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Instructional Component Used: Scientific Inquiry

Grade Level: 9-12

Content (what is taught): 

· How the scientific method is used to solve problems

· Steps in the scientific method
Context (how it is taught):
· Identify a problem and then use steps in the scientific method to solve it
· Share results in the classroom or at a science fair
Activity Description:

As a group, students will be given a problem to solve.  Working together and conducting research, students will attempt a solution.  Guiding questions will focus students on the scientific inquiry process.  Next, students will be given a task, and upon completion, they will relate what they did to the scientific inquiry process.  Finally, the entire scientific inquiry process will be completed by students to create a science fair project.

Standards:

Science: SA1,SA2                                    Technology: TB2, TB4, TC2, TC4, TD1, TD2

Engineering:  EA1, EA2                           Math: MD2, ME1, ME2

Materials:

Based on the experiment design students will need a variety of supplies including, but not 

limited to:

· Display boards

· Rubber cement glue

· Markers

· Construction paper

· Background paper

Asking Questions: (Scientific Method Goes To The Fair)
Summary: Have a class discussion on the different methods for solving a problem.

Outline:

· Teacher asks the class how they would solve a specific problem

· Groups of 3-4 students will brainstorm ideas for solving the problem

· Each group presents their idea to the rest of the class

· Together the class discusses how they came up with each solution and what parts of the scientific method they used.

Activity:  Students will work in groups.  They will be given a piece of composite hose to examine and will be asked to come up with a plan to make the hose with fewer layers of plastic, but retain the strength of the hose.  Students will be given 15 to 20 minutes to come up with a plan.  Then each group will report to the class their proposed solution.  The class will then discuss the questions below. 

	Questions
	Answers

	How do you go about solving a problem?
	Answers vary.

	What do you know about the problem?
	Answers vary.

	What do you need to know in order to find a solution to the problem?
	Answers vary.

	What parts of the scientific method did you use to come up with a solution?
	Answers vary.

	How is the scientific method used in industry?
	Answers vary.

	How are the scientific method and teamwork related?
	Answers vary.

	Do you use the scientific method in your daily life, outside of science class?
	Answers vary.


Resources:  

Access to computers with Internet access

Exploring Concepts: (Scientific Method Goes To The Fair)
Summary:  Students will solve a simple problem using the steps of the scientific method.

Outline: 

· Students are given a specific task to do

· Working in groups, students will complete the task

· Students will write down the steps they took to complete the task

· Students will match their steps to the steps of the scientific method

Activity:  Working in groups of two or three, students are given a snaps electrical circuit kit and asked to build a parallel circuit - one in which you can remove a device from the circuit, but the rest of the circuit still functions.  Students will work together to complete the task.  As they work, students will record the steps they take as they complete the task.  When they have successfully created a parallel circuit, students will match their steps to those of the scientific method.  A class discussion will be conducted to debrief the exercise.  Students will be guided towards scientific inquiry.  Ask these or similar questions:

1) What step of the scientific inquiry process is most important? Why?

2) Which step is the hardest to do?

3) Which step is the easiest to do?

4) How did you implement the steps of scientific inquiry in this exercise?

Materials:
· Snaps electrical circuit kit or lamps

· Alligator clip connectors with wire attached

· Energy source (1.5 - 9 volt battery)
Battery holder

· Instructing Concepts: (Scientific Method Goes To The Fair) 

Scientific Inquiry

Scientific Inquiry Process:  Scientific Inquiry is a very systematic process that scientist use to understand phenomena that are present in the world.  The process must be followed exactly without any deviation or any results that are obtained might not be valid.  There are six basic steps to the scientific inquiry process.

Step One:  Ask a question
In this step you ask a question that you want answered about something that you have observed.  If scientific inquiry is to provide an answer, the question must be framed in such a way that it can be measured preferably with a number. 

Step Two:  Make a set of observations regarding the phenomenon being studied

The scientist will observe the phenomenon that is being studied without out any bias.  It is important that the phenomena be researched in addition to observing it so that past information will be noted and past mistakes will not be repeated.

Step Three: Form a hypothesis that might explain the observations
The hypothesis should be framed in a format like “If I do this, then this will happen”.  This hypothesis must be measurable and should help you answer your original question.

Step Four: Test your hypothesis by doing an experiment

You will conduct an experiment that will prove your hypothesis true or false.  It is important that the experiment be unbiased and fair.  To do this you can only change one variable at a time and keep everything else the same.  Doing this insures that any change observed will be as a result of your experiment and not some other factor.

Step Five:  Analyze your data and draw conclusions
Once your experiment is done you need to analyze your measurements and see if your hypothesis is true or false.  If your hypothesis is false (a common occurrence), you should start the entire process again with a new hypothesis.  Even if you find your hypothesis to be true you may want to devise another experiment to test your hypothesis again.  Multiple experiments that validate your hypothesis make your conclusion stronger.

Step Six:  Communicate your results

If your hypothesis stands up to multiple tests you should report your results in a final report.  This might take the form of a journal article in a professional or scientific journal.

Organizing Learning: (Scientific Method Goes To The Fair)
Summary: Students will do a science fair project using and documenting the steps of the scientific method.

Outline: 

· Each student will identify the problem they will try to solve

· Students will work through the scientific method to solve the problem

· Students will document their work in a journal as they go

· Students will make a display board summarizing their work

· Students will present their project to the class and/or to judges at a science meet

Activity:  This is a long project and may take students several weeks or months to complete.  Consider beginning this project at the start of the school year when going over the scientific method.  Students can work on the project outside of the classroom.  Specific deadlines should be made for the students to help them complete the project by a certain date.  The students will be given a list of problems they may choose from.  They may also choose their own problem if they have something already in mind, but it must be approved by the teacher.  Students will research the problem while recording the results of their research and citing sources.  Next, students will write a hypothesis based on their research. Students must then come up with an experiment to test their hypothesis.  When students have designed their experiments, have them exchange designs with another student to determine if the design is detailed and complete enough.  Many times students will not include enough information in their experimental design for someone else to be able to copy their work.  Once the experimental design is complete and approved by the teacher, students may begin their experiment.  Once the experiments are complete, students will form a conclusion about their hypothesis and write a conclusion.  Preparing the display boards may be done at home or in the classroom.  Students may share results within the classroom and/or take their projects to a science fair to share their results.

Resources:
Science Fair Ideas: http://www.sciencebuddies.com/
Understanding Learning: (Scientific Method Goes To The Fair)
Summary:  Students will demonstrate a working knowledge of the scientific method by writing a paper describing how they used the scientific method to solve a problem.

Outline: 

· Formative Assessment of scientific inquiry

· Summative assessment of scientific inquiry 

Activity:  Students will be assessed on scientific inquiry by completing writing prompts.

Formative Assessment
As students are engaged in the lesson ask these or similar questions:

1) What part of the scientific method are you using now?

2) Will you always use the scientific method in exactly the same order?

3) How is using the scientific method more effective than using other methods such as trial and error?

4) Where in your daily life do you use scientific method?

Summative Assessment
Students can answer the following writing prompts:
1) Describe the process of scientific inquiry.  Be sure to state all the steps and what goes into each step.

2) Students will be given a paper describing an important discovery and will asked to answer questions about the scientific method as it is reflected within that account.  For the paper and reflection questions see attached file:

S082-SHINE-Scientific_Method_Goes_To_Fair-U-Assessment.doc
Attachments:
S082-SHINE-Scientific_Method_Goes_To_Fair-U-Assessment.doc
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