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Abstract

This lesson plan “Authentic” Scientific Investigation in a Science Classroom, has been designed for high school Physics and or Earth Science students. Four Physics, one Earth Science and all of the Investigation and  Design California State Content Standards will be addressed. The projected timeline is 30 weeks. Students from two different high schools will design and implement a long term, collaborative, inquiry investigation through guided inquiry. In addition, they will co-author a scientific research paper not to exceed 25 pages. Students will investigate which factors are directly correlated with the rate of seasonal beach variation. Before they begin their investigation they must have an accurate picture of how research is conducted in the scientific community. To achieve this goal they will participate in a variety of activities that include, examining scientific research papers, communicating through the Internet with scientists and a field trip to the American University of the Caribbean to discuss with professors the process they use to conduct research. Before the project is introduced students will learn the necessary vocabulary associated with the inquiry project. Using this knowledge coupled with their understanding of the process of scientific investigation they will be guided to design the correct methodology for this experiment. The students will then collect data once a week for 18 weeks. Each high school will alternate collecting weekly data. They will share the collected data through Internet web boards set up for this specific investigation. At the end of the study, the two high schools will write a collective scientific paper in a jigsaw fashion. Finally, the completed scientific research paper will be published in the local newspaper.

Section I

****************************************************************************************

Title

“Authentic” Scientific Investigation in the Science Classroom

A Long Term, Collaborative, Inquiry Investigation for High School Students

Project Outline

In the summer of 2003 I had the opportunity to work with the Chemistry Department at UCSB under the leadership of Dr. Gui Bazan. With the help of graduate students, Brent Gaylord, Janice Hong and Steve Dwight I was taught how to conduct a small part of their scientific investigation. For six weeks I followed the protocol and measured quenching rate constants of various chromophores in different media. I had only participated in the study for a short time in contrast, Dr. Bazan’s group had been working on an this biosensor application study for 3 years at the time I arrived. Currently they are in the process of having their research paper published. In total they have been working on this project for four years.

They started they started their investigation by reading various scientific journals.  After reading a specific article, they decided to build on the completed research of another group of scientists work; they took the investigation a step further. I observed that they were collaborating with other scientists.

After my experience working in a laboratory I began to reflect on the process of investigation. I examined how my students go about conducting laboratory investigations under my direction and compared it to my six week experience at the chemistry laboratory. What I noticed was that there were stark differences between the two. 

At UCSB their investigation was long term, lasting four years.  In addition, neither the scientists nor anyone else knew the answer to the investigation. As they went on with their investigation they continued to analyzed their data and modified their processes as they saw fit. They developed their own methodology and work together as a group to accomplish a task. In essence their investigation was long term, collaborative and inquiry based. 

In my high school science classes I strove to use inquiry based science labs because I felt it fostered critical thinking as well as enabled students to participate in “authentic” science. However, most of my labs were only one day long and students rarely worked with more than one person. In addition there was only one right answer to the lab and success was rated on whether or not the students achieved that answer. I realized by that by solely using this process, I was not giving my students an accurate view of how science is practiced in the scientific community. 

The lack of “authentic” science in my classroom was robbing my students of understanding and practicing real science. In addition it could have possibly hindered those students who would have eventually gone into scientific careers because they did not have an accurate picture of how science is practiced. This experience coaxed me to incorporate “authentic” science in my science classroom.  

Lesson Plan

Title: 

“Authentic” Scientific Investigation in the Classroom

Focus Area: 
How to incorporate authentic scientific processes and techniques into 

the average science classroom.

Subject/Grade: 
Physics

Duration: 

Approximately 30 weeks

Materials:

Internet Access 

http://groups.msn.com/Collaborativephysicsproject/homepage
http://www.library.ucsb.edu/
http://www.whoi.edu/seagrant/education/bulletins/profiles.html
http://weather.noaa.gov/weather/current/TNCM.html
Email Account for each student

Permission Slips

Emergency Contact Information 

Emery Sticks

2 Surfboards

100 ft Measuring Tape

2 Stop Watch

1 Meter Stick

Calculator

Provided Worksheets

California Science Content Standards:

	Subject


	Topic
	Standard
	Strand

 

	Physics
	Motion and Forces
	1. Newton's laws predict the motion of most objects. As a basis for understanding this concept: 


	a. Students know how to solve problems that involve constant speed and average speed.

	
	
	
	c. Students know how to apply the law F = ma to solve one-dimensional motion problems that involve constant forces (Newton's second law).

	
	
	
	i. Students know how to solve two-dimensional trajectory problems.

	
	Conservation of Energy and Momentum
	2. The laws of conservation of energy and momentum provide a way to predict and describe the movement of objects. As a basis for understanding this concept:
	a. Students know how to calculate kinetic energy by using the formula E = (1/2)mv2.

	
	
	
	d. Students know how to calculate momentum as the product mv.

	
	
	
	e. Students know momentum is a separately conserved quantity different from energy.

	
	
	
	g. Students know how to solve problems involving elastic and inelastic collisions in one dimension by using the principles of conservation of momentum and energy.

	
	Waves
	4. Waves have characteristic properties that do not depend on the type of wave. As a basis for understanding this concept:
	a. Students know waves carry energy from one place to another.

	
	
	
	b. Students know how to identify transverse and longitudinal waves in mechanical media, such as springs and ropes, and on the earth (seismic waves).

	
	
	
	c. Students know how to solve problems involving wavelength, frequency, and wave speed.

	
	
	
	f. Students know how to identify the characteristic properties of waves: interference (beats), diffraction, refraction, Doppler effect, and polarization.

	Investigation and Experimentation
	N/A
	1. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content in the other four strands, students should develop their own questions and perform investigations.
	a. Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.

	
	
	
	b. Identify and communicate sources of unavoidable experimental error.

	
	
	
	c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions.

	
	
	
	d. Formulate explanations by using logic and evidence.

	
	
	
	f. Distinguish between hypothesis and theory as scientific terms.

	
	
	
	g. Recognize the usefulness and limitations of models and theories as scientific representations of reality.

	
	
	
	j. Recognize the issues of statistical variability and the need for controlled tests.

	
	
	
	k. Recognize the cumulative nature of scientific evidence.

	
	
	
	l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science.

	
	
	
	m. Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings. Examples of issues include irradiation of food, cloning of animals by somatic cell nuclear transfer, choice of energy sources, and land and water use decisions in California.

	Earth Science
	Energy in the Earth System
	Energy enters the Earth system primarily as solar radiation and eventually escapes as heat. As a basis for understanding this concept:
	Students know the relationship between the rotation of Earth and the circular motions of ocean currents and air in pressure centers.

	
	
	
	Students know properties of ocean water, such as temperature and salinity, can be used to explain the layered structure of the oceans, the generation of horizontal and vertical ocean currents, and the geographic distribution of marine organisms.

	
	
	
	Students know the interaction of wind patterns, ocean currents, and mountain ranges results in the global pattern of latitudinal bands of rain forests and deserts.


Instructional Design:

Figure 1. Project Timeline

	Week
	Phase
	Topic
	Activity
	Purpose

	1
	1
	Scientific Investigation
	Journal Assignment: 

How is Science Practiced in the Scientific Community?
	Pre-assessment: Baseline perspective of how students view real world science.

	
	
	
	How is Scientific Research Conducted?
	Exposes students to how science is practice in the scientific community

	
	
	
	Meet a Scientist
	Allows students to interact with real scientists, exposes them to the scientific community

	
	
	
	Field Trip: American University of the Caribbean- 

Marios Loukas, M.D. PH.D.
	Allows students to interact with real scientists, exposes them to their specific scientific community

	2
	2
	Project Vocabulary
	Wave Vocabulary
	Students will learn terms associated with project

	
	
	
	Labeling the Parts of an Ocean Wave
	Identify parts of a ocean wave

	3
	3
	Field Work
	Intro to Collaborative Long Term Scientific Investigation:

Permission Slips 

Emergency Contact Information
	Liability Purposes

	4-24


	
	
	Web Field Trip 

http://groups.msn.com/Collaborativephysicsproject/homepage
	Have students sign up as member of group. Interact with features of the website.

	
	
	
	Inquiry Wave Measurement Worksheet
	Seasonal Beaches Worksheet

	
	
	
	Field Trip: Cupecoy Beach
	Practice Methodology

	
	
	
	Collect Data
	Participate in authentic field work

	25-28
	4
	Scientific Writing 
	How to Write a Scientific Paper
	Introduce and explain the components of a scientific paper

	
	
	
	Jigsaw: Collaborative Writing of a Scientific Paper
	Write a collaborate scientific research paper

	
	
	
	Peer Edit Scientific Paper
	Peer Edit Scientific Paper

	29-30
	5
	Publishing
	Publish Paper in the Newspaper
	Community Involvement
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Activities:

Journaling Assignment

How is the science that you have experienced in a classroom different from your idea of how science is practiced in the scientific community? What has your experience been? What factors shaped your idea of science in the scientific community. What exposure have you had to “authentic” science? 

How is Scientific Research Conducted?

A high school science class gives you an idea of how science is conducted. Utilizing the scientific method, you and a partner usually spend one to two days on lab that allows you to investigate and attempt to solve a problem. However, have you ever wondered how real scientists utilize the scientific method? In this activity you will attempt to answer this question by analyzing five different research articles. Fill out the following table accordingly and answer the subsequent questions in complete sentences.

	Title of Article
	Purpose
	Length of study
	Number of Authors
	Number of Collaborators (Citations)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


1. Summarize three things that these studies have in common?

A)

B)

C)

2.  What is the average time it takes to complete a scientific study? How is this different from what you do in a science class? How is it the same?

3. Why do you suppose there are so many authors for each scientific study?

4. List the main the components (sections) of scientific papers and summarize the purpose of each the sections.

Meet a Scientist 

Directions:              

1. Go to the following website www.scienceline.ucsb.edu 

2. Click on “Our Scientists”

3. Select a field in which you are interested in

 __________________________

4. Why are you interested in this field of study? (Be specific)

5. Click on “Ask a Question”      

6. Fill out the textboxes accordingly.  

	YOUR NAME

	Darleen Tanita

	YOUR EMAIL ADDRESS and CollaborativePhysicsProject@hotmail.com

	Caribbean International Academy

	Cupecoy

	St Maarten, Netherlands Antilles 

	10-12

	Tell them a bit about yourselves and why your emailing them, then ask the following questions:

Note: These questions are addresses to any scientist in the field of _____________ (fill in the blank)

1) How many research projects are you working on?

2) Can you please give me a brief description of each one and indicate the duration of each investigation?




Student Name

Teacher Name

E-Mail:

School:

City:

State:

Grade:

Question:

      After you have received their responses answer the following questions:

7. How is science that scientists practice different from the science that you learn in a classroom?

8. What similarities do you see between the two?

9. On the back of this sheet summarize the email response that your scientist’s sent you.
Wave Vocabulary

Directions: A) Write the following definitions using the handout provided, the Internet, and your textbook. B) Some definitions have symbols to indicate the word. In the parenthesis, draw the symbol used. 

1. Wave Train

2. Amplitude (   )

3. Wave Height (   )

4. Wavelength  (   )

5. Wave period (   )

6. Frequency (   )

7. Wave speed (   )

8. Energy (   )

9. Crest

10. Trough

11. Deep water waves

12. Shallow water waves

13. Wave forming forces

14. Restoring forces

15.  Potential energy

16. Kinetic energy

17. Wave refractions

18. Surf 

Labeling the Parts of an Ocean Wave

Directions: Using symbols, label the following parts of an ocean wave:

A) Wavelength

B) Crest

C) Trough

D) Height

E) Amplitude
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“Authentic” Scientific Investigation in the Classroom

After examining scientific research papers and communicating with current scientists regarding their research projects, you should have a clear idea of how scientific investigations are conducted. The scientific process can take anywhere from months to years to complete. Not only are they long term, but they are also collaborative. Your class will participate in the same type of research process as real scientists do. 

The Caribbean International Academy along with The International School will participate in a long term, collaborative, inquiry investigation. You will investigate which factors are directly correlated with the rate of seasonal beach variation. To do this each school with take turns collecting weekly data on weather conditions, beach width, amplitude, frequency, and wavelength. See attached data sheets. From these measurements you will mathematically determine the period, wave velocity and energy of the ocean waves. You will share the information with each other via the Internet on the following webpage http://groups.msn.com/CollaborativePhysicsProject/homepage . Under the documents, you will able to access an excel database. You are required to keep the database updated with the current data. We will collect data for approximately 20 weeks.  

At the end of the data collecting period you will collectively (CIA and IS) write a scientific research paper not to exceed 25 pages. You will then have your research paper published in the local paper. 

 The goals of this project are for you to understand and experience how science is practiced in the scientific community. Through this process I hope you will have a greater appreciation for science and hopefully coaxed some you to enter scientific careers!  

 Good Luck,

Mrs. Tanita

Seasonal Beaches

If you have lived on the island of St. Maarten for a while you have enjoyed some if not all of our 37 beaches. You’ve enjoyed snorkeling at Baie Longue, surfing at Guana Bay and sunset walks at Mullet Beach.  Our beautiful beaches are what lure over 1 million visitors a year to St. Maarten. However, have you ever noticed that some beaches are not always there?  Beaches that follow a yearly pattern of appearing for a few months and then disappearing are known as seasonal beaches. One of locals favorite beach dubbed “Cliffhanger Beach” is a perfect example of a seasonal beach.  

Beaches are in constant motions, continually changing shape and shifting position in response to five factors: winds, waves, tides, relative sea level, and human activities. The most significant changes occur seasonally and following storms. During summer, beaches are generally higher and sandier than they are in winter. During the winter, the sand moves from the beach into the ocean to form sandbars. This happens as a result of changing wave shape due to an increase in storm activity. During spring and early summer, or following a storm, the sand in the ocean moves back toward and eventually attaches to the beach. Once on the beach, the finer sand grains are moved by wind action to form higher and wider beaches. These seasonal and storm-related interactions and changes in the form, volume and position of beaches and nearshore areas produce what is known as a dynamic equilibrium.

Before we examine the seasonal changes of beaches, let's make sure we are familiar with the different parts of a beach. The strip of "land" between the permanent vegetation and the line of the lowest of the low tides is called the beach. The "land" of a beach typically consists of sand, but may also include pebbles, cobble, boulders, logs and chips of wood, or just plain rock. Sandy beaches also come in many different colors and textures, depending on the materials of which they consist. For instance, Saba has a black sand beach that is composed of the ground-up particles of black lava rock. Most US beaches have yellow sand consists of the ground-up minerals of quartz and feldspar that are found in their local mountains, which are the source of the sand along their beaches. In Florida, the beaches are made up of bits and fragments of tiny shells. In other regions of the world, beaches may be green or even pink, from minerals or corals, respectively, that get fragmented and deposited there.

The beach is commonly divided into two parts: the backshore and the foreshore. The backshore starts where waves carve out the beach and extends to the uppermost part of the beach where debris is thrown during high waves. This area is the dry region of the beach that is submerged only during the highest tides and the severest storms. The foreshore is the region where waves wash onshore and extends ocean wards to the low tide terrace, a gently sloping region that causes waves to break. Keep in mind that this division of the beach only serves to define a moving target; that is, the slope of the beach as it is carved and reworked by the seasonal actions of waves.

The region beyond the foreshore is known as the offshore. It typically extends from the low-tide terrace outwards to where the action of the waves no longer affects the bottom. In principle, offshore extends all the way to the edge of the continental shelf, the region that defines the coastal ocean.

One prominent beach feature that results from wave action is the beach scarp. This is an area at the top (landward side) of the foreshore that results from the cutting action of waves. Mullet Beach in winter is a good place to observe a beach scarp.

Immediately below the beach scarp is the beach face, which is the gently sloping region on which the waves break. As the beach face descends into the water, it becomes the low tide terrace. This region of the beach face is a popular habitat for sand crabs, which are a favorite food of many shorebirds, a popular bait among fishermen, and a sometimes delicious meal for more daring diners.

One other feature of the shore is the beach cusp. These are half-moon indentations in the beach face that appear in a regular fashion all the way down a shoreline. These scalloped faces of the beach can be quite beautiful, even more so since oceanographers don't really understand how they form. The beach at Corona del Mar is a good place to observe beach cusps.

Another interesting feature along the beach face are thin lines of sand left by waves as they return to the sea. These wavy lines of sand are most fascinating to follow, and they appear as the tide ebbs. As a wave spends its last energy on the beach, the sand it was carrying gets deposited at its edge. The result is a line of sand that traces the final shape of the wave washing up on the shore. The patterns created along the beach face can be quite intricate, like a flurry of country roads leading everywhere and nowhere. If you've ever taken the time to observe them, you know what I mean.

The final feature on our tour of beach anatomy is the sand bar. This ridge of sand that forms just offshore results from summer waves (low-energy) pushing sand from deeper to shallower, or from winter waves carrying sand offshore. Typically, the first breaking waves occur on a sand bar, as the bottom is shallower here. Shoreward of the sand bar is the trough, which can be quite deep and subject to rapid currents.

The beach is dynamic. High-energy waves can occur in summer (although not frequently) and gentle waves can occur in winter. Remember that the beach is a process, not a fixed entity. What you see at the beach is an instantaneous snapshot of all the beach-making and beach-eroding processes that have happened up to that instant in time. Wait a few days and the beach may change again. Like the sea, the beach is an restless and ever-changing creature, not bound to the definitions of men. Looking at the beach in this way can be quite satisfying and make you see the beach perhaps as you never have before

An important faucet that affects beaches is the longshore current results from the action of waves hitting the beach at an angle. This current flows in the region between the breaking waves and the shoreline. Next time you are at the beach, observe the direction of the breaking waves. Are they hitting the beach straight on or at an angle? Except under rare conditions, the waves are probably hitting the beach at an angle. The moving water in these breaking waves hits one end of the beach earlier than the other end; the water piles up at one end. As a result of this "pile up" of water, a current is generated that moves the water down the beach. This is the longshore current. If you've ever been swimming in the waves, and noticed that you moved "downshore" from your starting point, then you have experienced the effects of the longshore current.

Besides people, sand particles and debris are also transported within the longshore current. This process by which the longshore current moves sand and debris is known as longshore transport. Most people do not realize that longshore transport is the single most important factor for creating and maintaining sandy beaches just about everywhere in the world where there's a ocean beach. The movement of the longshore current carries sand down the beach.

Questions: 

1) What five factors determine the shape of a beach?

2) Compare and contrast summer and winter beaches.

3) Which particular factor do you think is responsible for creating larger waves that when they hit the shoreline, they strip away the sediment. Justify your answer.

4) Explain the how a long shore current works and its effect on sand and swimmers.

5) On the back of this sheet draw a large picture of a beach labeling the following features: backshore, foreshore, offshore, beach scarp, beach face, low tide terrace, beach cusp and sand bar.

Wave Measurements

Directions: Using your Wave Vocabulary Worksheet, describe how you would collect data for the following measurements.

	Measurement
	Symbol
	Formula
	 Procedure

	Wave Height


	N/A
	N/A
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Wavelength


	 
	 
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	*Wave Period


	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Frequency


	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Wave speed


	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	*Energy


	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Sheet A

Date: ____________________
 Day:
___________________       Study Day:
___________________    

Name(s): _________________   
___________________   

___________________    

Weather Conditions:

Time: _________  AM/PM


Wind Direction: 

___________________

Temperature: ______ (C
     


Barometric Pressure:
___________________  mmHg   
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 Sunny                   (
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Mostly Sunny          (
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Partially Cloudy       (
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Mostly Cloudy         (
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Cloudy                   (
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Rain/Thunder          (
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Scattered T-Storms (
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T-Storms                (


Measurements:

Tide: ___________________

	Measurement
	Trial 1
	Trial 2
	Trial 3
	Average Value

	 Amplitude


	
	
	
	

	Wavelength


	
	
	
	

	Frequency
	# waves:______

t= 300 sec

ƒ=
	# waves:______

t= 300 sec

ƒ=
	# waves:______

t= 300 sec

ƒ=
	


	Measurement
	Formula
	Calculations
	Value

	Wave Velocity


	v = f λ
	
	

	Wave Period


	T = 1/f
	
	

	Energy


	E = (3.164 x 105 J/m2) A2
	
	


Data Sheet B

Date: ____________________
  Day:
___________________        Study Day:
___________________    

Name(s): _________________   
___________________    Photographer: 
___________________  


Beach Width Measurement:
	Measurement
	Change in Elevation
	Cumulative change in elevation
	Distance from last measurement
	Cumulative distance

	Previous Data

Date: 
	
	
	
	

	Current Data

Date:
	
	
	
	


Observations:

Other Observations (beach or sand type such as fine sand, cobbles, gravel, steep drop-off or wide gently sloping beach; issues with data collection: 











































































Data Base
	Data 
	Example
	Day 1
	Day 7
	Day 14
	Day 28

	Date (mm/dd/yy)
	7/1/2004
	
	
	
	

	Time of obs
	14:35
	
	
	
	

	Conditions
	sunny
	
	
	
	

	Temperature (°C)
	29
	
	
	
	

	Amplitude (m)
	0.5
	
	
	
	

	Wavelength (m)
	8.35
	
	
	
	

	Frequency (Hz)
	0.0167
	
	
	
	

	Wave Speed (m/s)
	0.139
	
	
	
	

	Wave Period (s)
	59.88
	
	
	
	

	Energy (cal/m2)
	75
	
	
	
	

	Picture
	Y
	
	
	
	

	Change in Elevation
	0
	
	
	
	

	Cummulative change in Elevation
	0
	
	
	
	

	Distance from Last Measurement
	0
	
	
	
	

	Cumulative Distance
	0
	
	
	
	


How to Write a Scientific Paper

Directions: Use the following worksheet as a guideline when writing a scientific paper. You must include each of the parts of a scientific paper in order for your paper to be received in the academic community. Follow the suggestions for each section CLOSELY.

Your paper should follow this format, be neatly typed (double-spaced using 12 point font), and carefully edited. Your paper should not exceed 25 pages, not including appendices, tables, and figures. Each section of the paper should be clearly labeled with a section title.  Remember, your paper will be published!

Scientists frequently communicate the results of their work in research reports. They tell others what study they performed, why they did it, what they discovered, and what it means. Regardless of the specific discipline involved, all research reports follow a general format: Title Page, Abstract, Acknowledgments, Introduction, Methods and Materials, Results, Discussion, Conclusion, and Literature Cited (and Appendices, if necessary). The separate sections are described below.  

TITLE PAGE

Title page should include Research Paper Title, Authors, Schools, Class(es), City, State, and Date. Make the title of your study concise, descriptive, and informative. Your title should indicate the nature of your research. "Studies on slug slime" is not as descriptive as "Chemical constituents of slug slime."

ABSTRACT

Write your abstract AFTER completing a draft of your scientific paper. The abstract is the reader's first encounter with your paper, and is the chief means by which scientists decide which research reports to read in their entirety. The abstract should provide a brief summary of the findings of the paper, and should be a stand-alone document that can be understood without reading the paper.

The abstract must be single-spaced! Your abstract should contain no more than 175 words and must fit within the space allowed. It consists of the “Title” (The title of your abstract should be the same as the title of your scientific paper.) and “The Body of the Abstract”.

The abstract is a very brief overview of your ENTIRE study. It tells the reader WHAT you did, WHY you did it, HOW you did it, WHAT you found, and WHAT it means. The abstract should briefly state the purpose of the research (introduction), how the problem was studied (methods), the principal findings (results), and what the findings mean (discussion and conclusion). It is important to be descriptive but concise--say only what is essential, using no more words than necessary to convey meaning.

ACKNOWLEDGMENTS

You should acknowledge the assistance of those who helped with your study: mentors, financial supporters, teachers, scientists, proofreaders, typists, etc. You should keep this section brief, but be sure to identify major contributions. Some examples of acknowledgments include: "I thank Backwoods Paper Company for needed supplies, research space, and advice..." "I thank the following for advice and guidance: Mr. James Sprague (my teacher), Ms. Joy Adams, Mr. Todd Reed, and Ms. Rita Iretowsha (fellow students)..."

INTRODUCTION

What problem did you investigate? Why did you choose this subject, and why is it important? What hypotheses did you test? Based upon your reading, what results did you anticipate, and why? The introduction should address these and similar questions. To tackle the last question, some literature (library) research will be necessary. If you include information from other sources to explain what is currently known about the topic and why you are anticipating certain results, be sure to cite those references in the body of your paper. Assume that the reader is scientifically literate, but may not be familiar with the specifics of your study. 

Be careful not to fall into the trap of believing that all research must have world-shaking consequences to the human race. That certainly is not true. You may be simply investigating a small facet of the life history of some creature. If so, don't bother fabricating a story simply to "justify" your work. 

MATERIAL AND METHODS
How did you conduct your study? What equipment did you use? What procedures did you follow? 

Relate your procedures in sufficient detail so that someone else (or you!) could repeat the experiment. Species of organisms studied may be important (depending upon the type of study); the level of precision of your instruments is certainly important to mention here. Since your procedures have been completed, report them using past tense. You may use first person, active voice ("We added 2 ml of water...") or passive voice ("Two ml of water were added..."). This section should be written in narrative, paragraph format, not as a list of numbered steps, and should not include any results. Materials should not be listed separately, but should be included in the description of the methods. Use figures, if appropriate, to help the reader picture the equipment. Include criteria for selection and an "informed consent" statement if human subjects were used. If using a standard method, you may cite the literature reference and give only the details specific to your experiment. If your work is based on a questionnaire or survey, include the blank questionnaire/survey as part of the Methods section (or place it in an appendix and refer to it in the Methods section).

RESULTS

What did you find? Present the results of your research in a logical order. Use tables and figures (such as graphs) to visually aid your reader to see and understand your results readily. Tables and figures need to be numbered and titled separately. This will enable you to refer to them in text quite easily ("Data in Table 3 suggest that plants are..."). Each table or figure also needs a descriptive caption to aid the reader in deciphering what is supposed to be seen in that particular table or figure. Even though you may present your results in a table or figure, be certain to explain in the body of your paper the important features of each. If a trend is indicated in a figure, point out that trend to your reader. DO NOT INTERPRET your results in this section. That comes next!

DISCUSSION

In this section, you should interpret your results. What do your results mean? Are data consistent with your initial hypothesis? Do data support or reject your hypothesis? Do you need to revise the hypothesis? How do your results compare with the results of other scientists performing similar experiments? What conclusions can be drawn from the results of your experiment? If there are ambiguities in your results, what further experiments need to be performed? What are possible directions for future research? What are the theoretical implications or practical applications of your work?
CONCLUSION

What do you conclude, based upon your work and reading on this topic? Wrap up your paper with a brief summary of your conclusions.
LITERATURE CITED

When you refer to the work of another scientist in your paper, you must indicate the source of that information. That way, someone reading your paper will realize that the information comes from another project. Also, the reader may wish to examine other experiments, such as the one you cited. Failure to cite the work of another scientist (that you used in writing your paper) results in a serious offense (plagiarism) that is akin to stealing and is severely frowned upon. Therefore, all information that is not from your experiment and is not "common knowledge" must be acknowledged by a citation. 

The preferred method of citing a reference in text in most scientific papers is the author-date system. The citation (author last name and year of publication) should be placed naturally into the flow of the sentence. If the name of the author appears as part of the text, cite only the year of the publication. For example, "Campbell (1975) saw gulls driving incubating females from their nests." Otherwise, place both the name and year in parentheses, as in "Gulls have been observed to drive incubating females from their nests (Campbell 1975)." If there are two authors, cite them both, as in "(Dwernychuk and Boag 1972)." When there are more than two authors, cite only the name of the first author and indicate the rest by using "et al." (meaning "and all others"), as in "(Divoky et al. 1974)." When a reference has no individual author or the author is unknown, use the name of the agency or group which published the document, or the name of the lead editor. If there is no author, agency, or editor, use all or part of the title (enough of the title that the reference can be easily identified).

The most common method of listing articles cited in your paper is to place them in a "Literature Cited" section at the end of the paper. All literature cited in the body of your paper must be listed in your Literature Cited section, and all references in the list must be cited in the text. Sources not actually cited should not be included in the Literature Cited section. (This is different from a bibliography, in which you list everything you read, whether or not you actually cited it in your paper.)

References should be listed in alphabetical order, according to the first author's last name. All types of references should be lumped together before you alphabetize--do not make separate lists for books, articles, etc. References should be single spaced and left justified, with additional lines indented five spaces (1/2 inch). Double-space between references. Works by the same person should be arranged chronologically by the date of publication. Be sure to include enough information that each source can be identified and located.
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APPENDIX

Appendices contain supplemental information such as lists of terms, definitions, or questionnaires that are useful but not essential to the body of the research paper. If you have a large table of raw data, but most of it is not essential to the discussion in your paper, you could include the complete table as an appendix. A smaller table with a subset of data (or a summary of the data) could then be included in the body of your paper. If you have more than one set of materials to include, give each a number: Appendix 1, Appendix 2, etc.
Abstract Worksheet

Direction: Use this worksheet to help your write your abstract. Remember, this is the first encounter a person has with your study so it’s important to write a good abstract to entice your reader to read your paper.

Project Title (the same as the title of your scientific paper)





Introduction (What is this project about? Why is this project interesting or important?)







Hypothesis (What did you think you would find? Why?) 





Methods (Briefly explain your procedure.)









Results (What did you find when you performed your experiment?) 









Discussion (Are your results consistent with your initial hypothesis? Why or why not?)









Conclusion (What is your interpretation of what these results mean? Why should anyone become excited about or interested in your findings?)











Graphing 

A graph is a two-dimensional representation of the relationship between two variables under specific experimental conditions. It is a technique that translates analyses, synthesizes, and ultimately evaluates this relationship; therefore graphing is the most useful method of reporting experimental results in physics. 

Its important to always label your graph. Start by labeling the origin with a double zero, since the axes will not usually share the same dimensions. Below the horizontal axis, write in the symbol or name of the independent variable along with its units in brackets. Remember that you choose or manipulate the value of the independent variable during and experiment.  

To scale an axis, first count the number of grid lines along the horizontal axis. Then divide the largest value of the independent variable by the number of grid lines. Round the number up (never down) to the next whole number at least, and preferably to the next whole number that is easy to count by. Any number less than twice the quotient is acceptable. For example, if your dependent variable has a maximum value of 2.5 s, and you have 20 grid lines vertically, then your calculation is 2.5 / 20 = 0.125 this can be rounded up to 0.15 or even 0.20 but not to 0.25 since it is twice the calculated counting number of 0.125.  It is considered bad form to scale axes with strange counting numbers such as 14.5.  Remember to scale both axes.

Plot the points next. Plot the values of the independent variable horizontally and plot the dependent variable vertically. Make a judgment about the points. Do the points look as if they fall along a curve? If so, then draw the best smooth curve possible through as many of the points as possible.  Do the points suggest a straight line? If so, then use the ruler or straight edge, once only to draw the best straight line you can through as many of the points as possible. Do not be overly concerned if the line or curve does not pass through every point, rather try to strike a balance between those points left off above the curve or line with others left below it. 

If the curve or straight line rises to the right, the relationship between the variables is direct. This means that an increase in the value of the independent variable will cause a corresponding increase in the value of the dependent variable. If the curve or straight line falls to the right, the relationship between the variable is inverse. This means that an increase in the value of the independent variable will cause a corresponding decrease in the value of the dependent variable. If the points suggest a horizontal line, or if the points are scattered about the page with no apparent trend, there is probably no relationship between the variables under the experimental conditions. If the graph is a straight line rising to the right, the relationship is probably linear and direct, and it the appropriate to perform a slope calculation. You may recall that slope = rise/run. 

To finish the graph, add a table of values and a title. The title names the two variables being related and the experimental conditions under which their relationship was tested. In the title, the dependent variable is usually named first. The title is either underlined or enclosed in a box, and place in a suitable empty space on the graph paper. 






      

      Figure 1. Example of a Good Graph

Graph Questions

What is your dependant variable?

What is your independent variable?

What is your highest data point?

How many grid lines do you have?


Peer Editing Form

Score (2 = always, 1 = sometimes, 0 = rarely or never)
	Score
	Title:
	Comments

	 
	       descriptive and appropriate
	 

	 
	Introduction:
	 

	 
	       sufficient background information so purpose of study is clear?
	 

	 
	       hypothesis and/or objective(s) of study clearly stated
	 

	 
	Procedure or Materials and Methods:
	 

	 
	       are methods clearly described?
	 

	 
	       research design is appropriate
	 

	 
	Results:
	 

	 
	       clear text description of results
	 

	 
	       figures and/or tables referred to in text
	 

	 
	       figures and/or tables are essential, proper format, and have clear captions
	 

	 
	       all relevant data is presented?
	 

	 
	       are results adequately analyzed by appropriate statistical methods? 
	 

	 
	Discussion:
	 

	 
	       all relevant data discussed?
	 

	 
	       data justifies conclusions/interpretations?
	 

	 
	       facts, calculations, and interpretations correct?
	 

	 
	       interpretations/conclusions compared with published works?
	 

	 
	Literature Cited:
	 

	 
	       sufficient and appropriate (related) for scope of study?
	 

	 
	       correct citation methodology in body of text (author date format)? 
	 

	 
	       correct bibliographic format?
	 

	 
	Overall:
	 

	 
	       report is clearly written and logically organized?
	 

	 
	       understanding of content clearly demonstrated by author?
	 

	 
	       spelling and grammar OK, easy to read?
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