Lesson Plan for Henrico 21 Awards
Teacher Name:  Anne Bohnet-Stuart 
Collaborators:  Media center specialists and Julia Brown (collaborative teacher)
Lesson Title:  Let’s Investigate!
Target Grade/Subject:  High School (9-12)
Length:  11.5 hours
Summary:  
Students will be randomly selected to work with a team to select a topic, research the topic, form a hypothesis, design a controlled experiment, conduct the experiment, collect and analyze data, and form a conclusion.  As the students arrive to class, each will draw a number, which will determine their team.  The students will know in advance that they will be conducting a controlled experiment, but they will not know the topic or their team members.  After the students have been placed with their team, the teacher will announce to the class that they will be conducting a scientific investigation on common pillbugs (Armadillidium vulgare), a common terrestrial isopod.  The teacher will provide the pillbugs and a variety of equipment for the students.  This equipment is a mixture of standard science equipment, along with Vernier Labquests and a variety of Vernier probes.  Students, after observations are made, must decide on a problem/question that the team can solve.  Students then conduct research, using the laptop or selected books, and form a hypothesis.  Students will develop a procedure which must be approved by the instructor.  Once approved, the students conduct the experiment and collect the data.  A formal lab write-up, completed in Microsoft Word is due the following class period, which must include all steps of the investigation, a data table, a graph, and all citations.  This project and assessment will serve as a “spring-board” to encourage students to choose a larger, community-based project which will be entered into the Metro Richmond Science Fair and/or the Virginia Junior Academy of Sciences.  Students will be required to select a topic and conduct the investigation over a period of time, turning in a paper that will be reviewed by science fair judges.  Some students will work collaboratively with other students to complete this task, some may choose a mentor in a medical field or an engineering field.  If accepted, students will be required to formally present and defend their project.
Essential questions or objectives:  
Students should develop an understanding of the evolution of scientific ideas and the process of scientific thought.  Significant concepts that the students should retain for years include solving a problem through scientific investigation, utilizing technology to collect and organize the data and results so that they can be useful and meaningful, and communicating and interpreting or explaining a set of observations.  Students should also demonstrate the ability to work effectively in a group and utilize scientific measurements and SI units when collecting data during an experiment.  Finally, all of these skills need to be applied to a real community problem, showing that their skills in problem solving, technology, and communication are essential skills needed in today’s world.  
Virginia SOLS:  Bio I:  The student will plan and conduct investigations in which:  A.  Observations of living organisms are recorded in the lab and in the field.  B.  Hypotheses are formulated based on direct observations and information from scientific literature.  C.  Variables are defined and investigations are designed to test hypotheses.  D.  Graphing and arithmetic calculations are used as tools in data analysis E.  Conclusions based on quantitative and qualitative data.  F.  Sources of error inherent in experimental design.  G.  Validity of data is determined.  H.  Chemicals and equipment are used in a safe manner.  I.  Appropriate technology including computers, graphing calculators, and probeware, is used for gathering and analyzing data and communicating results.

Resources:
Technology:  Dell Laptop, Microsoft Office Software, dissecting microscopes, Vernier Labquest, Vernier Carbon Dioxide and Oxygen probes (and chambers), Vernier pH probes, Vernier link cables (that plug into the computer).

Other equipment:  Test tubes, test tube racks, beakers, flasks, graduated cylinders, petri dishes, mortar and pestel, digital scale, light sources, salt, glucose solution, sodium hydroxide solution, toothpicks, petri dishes, rulers, aluminum foil, plastic wrap, paper towels, pipe cleaners, pH strips, construction paper, goggles, Microsoft Excel, Henrico County research database (OneSearch), and the Prentice Hall Biology Text Book.  Students could also request other items.

For more information on creating graphs in Excel graphs from the following web sites:

· http://spreadsheets.about.com/od/excelcharts/ss/line_graph.htm
· http://office.microsoft.com/en-us/excel-help/demo-create-charts-in-excel-2007-HA010200499.aspx
Lesson Development:

This lesson/assessment is a culmination of the study of chapter 1.  Below is an outline of what is done leading up to the final lesson/assessment.

· Day 1:  Classroom and lab safety:  Students must develop and present a safety presentation.  The collaborative teacher will assist with the lesson during a collaborative class.

·  Day 2:  Lab equipment:  Students use and review lab equipment including beakers, flasks, graduated cylinders, balances, microscopes, test tubes, Vernier Labquests and probes.  The collaborative teacher will assist with the lesson during a collaborative class.
· Day 3:  Students review the scientific investigation.  A sample investigation is done as a class.  The teacher gives the hypothesis “Exercise increases heart rate”.  Students must develop a procedure and use the Vernier Labquest and heart rate monitor.  The collaborative teacher will assist with the lesson during a collaborative class.
· Day 4:  Students continue to work on the scientific investigation, and complete simple investigations or worksheets on scientific investigation.  The collaborative teacher will assist with the lesson during a collaborative class.
· Day 5:  Students go to the library to learn how to conduct research using the computer and library resources.  Citations are also addressed.  
· Day 6:  Students graph using Excel or another software program.  Students are informed that they will be working with a team to conduct a scientific investigation on an unknown topic.

· Day 7:  Students enter the room and draw a number, which assigns them to a particular team.  A variety of equipment is placed in the room for the students to choose to use.  The goal is for them to complete an entire investigation from start to finish.  The team must determine the question or problem, conduct research, form a hypothesis, establish procedures, get the procedures approved by the instructor, conduct the experiment, organize the data, and form a conclusion.  The students will complete a formal lab write- up (at home) using the guideline provided.  The collaborative teacher will assist with the lesson during a collaborative class.
· Day 8:  Real-world applications of the projects are discussed and science fair topic selection and requirements are made.  Over the next few months, students will research their topic, conduct the experiment, and submit it to the Metro Richmond Science Fair or the Virginia Junior Academy of Sciences.
Evaluation Procedure:

Assessment of objectives:  
Below is a guideline for students to follow when writing their lab report.  I plan to communicate my assessment expectations to the students by using the below rubric and conversion chart (after the description of the student activity).
Scientific Investigation:

Many wildlife biologists investigate animal behavior.  Your team will be creating your own investigation on a living organism.  Be sure to observe your organism and discuss different factors that affect the behavior.  Then, develop an experiment to investigate one of these factors.

Be sure to follow all of the safety procedures that have been discussed.

Part one—Planning:

Variables:  (try to identify as many relevant variables as possible- what factors affect behavior)?
	Independent Variable
	Dependent Variable
	Variables (constants or control)

	
	
	
	

	
	

	
	

	
	

	
	

	
	


How can each variable be changed or controlled?
	Variable
	Changed or controlled by…

	
	

	
	

	
	


Research Question:  (Should be similar to “How does changing the independent variable affect the dependent variable.)
	


Hypothesis (Make a prediction and suggest a mathematical relationship between variables using a formula or graph.  Explain why you think your hypothesis is true using ideas about your research or through observation.  Include references to any sources of information.)
	


List of materials:

	


Diagram of Experimental Set-up:

	


Planned Procedure:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Part II:  Data collection, processing, presentation.  Create a table to record your data.  Be sure to include space in your table for calculations.

Graphing:  Create your graph using excel or another graphing program of your choice.  Be sure that your graph has a title and is appropriately labeled (including units).

Part III:  Conclusion and Evaluation

1. Conclusions.
2. Describe your data.  Are there any patterns in your results?

3. What does your data show?

4. Does your graph look the way you expected it to look?

5. Which parts of your hypothesis are supported by your data?

6. Explain your conclusions using scientific ideas.

7. Was there anything strange or irregular (or anomalous) about your data (e.g. outlying points, lots of “scatter”).  Can you explain this?

Evaluation:

1. How reliable are your results?  Do you have enough results to make a firm conclusion?

2. Did you make any changes to your method during the experiment?  Why did you make these changes?

3. How does your experiment model a real situation?  How valid is your method of investigation?  What factors are NOT taken into account by your model?

4. Were there any other weaknesses in the method you used?  What are the sources of experimental error?

5. What improvement can you suggest to your method to make your results more accurate or more reliable?

How does this relate to you, your community or your world?

1.  What other questions can be posed from your investigation?

2. What other ideas do you have for a science fair project?  Did this project assist you in developing ideas for your science fair project?

Scientific Investigaton Rubric 
	5-6
	3-4
	1-2
	0
	Comments

	The student properly collects and records all relevant numerical data and observations.
	The student collects and records most relevant numerical data or appropriate observations.
	The student collects and records incomplete numerical data or observations.
	The student collects and records no relevant data or observations.
	Collecting Data

	The student clearly and logically organizes, transforms, and presents data using mathematical calculations in an appropriate table, chart, or diagram.
	The student organizes, transforms, and presents data in an appropriate table, chart or diagram.
	The student attempts to organize, transform, and present data in a table, chart or diagram.
	The student provides no data in a table, chart or diagram.
	Organizing Data

	The student analyzes and interprets the data successfully using trends, patterns and relationships.
	The student analyzes and interprets much of the data using trends, patterns and relationships.
	The student analyzes and interprets some of the data.
	The student does not analyze or interpret the data.
	Analysis

	The student draws a clear and meaningful conclusion based on correct interpretation of the data.  The student uses their results to support their statements.
	The student draws a conclusion based on a reasonable interpretation of the data.  The student begins to use their results to support their statements.
	The student attempts to draw a conclusion based on their data.
	The student does not draw a conclusion.
	Conclusion

	The student comments effectively on the reliability of the data and the conclusion, providing meaningful suggestions for improvement.  The student also provides examples of meaningful future ideas that pertain to his/her community.
	The student comments on the reliability of the data and the conclusion, providing some suggestions for improvement.  The student provides some ideas for future projects.
	The student attempts to comment on the reliability of the data and the conclusion.  The student also attempts to provide future project ideas.
	The student does not comment on reliability or provide any future project ideas.
	Reliability and future project ideas


	Grade:  
  
	Point Value
	Percentage

	A


	6
	100

	
	5
	93

	B
	4
	85

	C
	3
	75

	D
	2
	65

	F
	1
	50

	F
	0
	0


TIPC Assessment:

Research and Information Fluency:  
The project falls in the “Ideal/Target” range of research and information fluency.  The teacher creates a structure for the students to follow (see the form distributed to the student).  This form is clear and allows the students to know EXACTLY what the teacher expects.  
This lesson also provides the students with varied research opportunities.  Students collaboratively researched a research topic, using the library, school and county resources.  All research collected was cited.  
A variety of scientific equipment and digital equipment is provided and used by the students to conduct their investigation.  Some of these tools included the Vernier Labquests and probes (these devices can read and record data for carbon dioxide and oxygen emissions, pH, temperature, heart rate, etc..), dissecting microscopes, digital graphing devices, beakers, graduated cylinders, etc… (See the resources section for an entire list of items available for student use.)  All of this equipment is available, but the students have to choose the appropriate digital tools and equipment to collect the data and evaluate the information.

The teacher then uses a rubric to assess the final product, which is a written lab report.  The students must also work collaboratively to form a scientific investigation procedure.  The information that they acquire is used to formulate additional questions for Metro Richmond Science Fair, which will accomplish real-world tasks relating to the community.  For example, one hypothesis included, “Pillbugs prefer a moist environment over a dry environment”.  Students create a habitat and observe the pillbugs behavior, monitoring and collecting data.  After the data table is complete, the students use excel to graph or they choose a graphing website to organize their data.  From this, questions such as, “Are pillbugs involved in composting?” and “Are they beneficial for the environment?” are answered. The result of this included a student completing his science fair project on composting.  He completed his project, wrote a 7 page paper and plans to attend the Metro Richmond Science Fair, where he will defend his paper and results.

Communication and Collaboration:

The project falls in the “Ideal/Target” range of communication and collaboration.  A very diverse group of students were randomly selected to work with a team to select a topic, research the topic, form a hypothesis, design a controlled experiment, conduct the experiment, and collect the data.  My classes are extremely diverse with students who are first generation students from India, Russia, China, Africa, and South America.  As the students arrived to class, each drew a number to determine their team.  The students knew in advance that they would be conducting a controlled experiment, but they did not know the topic or their team members.  After the students were placed with their team, the teacher announces the topic.  The topic is on common pillbugs (Armadillidium vulgare), a common terrestrial isopod.  The teacher provides the pillbugs and a variety of equipment for the students.  Students, after observations are made, must decide on a problem/question that the team can solve.  Students then conduct research, using the laptop or selected books, and form a hypothesis.  Students will develop a procedure which must be approved by the instructor.  Once approved, the students conduct the experiment and collect the data.  A formal lab write-up, completed in Microsoft Word is due the following class period, which must include all steps of the investigation, a data table, a graph, and all citations.  Students will be required to reflect not only the project but also reflect on the group work that was done.
This project and assessment served as a “spring-board” to encourage students to choose a larger, community based project, which is entered into the Metro Richmond Science Fair and/or the Virginia Junior Academy of Sciences.  Collaborative projects will be encouraged.  From this, questions such as, “are pillbugs involved in composting?” and “are they beneficial for the environment?” The result of this included a student completing his science fair project on composting.  He completed his project, wrote a paper and plans to attend the Metro Richmond Science Fair, where he will defend his paper and results.  Other students chose to work with mentors to complete their investigations.  
While groups of students work together, the teacher monitors and guides students, assisting students where necessary.  Students also work closely to determine their project and then students must write the paper, communicating in a formal scientific manner.  When students participate in the Metro Richmond Science Fair and the Virginia Junior Academy of Sciences, they will be communicating their project and project results to other students throughout the Metro Richmond area.  The student will also have to defend their paper while speaking to judges at the science fair.  The judges normally include engineers, college professors, scientists, etc…

Critical Thinking and Problem Solving:

This project also falls in the Ideal/Project Range.  Students must choose from multiple resources to plan, design, and execute how to solve a problem.  As they form a conclusion on one investigation, they must formulate new, open-ended questions, and design a new experiment for the Metro Richmond Science Fair or the Virginia Junior Academy of Sciences.

The team of students must not only choose a hypothesis but design a controlled experiment that is “scientifically sound”.  For example, one group of students chose the hypothesis, “If the temperature increases, pillbug respiration will increase”.  Their experimental design included placing a group of pillbugs in the “bio-chamber” in room temperature.  They then monitored the carbon dioxide emissions.  Students then increased the temperature and monitored the carbon dioxide rates again.  What a great hypothesis for a group of 13 and 14 year olds to come up with!  Not only that, but they designed an appropriate procedure to collect valid data, organize the data, and display these data.  Could this be applied to the world outside of the biology classroom?  As students started thinking of ideas for the science fair project, questions were posed such as, “do you think if a lake temperature increases too much that the fish will die?” “Does temperature affect the respiration rates of humans?”  Questions such as this resulted in one science fair project where students are testing the water quality of the James River and another student is measuring respiration rates of humans.  Other hypothesis included, “Pillbugs prefer a moist environment over a dry environment”.  Students created a habitat and observed the pillbugs behavior, monitoring and collecting data.  After the data table was completed, the students chose a graphing website to organize their data.  From this, questions such as, “are pillbugs involved in composting?” and “are they beneficial for the environment?” The result of this included a student completing his science fair project on composting.  Other students worked with mentors at VCU or engineering companies to complete their projects.  
These students used multiple resources to plan, design and investigate real-world and community based problems.  They chose the appropriate technology in a collaborative environment, and developed new open-ended questions to start another scientific investigation!

Creativity and Innovation:

This project also falls in the Ideal/Target range.  I was amazed at the originality and innovation of the students.  For example, one group of students chose the hypothesis, “If the temperature increases, pillbug respiration will increase”.  Their experimental design included placing a group of pillbugs in the “bio-chamber” (part of the digital equipment provided) in room temperature.  They then monitored the carbon dioxide emissions.  Students then increased the temperature and monitored the carbon dioxide rates again.  What a great hypothesis for a group of 13 and 14 year olds to come up with!  Not only that, but they designed an appropriate procedure to collect valid data, organize the data, and display these data.  Could this be applied to the world outside of the biology classroom?  As students started thinking of ideas for the science fair project, questions were posed such as, “do you think if a lake temperature increases too much that the fish will die?” “Does temperature affect the respiration rates of human?” Questions such as this resulted in one science fair project where students are testing the water quality of the James River and another student is measuring respiration rates of humans.  Other hypothesis included, “Pillbugs prefer a moist environment over a dry environment”.  Students created a habitat and observed the pillbugs behavior, monitoring and collecting data.  After the data table was completed, the students chose a graphing website to organize their data.  From this, questions such as, “are pillbugs involved in composting?” and “are they beneficial for the environment?” The result of this included a student completing his science fair project on composting.

The students applied their critical thinking skills, their research skills, and communication tools to create a project and then expand on that project.  The students, by participating in the Metro Richmond Science Fair and the Virginia Junior Academy of Sciences, will find themselves working with other students or collaborating with medical professionals or engineers to create an original work.
