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Learning to do Research Using 
Florida Coastal Everglades 
Long-Term Ecological Data
OVERVIEW 
In this unit, students will learn how to integrate technology and scientific research by analyzing data collected by scientists studying long term ecological processes in freshwater marsh, estuarine mangroves, and seagrass estuary ecosystems within the Everglades National Park. The Everglades National Park is part of the greater Everglades ecosystem that includes Lake Okeechobee and the Kissimmee River in central Florida. The Everglades ecosystem is a dynamic system which is impacted by natural factors such as climate, organic makeup, salinity gradients, natural disasters and anthropogenic factors such infused by  restoration effort to improve the flow of water toward South Florida, man-made fires and land development.

The students will access FCE LTER data collected in two major estuary ecotones Shark River Slough/Gulf of Mexico ecotone and Taylor River Slough/Florida Bay ecotone. The research at these two sites has taken place in two phases: Phase I which began in 2000 and concluded in 2006 and Phase II which began in 2007 and is currently in place until 2012. Phase I data focused on key research questions and/or major ecological processes. See An Introduction to Our Research (Phase I, 2000-2006)  available online. Phase 1 encompasses 7 working groups of scientists focused on the following areas: 1) Primary Production, 2) Soils and Organic Matter Accumulation, 3) Trophic Dynamics and Community Structure, 4) Nutrients and Dissolved Organic Matter, 5) Ecological and Social Modeling 6) Abiotic Factors and 7) Education and Outreach.

· Primary Production: Focuses on two plant species and their changes due to the influx of freshwater brought on by humans and by natural disturbances such as hurricanes.  The plants under study are Cladium jamaicense (sawgrass) the dominant freshwater plant in both the Shark River Slough and Taylor Slough and Mangrove forests which are common in the coastal regions.

· Soil and Organic Matter Accumulation: Looks at the how the elevation gradients affect the flow of freshwater which in turn affect the organic matter accumulation in freshwater and in mangrove wetland soils. 
· Trophic Dynamics and Community Structure: Involves the study of dynamic freshwater communities of aquatic invertebrates and fish as these relate to water depth, floating mat volume, emergent plant stem density by species, and estimates of plant cover. Tissue nutrients (carbon, nitrogen and phosphorus) are sampled to study the biogeochemical conditions.
· Nutrients and Dissolved Organic Matter (DOM): Studies how freshwater flow and local ecosystem processes alter the characteristics of dissolved organic matter or inorganic nutrients at each freshwater and mangrove research sites. Water samples are analyzed for nutrient concentrations dissolved organic matter (DOM) and salinity.

· Abiotic Factors: Determines how long-term changes in freshwater flow, which will occur primarily through the Everglades Restoration Project., will interact with long-term changes in the climatic and disturbance regimes and ultimately modify ecological pattern and process in coastal landscapes. 

· Ecological and Social Modeling: A research that focuses on a hierarchical modeling approach. The multi tier approach will also involve the application of simulation models to regional spatial databases to develop regional spatial models. 
· Education and Outreach: This group is comprised of scientists and other outreach personnel such as teacher researchers and students from grades K-16 who are participating in projects to study the Florida Coastal Everglades ecology and disseminate the value of long term ecological research to benefit our community. See a description of the Educational programs online.

The majority of the data collected by each primary group of researchers during this phase has been made public and can be accessed by students who wish to generate their own research questions and experiments. Students may also select initial data from Phase II which features 4 working groups (Primary Production, Trophic Dynamics and Community Structure, Biogeochemical Cycling and Organic Matter Dynamics and 4 cross-cutting themes Modeling and Synthesis, Human Dimensions, Climate and Disturbance and Hydrology available online at: An Introduction to Our Research (Phase II, 2007-2012).
BENCHMARKS
SC.912.N.1.1 Define a problem based on a specific body of knowledge, for example: biology, chemistry, physics, and earth/space science, and do the following: 
1. pose questions about the natural world,

2. conduct systematic observations,

3. examine books and other sources of information to see what is already known,

4. review what is known in light of empirical evidence,

5. plan investigations,
6. use tools to gather, analyze, and interpret data (this includes the use of measurement in metric and other systems, and also the generation and interpretation of graphical representations of data, including data tables and graphs),
7. pose answers, explanations, or descriptions of events,
8. generate explanations that explicate or describe natural phenomena (inferences),
9. use appropriate evidence and reasoning to justify these explanations to others,
10. communicate results of scientific investigations, and
11. evaluate the merits of the explanations produced by others
SC.912.N.1.1-Describe and explain what characterizes science and its methods.
SC.912.N.1.6- Describe how scientific inferences are drawn from scientific observations and provide examples from the content being studied.

SC.912.N.1.7- Recognize the role of creativity in constructing scientific questions, methods and explanations.
SC.912.N.3.1- Explain that a scientific theory is the culmination of many scientific investigations drawing together all the current evidence concerning a substantial range of phenomena; thus, a scientific theory represents the most powerful explanation scientists have to offer.
SC.912.N.3.5-Describe the function of models in science, and identify the wide range of models used in science.
SC.912.N.4.1- Explain how scientific knowledge and reasoning provide an empirically-based perspective to inform society's decision making.
SC.912.E.7.1- Analyze the movement of matter and energy through the different biogeochemical cycles, including water and carbon.
SC.912.E.7.3-Differentiate and describe the various interactions among Earth systems, including: atmosphere, hydrosphere, cryosphere, geosphere, and biosphere.
SC.912.E.7.4- Summarize the conditions that contribute to the climate of a geographic area, including the relationships to lakes and oceans.
SC.912.L.17.2- Explain the general distribution of life in aquatic systems as a function of chemistry, geography, light, depth, salinity, and temperature.
SC.912.L.17.4- Describe changes in ecosystems resulting from seasonal variations, climate change and succession.
SC.912.L.17.7- Characterize the biotic and abiotic components that define freshwater systems, marine systems and terrestrial systems.
SC.912.L.17.8- Recognize the consequences of the losses of biodiversity due to catastrophic events, climate changes, human activity, and the introduction of invasive, non-native species.
SC.912.L.17.9- Use a food web to identify and distinguish producers, consumers, and decomposers. Explain the pathway of energy transfer through trophic levels and the reduction of available energy at successive trophic levels.
SC.912.L.17.10- Diagram and explain the biogeochemical cycles of an ecosystem, including water, carbon, and nitrogen cycle.
SC.912.L.17.12 -Discuss the political, social, and environmental consequences of sustainable use of land.
SC.912.L.17.13- Discuss the need for adequate monitoring of environmental parameters when making policy decisions.
SC.912.L.17.14- Assess the need for adequate waste management strategies.
SC.912.L.17.16- Discuss the large-scale environmental impacts resulting from human activity, including waste spills, oil spills, runoff.

SC.912.L.17.18- Describe how human population size and resource use relate to environmental quality.
SC.912.L.17.20- Predict the impact of individuals on environmental systems and examine how human lifestyles affect sustainability.
LEARNING OBJECTIVES

As a result of participating in the LTER Online Experiment, the students will be able to:

1. Select and analyze data to understand the changes in the Everglades ecosystem throughout time.
2. Compare and contrast theories that explain natural and man-made long term ecological variations.
3. Gather evidence of how the Everglades Restoration Project has impacted the Everglade National Park and surrounding environments.
4. Learn how to collect, organize, tabulate and interpret online quantitative data. 

5. Become proficient in navigating, searching the Internet, exchanging information through the use of Email, summarizing and presenting their findings on a class web site.

6.  Develop critical thinking and science process skills that are essential for scientific research as evidenced by note taking, proper keeping of a research log and developing of the experimental design.
7. Display responsibility, self-management, mutual respect and consensus building in a collaborative group setting.

8. Interact and communicate effectively with scientists to discuss their findings from a real world scientific investigation (Ask a Scientist). 

ASSESSMENT 

The assessment will incorporate alternative assessment strategies suited to the needs of different styles of learners in accordance with current educational reforms. The assessment is embedded throughout the activities of the unit. Following is a list presenting some examples of assessments with the corresponding strategies. The final assessment of each student will be made based on the creation and organization of a research poster, Science Fair project display or research paper.

· Core Area Research groups review (Concept mapping- Story Map Activity)

· Active participation in class discussions and collaborative groups. (Teacher observation)

· Map reading skills (Map Activity).

· Development and organization of a science log to compile information and reflect on ideas (Performance Assessment Task)

· Analysis of the ecological diversity of the Everglades (Performance Assessment Task)

· Design of science investigation (Written assignment)

· Sequencing of procedures (Events chain)

· Analysis and Interpretation of Graphs (Written Summary of Graph)

· Presentation of research or scientific investigation in Symposium (Oral presentation)

 UNIT TIME FRAME

The estimated time to complete this unit is nine weeks with the possibility of extending this time frame through student participation as an intern in a research project with a scientist mentor.  

ACTIVITIES

A. Preparing to do Research
Encourage students to create a “Research folder” under “My Documents” where they will store all the work related to their research project. By carefully organizing all documents and keeping track of the sources, students can avoid plagiarism. 
As students work on all phases of their project, they will be asked to keep a Research logbook where they can record their research strategy, notes of primary and secondary sources such as books, articles, links and all information related to their project. Students can follow this Keeping a Logbook graphic organizer to set up their notebook. In addition, as students will be researching information to learn about their topic and the latest findings, they should develop good notetaking skills along with careful recording of all references. Notetaking can be done in 3x5 cards or in some instances electronically with specific software (i.e. NoteStar available online at: http://notestar.4teachers.org/) . Students can access the Notetaking handout to learn this important skill. 
B. Navigating the FCE LTER Site  

In order to guide students in their research skills it is important that they learn to navigate the Florida Coastal Everglades Long Term Ecological Research site at: http://fcelter.fiu.edu/
In order for students to learn how the research site is organized, they should start by reviewing the projects presented within the Phase I Working Research groups submenu located at: http://fcelter.fiu.edu/research/working_groups/?p=FCEI
1. Ask students to review the Areas of Research within the FCE LTER Phase I projects and summarize each in order to become familiar with possible areas of research. Students can organize their information using the Story Map handout. Discuss the maps in class to clarify any questions that the students may have about the projects. If any student wishes to review other projects they should click under the link for “Projects” found under the Research menu. 

2. Help the students become familiar with the FCE Research sites and learn to read the maps of the FCE LTER sites so they can relate the types of studies to each site. The maps are shown both in a Landsat and a Vegetation map and can be found at: http://fcelter.fiu.edu/research/sites/
Students need to learn to distinguish the two main areas “SRS” which stands for Shark River Slough and “TS/Ph” which represents the Taylor Slough/Panhandle site. By learning to read the map correctly students can read the coordinates where each of the research sites is located. Have student complete the Map Activity to make sure that they know how to interpret the map correctly. Students can download both the Landsat and Vegetation maps and a blank black and white map at the FCE Map Link to support their research project. The maps are available online at: http://fcelter.fiu.edu/data/GIS/?map=FCE_sites
3. Guide students in the use of Scientific Names for animals and plants commonly found in the Everglades. Have the students complete the Everglades Diversity Scientific Names Activity in order to learn how to locate and use scientific names and to learn more about each of these organisms which they may find in the datasets.
C. Applying the Scientific Method
Students need to understand how the Scientific Method can be used to as a logical step by step method to solve problems, test hypothesis and reformulate hypothesis when necessary. By following the Scientific Method students can take their observations to the next level and ask questions of what they wish to investigate. Students should be encouraged to make their hypothesis explicit and to write them down using terms that are measurable. As students determine their experiment, they need to outline the Experimental Design that they will follow. 
D. Using the FCE LTER Datasets
In order to use the FCE Data Sets the student can use the Quick Search and search either by scientist or by workgroup. For example for the workgroup “Soils and Sediments” there are ten datasets that the student can use. Students should become familiar with all the acronyms used in the original data. 

Before the data can be downloaded, you will need to fill out the FCE LTER Dataset Download Agreement. Have students practice filling out their information in the Sample Download Agreement provided.
Because the data is originally downloaded as an ASC II text file, students will need to learn how to convert these files into comma limited file and then into spreadsheet format to facilitate the reading of the data in columns. Instructions for manipulating the original FCE LTER Data is provided in a screen and step by step process in the document Manipulating FCE LTER Data Sets. 

 
E. Completing a Science Fair Project 
The work of a scientist is not done until he/she communicates their findings with others. A Science Fair Project provides a vehicle for that purpose allowing students to present the findings from their experiment either in a display board or a research paper. Once students have become familiar with the FCE LTER database, they may decide to use some of this data to propose their own investigation. The data available at the site lends itself to different types of research. Students can complete a descriptive study by taking a variable such as water levels and analyzing the changes over years as it is documented at different sites. Students can also propose a comparative study by attempting to find correlations between two variables for example temperature and water levels. Finally students can use the data for experimental design projects by choosing variables which they believe can occur as a result of other factors. Students can access data provided by different scientists in order to make these types of studies. Careful observation along with mastery in the use of a spreadsheet program is essential for the manipulation and analysis of large sets of data. 
In order to facilitate this task, students can access the file How to do a Science Fair Project which will guide them step by step in completing their research. By clicking on each section of the display board graphic, the students can learn more about the process of investigation and the requirement for each section of the report and display. 
Students should become familiar with the Intel International Science and Engineering Fair site where they can find the official rules and regulations for competition. The site is available at: http://www.societyforscience.org/ISEF/
Some students may be interested in participating also at the International Virtual Science Fair Contest which will take place for the first time this year using You Tube. More information about this innovative approach is available at: http://www.super-science-fair-projects.com/science-fair-contest.html
Teachers, students and mentors can review and evaluate the work by using performance task assessments, rubrics and check off lists for the major sections of the project (See Appendix). A timeline can also be a useful tool to help students keep on track and complete the project within the deadlines of the competition. It is important to involve the parents in the project from the beginning and inform them of the level of commitment that is expected. Teachers can communicate home through their school websites or through a letter (See Sample Letter in the Appendix section) to delineate the components and expectations of the project. Informed parents become important resources and support systems for their children helping them succeed through the different stages of the project.
APPENDIX

APPENDIX 1

Performance Task Assessment for Science Log
        Component 






 Points (0-2)









          Self           Teacher

1.  Dated entries.






____        ____

2.  Science concepts written in student’s words.

____
       ____


3.  Observations are organized and relevant.


____        ____

4.  Questions display critical thinking.


____
       ____

5.  “What if…?” statements show connections

 among variables studied.




____        ____

6.  Diagrams, sketches and drawings are clear 

 and are labeled.





____        ____

7.  References and resources used are included

 as needed. 






____        ____

8.  Information is presented in a sequential order. 

____
       ____

9.  Log is complete.





____
       ____

10. The writing is neat and legible.



____
       ____

APPENDIX 2

Science Fair 
Project Evaluation Rubric 

Student Name___________________________                               Date: _____________ 

Title of Project ___________________________________________________________ 

I.  Research  
	A.  Process 
      1.  Topic selection: creativity, unusual question 
      2.  Research notes and understanding of background
      3.  Originality of plan to solve problem
      4.  Knowledge of FCE LTER data set
      5.  Logbook organization 
	 10

	B.  Research Paper 
      1.  Cover 
      2.  Title page 
      3.  Dedication (optional)
      4.  Table of Contents 
      5.  Purpose/Introduction 
      6.  Content 

a.   Includes all background research 
b.  Surveys, graphs, etc. 
c.  Additional charts, pictures, visuals

      7.  Scientific testing information 
      8.  Conclusion 
      9.  Bibliography 
     10.  Proofread
	 30

	C.  Experiment Using the Scientific Method 
     1.   Clarity in stating the problem
      2.  Hypothesis is measurable and clearly identifies variables, controls used
      3.  Effective plan for study identifies control and constants
      4.  Procedure clearly written with details of steps
      5.  Materials completely listed and described
      6.  Data: displayed with graphs, charts, journal, record of observations, etc.  
      7.  Results and conclusion relate the hypothesis to the data
      8.  Recognition of limitations in accuracy and significance of results obtained

      8.  Further research is recommended
	 35

	                                                                                                   Subtotal score
	


II. Display Board  
	A.  Title name, date and class on display board 
B.  Purpose clearly stated
C.  Scientific process displayed 
D.  Overall presentation:  neat, attractive, creative, organized 
E.  Edited for mechanics of grammar, punctuation, spelling, etc.  
F.  Completeness:  contains evidence of all components of scientific method 
G.  Use of visuals:  graphs, pictures, models, etc. 
      H.  Project conforms to official size

Ii8i I.   Abstract is mounted in the left margin of the display. 

	15

	                                                                                                    Subtotal score
	


III. Oral Presentation 

	         A.  Communicates clearly 
          B.  Reflects preparation 
          C.  Faces audience with poise & eye contact 
          D.  Projects voice, displays enthusiasm 
          E.  Answers questions confidently and thoroughly
	10

	                                                                                                    Subtotal score
	


 






TOTAL SCORE       ____________

[image: image2.png]


                               APPENDIX 3
Sample Parent Letter
Dear Parent or Guardian

Felix Varela Senior High School would like to encourage your son/daughter to participate in the Dade County Public Schools Science Fair this year. Students who are enrolled in an advanced or honors class are urged to participate in this event, particularly if they would like to pursue a science career in the future. A project will be deemed eligible for competition if it addresses a new or engaging question and if it fulfills all of the required components: 

1. Title

2. Problem Statement

3. Background Information 

4. Hypothesis

5. Variables and Control

6. Materials/Equipment

7. Procedure

8. Data – Can include tables, graphs, pictures, photographs and/or diagrams.

9. Results – analysis of data, possibly including mean, mode and median.

10. Conclusion- a seven step conclusion 

11. Bibliography- minimum 3 sources cited in the correct format 

12. Abstract- a 250-word summary with purpose, procedures, results and conclusions

13. Data Log- a handwritten dated log of what was done on a daily or weekly basis 

14. Creativity- Projects should be innovative and creative.

Any project lacking one or more of the previously listed components will not be eligible for submission to the Regional Science and Engineering Fair. All information including rules and regulations, participation forms; dates for project registration, project check-in, judging and general information about the competition is available at: http://science.dadeschools.net/scifair/regionalFair.html
A group of teachers will be selected from the school according to their expertise in the topic selected by the students. The teachers will be available to provide the students with assistance throughout the development of the project and during the set up of the display boards. Students are responsible for providing the materials of their display. 

If you have any questions pleas contact the Science Department at 305-752-7900 ext. 2255

Sincerely,

The Science Department

Summary for Writing the Project
CREATIVITY- The best ideas for projects come from the students’ interests. Many times the student can address a topic with a new method or tools for measurement. Innovative ideas also come out of probing into a topic, which you already know, something about but have some new questions to be answered. 

BACKGROUND INFORMATION – This section is the review of the current research related to the topic or problem statement. The student should be careful to write clearly and provide information that will provide the reader with some general understanding of the topic. It is important to relate to any other research found on the topic and to cite the study providing numerical results and the findings. If any other studies are cited the investigator should mention the author and the date at the end of the paragraph (Heider, 2006). If any quote is used it should appear in quotation marks and the author should be cited as in the previous example. The end of the background information should lead into the present investigation. What are some possible applications of the experiment to the real world? 

BIBLIOGRAPHY – The bibliography should list all of the resources and references used for the research of the project. The resources should be relevant to the topic and fairly recent. A minimum of three resources is necessary and these should represent a variety or sources. If a certain source has more than one author the investigator can use “et al” to signify and all others. Entries should be organized alphabetically; according to the author’s last name.
Book by one author

Burton, V.  Life Story. Sandpiper Houghton Mifflin Books, New York, 12005.

Book by two authors

Russell, B. and Taylor, B.  Second Wind, Random House, New York, 2007.

Internet entry

“Water shortage in Florida” (Available online at: http:// www.DERM.org)

Magazine article

Nicholson, T. The Bigger Bite on Carbohydrates, Newsweek, January 14, 2004, p70.

Newspaper article

Rubin, N.  “Science in the Olympics” The New York Times, January 6, 2006, p 13.

No author

__________ “Sense and Sensibility in the Realm of Plants” Harper’s Magazine. November 2005.

Encyclopedia“Gyroscopic Properties”, The World Book Encyclopedia, 2005, vol. 9, 489

Interview Heider, Dr. Janet. Personal interview on medicine as a career. Miami, Florida. 2007
PROBLEM STATEMENT – The problem statement is the question that directs the investigation. The problem statement should indicate something new or different that can be answered by doing an experiment.  Make sure that your question cannot be answered by a simple “yes or no” response. 

The question should be clear and specific.

HYPOTHESIS- The hypothesis should suggest an answer to the problem statement. It is written in the future tense. The hypothesis should predict the relationship between the independent (manipulative) and dependent (responding) variable. It should be testable and measurable. It can be written as an “If___ then ___ statement.

EXPERIMENTAL DESIGN- Plan formulated to carry out the experiment. First you should decide what type of investigation you would be working with.  The simplest type of design is the descriptive investigation. This is an entry-level experiment that is used when little or no information is known about the topic.  The investigator will conduct simple observations and no control test is used.  

Descriptive study problem statement- What happens when…?  

(Ex. What happens when detergents are used to remove catsup stains from cotton)

The second type or comparative study is used when the investigator wants to test 3 or more tests or treatments against each other, to determine ranking or which is the best. In this type of study you do not have a control group to compare against.

Comparative problem statement- Which _____ is best for ____?

(Ex. Which detergent is best for removing catsup stains from cotton?)

The experimental study is used to find if the group, which receives the treatment, behaves similar or different to the control group. In an experimental study you can compare more than one test group against the control test.

Experimental problem statements – What effect does _____ have on  ____?

How do/does _____ affect _____?   To what extent do/does _____ affect ____?

      (Ex. What effect does soft water have on the removal of catsup stains from cotton?

      How does agitation affect the removal of catsup stains from cotton?

To what extent does higher temperature affect the removal of catsup stains from cotton?)

VARIABLES AND CONTROL- In any type of study, all the variables should be identified and controlled. All studies will have independent, dependent and constant variables. Only experimental investigations will have a control test

Independent or manipulative variable- The variable that was changed in the investigation (ex. amount of fertilizer used). There should only be one independent variable and it should have a clear operational definition of how it will be measured.

Dependent or responding variable- The effect of the investigation, which is observed/measured (ex. height of plants in centimeters, number of leaves, health of plant). A study can have more than one dependent variable. Dependent variables need to be defined operationally and defined the measurements in metric units. 

Constants- the factors which are kept the same in all tests/trials (ex. same soil, same type of plants, same amount of exposure to sunlight, amount of water)
MATERIALS AND EQUIPMENT- All materials and equipment should be used appropriately and listed completely.  List the quantities used in metric units for each material. Write the materials and equipments in column form, listing in order of highest to lowest importance for the investigation. (Ex.  2 beakers (100 mL), 5 g of calcium carbonate).

PROCEDURE – The sequential experimental process should connect to the hypothesis, to the data and to the results. The procedures should be listed as sequential steps with complete descriptions that allow any other scientist to repeat the experiment exactly. Both the amounts of materials and number of trials or repetitions should be clearly stated in this section. 

DATA- All studies should include both qualitative and quantitative observations. The data needs to be presented at least in three of the following forms: tables, graphs, charts, diagrams, illustrations and or photographs.

Qualitative observations – Qualitative observations organized in a table, may be presented as:


a) Nominal data- categories which do or do not display the observed characteristic

  (Ex. healthy/unhealthy plants)


b) Ordinal data- characteristics which are ranked by the investigator using a numeric scale to describe them (Ex. 0= no growth, 1= minimum growth, 3 = excellent growth). 


c) detailed descriptive statement of what was observed  

Quantitative observations – Quantitative observations should be organized in a table format (see example below)

STATISTICS
Derived data – Whenever possible the “raw” quantitative data should be analyzed statistically. The most common statistical analysis includes measures of central tendency, such as mean, median and mode. 

-For quantitative data, a mean average is the best central tendency measure.

-For nominal qualitative data (non-ranked categories), a mode is the most typical.

-For ordinal qualitative data (categories which can be ranked), a median is the most 
useful.

Number of trials -Is the number of trials sufficient? Remember number of trials, depend on the type of investigation, normally new problems require more trials. In order to be able to utilize inferential statistics to analyze your data you will need an adequate number of trials. Aim for the highest number of trials possible such as 20, 50 or 100, depending on the study. Great investigations go beyond the minimum of three trials.

DATA PRESENTATION
Tables - All tables should include a title with a clear description of the information contained in the table and the metric units used for the quantitative data. If more than one table is presented, these should be numbered.  

(Ex. Table 1. - Area of catsup stain remaining at different water temperatures (cm2), 

Table 2. - Color of catsup stain remaining after treatment at different water temperatures). 

To construct the table divide the section into three large columns. In the first column list the intervals of your independent variable from smallest to largest. In the second list the dependent variable subdivided into the number of trials and in the third column list any derived quantities. Some of the most commonly used derived quantities are the “mean, median and the mode”. Any statistical calculations will also appear in the third column.

Table 1. Title (units)

	Independent

   Variable



	            Dependent Variable

           Trials
	           Derived quantities

                    ex. Mean



	
	       1
	        2
	        3
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


GRAPHS - Select the correct type of graph (bar, line, etc) depending on the data that you are representing. Decide on the appropriate scales for the X and the Y-axis depending on the range and the values of the data. The independent or manipulative data is placed in the horizontal axis and the dependent or responding variable goes on the vertical axis. 

Make sure that the graph includes appropriate sub titles for both the x and y-axis and the corresponding metric units are found within parenthesis. Write a title for the graph, which is both clear and concise. As with the subtitles, the metric unit should be added within parenthesis. 

If a bar graph is used, the bars can be constructed using the derived quantities, unless it is important to show variations in the raw data. If a line graph is used, the data pairs for the independent and dependent variables should be plotted on the correct axis and the points should be connected. Draw the “best fit line” to show the general trend of your data.

Graph 1.  Title (Units)
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ILLUSTRATIONS- If illustrations are used make sure the drawings are realistic and a scale is included. All drawings should have beneath a legend with the illustration number and a description. If you are including observations done through a magnifying device be sure to include the power of magnification. Illustrations from a secondary source such as an encyclopedia or the Internet do not count as data. If illustrations from a secondary source are included these should be used to explain or clarify a particular concept of your research or procedure and should always cite the original source.

PHOTOGRAPHS -If photos are used to depict qualitative observations, they should be properly labeled and numbered. If photos of human subjects are shown, the faces should be covered or blacked out. Never include the subject’s name but use an assigned numbers for any labeling. 


DATA LOG- A data log is a written record of all the data collected in the investigation. As the investigator performs the experiment he/she should keep a dated record of all the measurements and observations (quantitative and qualitative) collected as temporary tables, handwritten detailed descriptions or sketches. Also included in the data log should be any organizational manipulation of the data, formulas and calculations done. It is advisable to keep the data log in a composition notebook, which should be made available to the judges of the project.

RESULTS - The results is the review of the experimental data written in paragraph form. The investigator should refer back to the data in order to detect any trends. As the outcomes are explained, reference to tables and graphs should be made. (Ex. As you can see in Graph 2 the average growth of lima beans with fertilizer was__). Upon discussing the data try to use mathematical terms as much as possible. Examples of mathematical terms are greater than, increased by 5 degrees, twice as much, less than, a decline of 10 units, etc. (Ex. The plants receiving 

5 g of fertilizer grew twice as much as the control group) 

CONCLUSIONS – The conclusion reports the major findings of the experiment. It also compares the outcome to the initial hypothesis stated and either decides that the data supports or accepts in the positive case OR rejects in the negative case. The following questions should be answered in a paragraph form of the conclusion section.

What was investigated?

Was the hypothesis supported or rejected by the data? Explain.

What were the major findings?

How did your findings compare with other researchers? (Only if other research is  

 available)

What possible explanations cay you offer for your findings?

What recommendations do you have for further investigations and for improving or 

  extending your experiment?

ABSTRACT - The abstract is a 250-word summary of the purpose, the procedure, results and conclusion of the experiment. The abstract is usually found at the beginning of the written research and on the board it should be located at the bottom left hand corner. Although the abstract is usually found at the beginning it is written last. Completion of the following sample guideline should help in writing the abstract.

The scientific investigation was about…

The purpose of this investigation was to…

In order to conduct this investigation, I …

The results of the experiment were …

I accept (or reject) my hypothesis because …

This investigation relates to… (Practical application)


Display and Safety Requirements
1. ABSTRACT- The abstract is displayed on the front left wing of the board, in the lower left corner.

2. SIZE OF DISPLAY- NO more than 48 inches wide.

3. ANIMALS- NO animals, vertebrate or invertebrate, living or dead, may be displayed.

4. SPECIMENS- NO taxidermy specimens or parts and NO preserved animals including embryos.

5. SENSITIVE PHOTOGRAPHS- NO visual presentations of surgical techniques, dissection, necropsies and/or other laboratory techniques depicting vertebrate animals or humans in other than normal conditions.

6. ORGANISMS- NO organisms (animals, microbes or plants), living, dead or parts, displayed.

7. SOIL/WASTE- NO soil or waste materials or samples may be displayed.

8. CHEMICALS- NO dangerous chemicals, including caustics and acids may be displayed. NO drugs may be displayed.

9. LIQUIDS- NO containers of water or liquids may be used for display.

10. PARTS-NO human or animal parts. Teeth, hair, nails, animal bones, histological sections and wet mount tissues slides are OK.

11. FOOD- NO human or animal food may be displayed.

12. SHARP ITEMS- NO syringes, needles, pipettes or anything sharp displayed.

13. CONTROLLED SUBSTANCES- NO poisons, drugs, or other controlled substances may be displayed.

14. DRY ICE-NO dry ice or other sublimating solids may be displayed.

15. FIRE- NO flames or highly flammable materials may be displayed.

16. TANKS- NO tanks that have contained combustible liquids or gases including butane and propane may be displayed.

17. MACHINERY- NO unshielded belts, pulleys, chains or moving parts that pose hazards may be displayed.

18. LASERS- NO lasers which do not meet the ISEF standards of operation. Only Class II, students operated, with warning signs, protective housing and power disconnect may be operated. NO class III or IV lasers may be operated.

19. HEAT- NO temperatures above 100 C unless adequately insulated.

20. ELECTRICITY- NO unshielded high-voltage equipment large vacuum tubes or ray-generating devices; NO batteries with open top cells; ANY non-insulated wiring or connectors. Electrical safety must be observed using ISEF guidelines

21. GLASS- NO glass, glassware, or thermometers may be displayed.

Time-Line for Science Fair Project Completion
Check the dates with your teacher and fill in the column. As you present the work your teacher will initial for your grade.

Dates


Teacher’s


Assignment




 Initials
______

_______
Select 3 topics and write a problem statement for each

______

_______
List 3 references and show notes about one topic

______

_______
Submit a hypothesis as an IF and THEN statement

______

_______
Submit a numbered procedures and list of materials

______

_______
Submit a detailed experimental plan 
______

_______
Submit signed forms and 1B)

______

_______
TEACHER APPROVAL- START EXPERIMENT

______

_______
Submit background information 

______

_______
Submit rough draft of data tables, drawings and photos

______

_______
Submit rough draft of statistical treatment

______

_______
Submit final draft of data and results


______

_______
Submit conclusions

______

_______
Submit bibliography

______

_______
Submit abstract

______

_______
Submit complete Science Fair project in a report form






FINAL TEACHER APPROVAL- DISPLAY
______

_______

Submit the Science Fair Project on a board

Legend





Legend
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