed in the worksheets and answered discussion questions.
Teams earning the lower grades did not explain the physics of their experiment
thoroughly, or did not turn in the other students’ worksheets.
III. Chapter Tests

There were five chapter tests given with this unit. All tests consisted of both

multiple choice and mathematic problems. The first test was given on wave basics. This
test addressed topics such as wave types and descriptions, period of a pendulum, and the

Doppler Effect. The results of this test are shown in the figure below:
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Figure 3: Wave Basics Test Results

The next chapter was the chapter on sound. Topics addressed in this chapter
included the speed of sound in air and water, resonance, interference and intensity. This
test incorporated information used in construction of the students’ musical instruments, as
well as information found on the LON-CAPA website I created. Much of the
information was not found in the textbook. There were fifteen multiple-choice questions

and five math problems. The grade distribution for that test is shown in Figure 4:
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Figure 4: Sound Test Results
The third test in this unit was on light. This chapter got a short shrift due to time

constraints and the students’ scores are evidence of that fact. This chapter incorporates
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polarization, shadows, and electromagnetic waves. There were no experiments and only

a few demonstrations for this chapter. The grade distribution for this short test is shown

below:
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‘ Figure 5: Light Test Results

The next test in this unit was on color. This chapter discussed complimentary
colors, what causes color, color addition and color subtraction. This is a popular chapter
with the students, who are qu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>