How are inventions different than investigations?

Investigators find out things for themselves. Inventors are engineers who design and make things that will solve problems. Engineering uses a scientific approach and both inventions and investigations depend on good questions, planning, using appropriate materials, collecting data, making sense of the data to verify the results, and presenting the results to others for review.

The National Science Education Standards encourage mastery by students of both engineering and science. Science seeks to find answers by investigating. Engineering seeks to apply science and technology to solve problems. (National Science Education Standards, National Academy of Sciences, p. 192)

Inventions are everywhere. Each time we see a new product, it is somebody’s invention. Fire alarms were developed to quickly to warn everyone of a possible fire first across cities to summon the fire department, then in buildings to save lives. Strobe lights were added to alert hearing impaired people. They will even wake someone out of a sound sleep. Each of these inventions required someone to recognize the problem, define the need, and come up with an invention that solved the problem. The inventions were carefully designed and tested and results were used to determine how well they worked.

While most people think of engineers as those who design buildings, cars, or spaceships, many engineering careers are in the areas of social engineering, urban planning, medicine and many other ways of meeting people’s needs. The design and development of an inexpensive water pump that works in remote parts of Africa has the potential to save millions of lives by providing them clean drinking water.

Which students should try inventions?

You may wish to have only an investigation science fair or only an invention science fair (sometimes called an invention convention). If you mix the two kinds of projects, all students will be doing science.

Students who are good problem solvers and especially students who like to think “outside the box” are good candidates to invent something for their science fair project. All students can become better at engineering, but for some, it is the most interesting way to apply their science skills.

Investigation

Students who want to find out things the as a scientist, will want to conduct a hands-on investigative experiment. While scientists study a whole area of science, each experiment is focused on learning just one thing at a time. This is essential if the results are to be trusted by the entire science community.

In an investigation, students:

· Ask a testable question 

· Research the topic 

· Make a hypothesis about the outcome based on the research or their own knowledge 

· Design the investigation 

· Conduct the investigation 

· Collect Data 

· Make sense of the data and draw a conclusion 

· Present their findings for peer review 

What is a Testable Question?

The key to a good and manageable investigation is to choose a topic of interest, then ask what is called a “testable question.” Testable questions are those that can be answered through hands-on investigation by the student. The key difference between a general interest science question and a testable question is that testable questions are always about changing one thing to see what the effect is on another thing.

Here are some examples of broader science questions and testable questions:

	Easy Testable Questions (recommended for elementary level)

	Broad Questions (lead to science reports)
	Testable questions (lead to investigations)

	How do plants grow?
	What amount of water is best to grow tomatoes? or What type of soil is best to grow petunias? or What amount of sunlight is best to grow daffodils?

	What makes something sink or float?
	How well do different materials sink or float in water?

	How do rockets work?
	How does changing the shape of a rocket’s fins change its flight?

	How does the sun heat up water?
	Does the sun heat salt water and fresh water at the same rate?

	What happens when something freezes?
	Do different liquids freeze at the same rate?

	What makes cars move?
	How does the surface on which a car moves affect how fast it goes?

	How do batteries work?
	Which type of battery lasts the longest?

	What makes a magnet attract things?
	Does temperature have an effect on a magnet’s strength?

	Why does ice melt?
	What is the best insulator to keep ice from melting?


	More Complex Testable Questions (recommended for middle school level)

	Broad Questions (lead to reports)
	Testable questions (lead to investigations)

	How do lubricants work?
	Which combination of lubricants will work best on a bicycle wheel?

	What can affect animal behaviors?
	What is the effect of a low-level electrical field on the movement of fruit flies?

	What happens when water expands as it freezes?
	How much force is needed to keep water from expanding as it freezes?

	What is soap?
	Which detergent removes stains the best?

	What is bread mold?
	What conditions keep bread mold from growing on bread?

	What do birds eat?
	What type of food and feeder will attract the most cardinals?


Inventions

According to the National Academy of Sciences, engineering is the application of science and technology to solving a problem. Invention is really about engineering a solution. For students, this can be:

· A problem they want to solve 

· A process or physical design they want to improve 

In designing and engineering a solution, students:

· Find a local problem or something that needs to be improved 

· Research it to find out what others know 

· Suggest a solution and explain why it should work 

· Design the solution and the method for testing to see if it works 

· Build and test the solution 

· Collect data to be sure your solution made a change 

· Make sense of the data – how do you know it worked, or didn’t work? 

· Develop a report and share it with your fellow scientists 

Note that sometimes the invention is a model or a sample set. Once the model or design shows that the solution can work, it can be applied to the real world. Examples are: improving the aerodynamic design of a model car; controlling the spread of a pest; improving building design to better conserve energy.

As with investigations, the key to defining the project is by posing the right question. Students can ask themselves, “What bothers me?” “What have I heard other people complaining about?” Is it something that could be fixed or improved on.

	General Science Topic
	Problem Examples
	Design Question

	Gravity and mass
	My backpack is too heavy to carry.
	How can I make it easier to get it to school?

	Dog behavior
	Our dog barks too much.
	How can I get him to quiet down without hurting him?

	Visibility
	When I'm in a crowd, I can't see around me.
	What can I do or use to help me see more?

	Conserving heat
	My juice gets warm in my lunchbox.
	How can I keep it cold?

	Reflection of sound
	The echo in our cafeteria is so bad that it's hard to hear, even when people talk quietly.
	What can we do to cut down on the echo in there?

	Plant Growth
	Our petunias dried out last summer and died after one week.
	How can I keep them watered without having to go out and do it every day?

	Remote Sensing
	We have to wait too long for the bus. We'd rather wait inside where it's more comfortable.
	How can we tell when the bus is approaching without having to wait at the stop?

	Food storage
	I make sandwiches ahead of time on Sunday, but by the end of the week, they go stale.
	How can I better preserve my sandwiches so the one I eat on Friday is as fresh as the one on Monday?

	Human accessibility
	My younger brother and sister are too small to reach the light switches. I always have to go turn on the light for them.
	How can I make it so they can turn their bedroom room lights on or off?

	Security
	I caught my brother in my room, but he says he never goes in there.
	How can I tell if someone has gone into my room when I'm not there?

	Convenience
	I sometimes forget my backpack.
	Is there a way to be sure I always take my backpack to school?

	Solar energy
	Sunlight coming in windows makes the house warmer in the winter. But we keep the drapes closed and forget to open them.
	Is there a way to make sure the drapes stay open when the sun is shining in the winter?


Validate Topic

As students select their topic and form their questions, they will need further guidance.

Have them think about their project in terms of:

	Time:
	will the investigation or building the design take more than the time allotted between now and the science fair?

	Materials:
	can you obtain the materials that will be required? Will the cost be too much?

	Safety:
	are the tools and other materials safe for you to use? Will an adult be available to help with anything that might not be safe for you to do alone? Are any of the materials ones that someone could be allergic to?

	Appropriateness:
	is the topic something that you can understand? Will the research require you to read things that are too hard?

	Animal care:
	if you are going to do anything with animals, will they be kept safe? Will you be putting anyone in danger who is allergic to the animals?


Science Fair Investigation Project Steps

· Choose a Project Idea 

· Conduct Background Research 

· Compose Hypothesis 

· Design Experiment 

· Collect Data 

· Analyze Data & Draw Conclusion 

· Print Science Fair Project Steps (PDF) 

· 10 Steps to an Investigation Project (Word) 

· Investigations Planning Sheet (Word) 

· Go to the first step in the process: Choose a Science Fair Project Idea. 

Choose a Science Fair Project Idea

A key step in the Science Fair process is to choose a science fair project idea. Jump start the idea flow by having young scientists consider what interests them—and this is the really important part—in the form of a testable question.

In Getting Started, an explanation of a “testable question” was given. You may wish to review that section in order to help students narrow the focus of their investigation.

· Review explanation of a “testable question”: How to Ask a Testable Question 

A good testable question sets up the investigation. Then it’s time to choose the details. The table below shows how testable questions could be addressed in an investigation. Any of the variables could be chosen as the changed or “independent” variable.

NOTE: It is not essential at elementary level to use the terms “independent, controlled, and dependent” variables. Students can use the questions, “What is changed?” “What Stays the Same?” and “Data Collected” to design and conduct investigations.

	Elementary Science Fair Project Ideas (Easy)

	Testable Question
	What is changed?
	What stays the same?
	Data collected

	What amount of water is best to grow tomatoes?  
	Amount of water (.5L, 1L, 2L)
	Soil, amount of light, type of plant, temperature, location
	Height of each plant over time

	What type of paper makes the best paper airplane?
	Type of paper
	Design of plane, size of paper, thrust, air currents
	Distance plane travels using the same amount of thrust

	Does the sun heat salt water and fresh water at the same rate?
	Salinity of the water (grams of salt per liter)
	Container, starting temperature
	Temperature over time (1 hour)

	What is the best insulator to keep ice from melting?
	Type of insulation in a container
	Amount of ice, starting temperature
	Time for ice to completely melt


	Middle School / High School Science Fair Project Ideas (Complex)

	Middle School Level Testable Questions
	What is changed? (Independent Variable)
	What stays the same? (Controlled Variables)
	Data collected (Dependent Variables)

	Which combination of lubricants will work best on a wheel?*
	Individual lubricants and combinations of lubricants
	Wheel size, axel type, thrust to start the wheel,
	Distance wheel will spin for each combination of lubricants

	Which detergent removes stains the best?
	Type of detergent, type of stain
	Type of cloth, physical process of stain removal
	Stain fading over time for combinations of detergents and stains

	What conditions keep bread mold from growing on bread?
	Conditions of containment, temperature, moisture
	Bread mold, type of bread,
	Spread of bread mold over time

	What type of food and feeder will attract the most cardinals?
	Bird food and feeder type
	Location, time of year,
	Number of cardinals attending each type of bird feeder with different foods


* this investigation was originally developed by William Garrett Pete, Discovery Young Scientist Challenge 2006 Awa

Investigation: Conduct Background Research

Once students have a testable question, it is important to do some background research. What do scientists think they already know about the topic? What are the processes involved and how do they work? Background research can be gathered first hand from primary sources such as interviews with a teacher, scientist at a local university, or other person with specialized knowledge. Or students can use secondary sources such as books, magazines, journals, newspapers, online documents, or literature from non-profit organizations. Don’t forget to make a record of any resource used so that credit can be given in a bibliography.

Gathering Background Research

· Helps students gain in depth knowledge about the topic and processes they will be observing during the investigation. 

· Sparks ideas about different variables to test when setting up the investigation. 

· Provides the basis for predicting what will happen in the investigation when making a hypothesis. 

· Provides the understanding needed to interpret and explain the results to others –especially a science fair judge! 

Investigation: Compose Hypothesis

After gathering background research, students will be better prepared to formulate a hypothesis. More than a random guess, a hypothesis is a testable statement based on background knowledge, research, or scientific reason. A hypothesis states the anticipated cause and effect that may be observed during the investigation. Consider the following hypothesis:

If ice is placed in a Styrofoam container, it will take longer to melt than if placed in a plastic or glass container. I think this is true because my research shows that a lot of people purchase Styrofoam coolers to keep drinks cool.

The time it takes for ice to melt (dependent variable) depends on the type of container used (independent variable.). A hypothesis shows the relationship among variables in the investigation and often (but not always) uses the words if and then.

Take a look at these additional examples:

· If a mixture of vinegar and baking soda are used, then more stains may be removed. I think this because vinegar and baking soda are used in many different cleaning products. 

· Tomato plants will grow best if they get at least 12 hours of light each day. This is based on research that says that tomatoes need lots of light. 

· When an object has a volume greater than 30 cubic centimeters, then it will sink in water. In the past, I have seen big objects sink. 

“The important thing about a hypothesis is not its initial accuracy. For instance, looking at the last example, students are likely to determine that the materials used or the shape of those materials will also impact an object’s ability to sink or float. For students who worry that their hypothesis does not match their experimental results, parents and teachers should emphasize the idea that all hypotheses are valuable regardless of their truth if they lead to fruitful investigations.” (Benchmarks for Science Literacy, 2003)

