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Developing Inquiry Thinking in the Sciences
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RET I Experience:

In the marine biology lab working with Dr. David and graduate student Marla Ranaletti, work was being done to understand the reproduction and development of Undaria Pinitifida, a Japanese Sea Kelp commonly known as Wakami.

Undaria Pinitifida is an invasive kelp that has been discovered in harbors throughout California and the Northern States. The concern is weather or not undaria pinitifida has the potential to choke out local populations of sea kelp. The study focused on methods to naturally eradicate the kelp through an understanding of undaria’s light, nutrient and substrate requirements.

RET II Experience:

Through the experience in the Marine Biology lab it became apparent how important questioning skills are and the development of reliable tests to determine answers to valid questions. When presented with the tasks of performing these tests the immediate response was to stand in awe of the development of the tests that would lend valuable insight into the nature of the object being studied, in this case undaria pinitifida. It was the reaction to the experience in this lab that led to the desire to develop a curriculum that would encourage students to partake in inquiry thinking and aid them in developing their own experiments.

What is a “Good” Question?

There are two basic types of questions, divergent and convergent. 

A convergent question is one it which there is only one correct answer to the question. These type of questions are most evident in our standardized testing. Do not mistake these questions as having only a “yes” or “no” answer but has having a simple “correct” or “incorrect” answer. Such questions fall along the lines of: “What are the four seasons?” “How many legs does an insect have?” or “What are the three main states of matter?”  These type of questions are great for gathering information on a students current level of knowledge, review previously learned information, increase retention  and prepare them for higher order questions.

A divergent question may have many equally valid answers. These questions promote divergent thinking, creative thinking and problem solving. Some examples of divergent questions are:

Nuclear energy, wind energy, solar energy and water energy have all been suggested as ways of supplying energy that do not use up our fossil fuel supplies. Which of these do you think would be best for our community? Why?

Your favorite beach has been eroding away each winter until only a strip of sand 3 feet wide is left. What could be done to keep the rest of the sand from disappearing as well?

Divergent questions can be used during problem-solving situations or during process activities to encourage thinking. These type of questions are used whenever children are to be involved in problem-solving situations or in situations where they are able to use their knowledge in new ways.

Encourage a Spirit of Healthy Questioning

Science, mathematics, and engineering prosper because of the institutionalized skepticism of their practitioners. Their central tenet is that one's evidence, logic, and claims will be questioned, and one's experiments will be subjected to replication.

In science classrooms, it should be the normal practice for teachers to raise such questions as: 

· How do we know? 

· What is the evidence? 

· What is the argument that interprets the evidence? 

· Are there alternative explanations or other ways of solving the problem that could be better? 

The aim should be to get students into the habit of posing such questions and framing answers.

This means that teachers must take care not to convey the impression that 

they themselves 

or the textbooks 

are absolute authorities whose conclusions are always correct. 

http://www.hi.is/~joner/eaps/cs_sciqu.htm
Figure 1. Scientific Inquiry Cycle
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But what are the essential traits of inquiry? Hinrichsen and Jarrett (1999) describe four essential traits of scientific inquiry as connecting personal understandings with those of sound science, designing experiments, investigating, and constructing meaning from data and observations.

Scientific inquiry begins by building upon what students already know and believe, as well as, the experiences that each individual brings to the classroom (Driver, Duck, Squires, & Wood-Robinson, 1994). Connections that individuals make to the world and to their own learning enable them to become engaged and explore the vast scientific knowledge that is available. This step is extremely important because many students develop misconceptions about scientific concepts. Throughout this phase of learning, students build on their own understanding and continually question and rethink scientific ideas and phenomenon.

Designing a plan to investigate the questions that students bring to the classroom is the next challenging step. Students must be able to write procedures, determine materials needed, and decide on relevant data gathering techniques that will answer the question. Students become the "scientists" and continually reflect and refine their scientific skills. Collection, interpretation, analysis and presentation of the data are the next crucial steps of scientific inquiry (Haury, 1993). Presentation can encompass a wide range of activities and include journal notes, table and graph interpretations, or describing variables of an investigation. Communication of new understandings is the goal. 

Phase 1: 
Students engage with a scientific question, event, or phenomenon. This helps students make connections with what they already know, creates dissonance with their own ideas, and /or motivates them to learn more. 

Phase 2: 
Students explore ideas through hands-on experiences, formulate and test hypotheses, solve problems, and create explanations for what they observe.

Phase 3: 
Students analyze and interpret data, synthesize their ideas, build models and clarify concepts and explanations with teachers and other sources of scientific knowledge.

Phase 4: 
Students extend their new understanding and abilities and apply what they have learned to new situations.

Phase 5: 
Students, with their teachers, review and assess what they have learned and how they have learned it.

http://novationsjournal.org

INQUIRY THINNKING LABS

MATERIALS LIST

5 gallon plastic water bottle



cardboard box

matches





straight pins

alcohol






paper clips

empty jar with lid




cellotape

dry sand





paper cards

thermometer





clay

several 30 cm lengths of wire hanger


empty soda pop bottles

ruler






small electric fan

thick pencil





copper wire

eraser






activated charcoal

strong flashlight




detritus

corks






pH strips

large needle





ring stands

eyedropper





sand

black and white paper




vinegar

small jar with lid




dishwashing detergent

large drinking straws




heat resistant gloves

scissors





small nail

bottles






gravel

empty tin soda can




soil

hot plate





hand lens

bowl






plastic spoons

small, medium and large beakers


graduated cylinders

Erlenmeyer flask




rubbing alcohol

Alcohol burner




blocks of wood

Mothballs





scoop

Large steel nail




string

Glass baby food jar




transparent plastic container

Hammer





sandwich bags

Streak plates





rice

Magnifying glass




metric rulers

Safety goggles





paper cups

Pennies







Newspaper

Cloth sacks

Rock samples

Clear plastic cups

Pie pan

Cardboard bath tissue tubes

Eggs

Broom

Pyrex funnel-medium

Bottle caps

Web Sites for Research

UCSB Science Line

http://www.scilinks.org
http://www.scifair.org
http://www.exploratorium.edu
http://www.stemnet.nf.ca
http://school.discovery.com/sciencefaircentral/
http://www.ipl.org/div/kidspace/projectquide/
http://kids.earth.nasa.gov
http://sln.fi.edu
http://students.seg.org/kids/
http://www.pusd.info/pusdmvms/6thgrade/6SCIENCE/earthscience/EarthScience.htm
http://www.howstuffworks.com
http://www.minsocam.org/MSA/K12/rkcycle/rkcycleindex.html
http://www.earth.nasa.gov/
http://www.earthsciweek.org/contests/index.html
http://www.nexusresearchgroup.com/index.html
http://students.seg.org/kids/
http://www.rocksforkids.com/
http://www.usgs.gov/education/
http://www.llnl.gov/llnl/03education/science-list.html
http://www.ncsu.edu/sciencejunction/terminal/imse/lowres/1/earth.htm

Guideline for Growth in Inquiry Thinking

Student ________________________________
Inquiry Lab # ______________

GOAL:  A score of 9 or higher.

a = 3 points

b =  1 point

1.  Questions/Conclusions

a. Answers open-ended questions using observations, evidence, and previously accepted explanations.

b. Draws conclusions, not using evidence or previously accepted explanations.

Comments 
____________________________________________________________

2.  Understanding

a. Demonstrates an understanding or knowledge of the concept or skill

b. Offers only yes-or-no answers, memorized definitions, or explanations as answers.

Comments 
____________________________________________________________

3.  Self Evaluation

a. Evaluates his or her own progress and knowledge

b. Fails to express satisfactory explanations in his or her own words.

Comments 
____________________________________________________________

4.  Reaching further

a. Asks related questions that would encourage further investigation

b. Introduces new, irrelevant topics

Comments 
____________________________________________________________

SCORE :___________________
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INQUIRY LAB WORKSHEET

LAB #: _________

TITLE: _____________________________________
OBSERVATION:

QUESTIONS:

1.

2.

3.

Choose one of your questions and research an answer to it. (Attach more paper if necessary.)
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What could you do to test or conduct an experiment to test out your question?

What other questions does this bring up?

INQUIRY THINKING

LAB 1

The Whoosh Bottle
1. What is Energy?  How do we know what energy is?

2. Draw what you see:

BEFORE




AFTER

3. What are three questions that come to your mind after the demonstration?

I.



II.



III.

4. What results did you see?

A:
sight
___________________________________________

B:
sound
___________________________________________

C:
touch
___________________________________________

D:
smell
___________________________________________



E:
other
___________________________________________

5. How does this prove what energy is?

6. What materials do you have at your table?

7. How could you use these materials to also show that energy exists?

Table 1:


Empty jar with lid


Dry Sand


Thermometer

Table 2:


Several 30 cm lengths of coat wire hanger

Table 3:


Book


Ruler


Thick pencil


Eraser

Table 4:


Strong Flashlight


Piece of cork


Large needle

Eyedropper without the plunger, small end sealed shut with a flame and 1-1/2 to 1 inches cut off at the other end


Piece of paper black on one side and white on the other cut and folded as shown:





Small jar with lid

Table 5:


Several large drinking straws


Scissors

Table 6:


3 identical bottles


Pitcher of water


Wooden ruler

INQUIRY THINNKING 

LAB _____

The Collapsing Can

Student Page

MATERIALS:

Empty tin soda can


Hot plate or burner


Bowl of ice water

PROCEEDURE:

1. Put just enough water in the bottom of the can to cover the bottom.

2. Heat the can over the hot plate or burner.

3. Let the water boil vigorously.

4. Invert can in a bowl of ice water.

QUESTIONS:

What was in the can besides water?

What happens when the water is boiled?

What will the air in the can do when water vapor is formed?

What are three questions that come to your mind after performing this lab?

1. ______________________________________________________

2. ______________________________________________________

3. ______________________________________________________

INQUIRY THINNKING 

LAB _____

The Collapsing Can

Teacher Page

MATERIALS:

Empty tin soda can


Hot plate or burner


Bowl of ice water

PROCEEDURE:

1. Put just enough water in the bottom of the can to cover the bottom.

2. Heat the can over the hot plate or burner.

3. Let the water boil vigorously.

4. Invert can in a bowl of ice water.

QUESTIONS:

What was in the can besides water?

What happens when the water is boiled?

What will the air in the can do when water vapor is formed?

What are three questions that come to your mind after seeing this demonstration?

1. ______________________________________________________

2. ______________________________________________________

3. ______________________________________________________

EXPLANATION:

Before heating, the can was filled with water and air.  By boiling the water, it changed states, from liquid to gas. The water vapor pushed the air that was inside, out of the can. In inverting the can in cold water we trap the air outside of the can and prevent it from going back into the can. The cooling of the can condenses the water vapor back to water. All the vapor which took up the interior space of the can before is now turned into a few drops of water, which takes up much less space. This causes the pressure to drop and the atmospheric pressure is therefore pushing on the can and crushing it.

The total force working on the outside of the can is the total of the can’s surface area in cm2 multiplied by 1 kg.

INQUIRY THINNKING 

LAB _______

Changing Gas Into Crystals

Student Page

MATERIALS:


Medium size beaker


Erlenmeyer flask or beaker with larger base than 1st beaker


Alcohol burner and stand


Mothballs

PROCEEDURE:

1. Place 4 or 5 mothballs or a scoop of flakes in the beaker and heat it slowly over a small flame.

2. Fill the flask (second beaker) halfway with cold water and stack it on top of the beaker holding the mothballs.  

3. Leave the alcohol burner on until all the mothballs are melted, then blow the flame out and leave the flask on top of the beaker for another 5-10 minutes. (A longer time is even better.)

4. Lift the flask carefully and slant the bottom towards the students to show the crystals.

QUESTIONS:

What is the process of solid to liquid change called?

What is the process of solid to gas change called?

What is the process of gas to solid change called?

Where does the solid to gas change occur in daily life?

What purpose does the cold water have in the flask?

What other material behaves like the mothballs when heated?

What are three questions that come to your mind after seeing this demonstration?

1. ______________________________________________________

2. ______________________________________________________

3. ______________________________________________________

INQUIRY THINNKING 

LAB _______

Changing Gas Into Crystals

Teacher Page

MATERIALS:


Medium size beaker


Erlenmeyer flask or beaker with larger base than 1st beaker


Alcohol burner and stand


Mothballs

PROCEEDURE:

1. Place 4 or 5 mothballs or a scoop of flakes in the beaker and heat it slowly over a small flame.

2. Fill the flask (second beaker) halfway with cold water and stack it on top of the beaker holding the mothballs.  

3. Leave the alcohol burner on until all the mothballs are melted, then blow the flame out and leave the flask on top of the beaker for another 5-10 minutes. (A longer time is even better.)

4. Lift the flask carefully and slant the bottom towards the students to show the crystals.

QUESTIONS:

What is the process of solid to liquid change called?

What is the process of solid to gas change called?

What is the process of gas to solid change called?

Where does the solid to gas change occur in daily life?

What purpose does the cold water have in the flask?

What other material behaves like the mothballs when heated?

What are three questions that come to your mind after seeing this demonstration?

EXPLANATION:


By heating the mothballs, they change from solid into liquid state and also into the gaseous state directly. This first process is called melting or liquefying and the second is sublimation. Other processes are named in the following scheme:








       
       GAS



   Condensation



Evaporation

Sublimation



     LIQUID



    Sublimation



   Solidifying




Liquefying



  (freezing)

      SOLID

(melting)





Other materials that sublimate like mothballs are sulfur (found in craters of volcanoes, iodine and ice.

INQUIRY THINNKING 

LAB _____

An Eggciting Experiment

Student Page

MATERIALS:

3 drinking glasses or clear plastic cups

tap water

pie pan

3 cardboard bathroom tissue tubes

3 eggs

broom

PROCEEDURE:

1. Fill the glasses in a triangle near an edge of the table.

2. Set the pie pan on top of the glasses so that one edge of the pie pan extends over the edge of the table.

3. Place a cardboard tube vertically over each glass. Then place an egg sideways on top of each tube.

4. Stand the broom at the edge of the table so that the handle touches the edge of the pie pan. Carefully step on the bristles of the broom to hold it in place.

5.  Tell the students that you are going to knock the edge of the pie pan with the broom and challenge them to predict what will happen.

6. Pull the broom handle toward you and release it.

7. The broom handle should spring forward, driving the pie pan and the tubes out from under the eggs. The eggs should drop into the glasses of water directly below them.

QUESTIONS:

What are three questions that come to your mind after seeing this demonstration?

1. ______________________________________________________

2. ______________________________________________________

3. ______________________________________________________

Create an experiment of your own that demonstrates one of Newton’s laws.

INQUIRY THINNKING 

LAB _____

An Eggciting Experiment

Teacher Page

Be sure to explain Newton’s first law of motion. An object at rest tends to stay at rest and an object in motion tends to stay in motion with the same speed and in the same direction unless acted upon by an unbalanced force.
MATERIALS:

3 drinking glasses or clear plastic cups

tap water

pie pan

3 cardboard bathroom tissue tubes

3 eggs

broom

PROCEEDURE:

1. Fill the glasses in a triangle near an edge of the table.

2. Set the pie pan on top of the glasses so that one edge of the pie pan extends over the edge of the table.

3. Place a cardboard tube vertically over each glass. Then place an egg sideways on top of each tube.

4. Stand the broom at the edge of the table so that the handle touches the edge of the pie pan. Carefully step on the bristles of the broom to hold it in place.

5.  Tell the students that you are going to knock the edge of the pie pan with the broom and challenge them to predict what will happen.

6. Pull the broom handle toward you and release it.

7. The broom handle should spring forward, driving the pie pan and the tubes out from under the eggs. The eggs should drop into the glasses of water directly below them.

QUESTIONS:

What are three questions that come to your mind after seeing this demonstration?

Have kids develop their own simple experiment to demonstrate this first law.

EXPLANATION:


The broom applied force to the pie pan. When the edge of the pie pan struck the tubes, some of the force was transferred to the tubes. The tubes did not transfer enough of this force to the eggs to overcome their inertia. Therefore, the eggs remained in place until their support was removed. Gravity pulled the eggs downward until the water cushioned their fall and absorbed their downward energy.

INQUIRY THINNKING 

LAB _____

How Does a Geyser Work?

Student Page

MATERIALS:

Pyrex or aluminum pie plate

Medium sized pyrex funnel

Three bottle caps

Hot plate or burner and stand

Cardboard box

PROCEEDURE:


Observe the demonstration and write down your observations

QUESTIONS:

What did the water do when it was heated?

What made the water spurt out of the funnel?

What can we compare the cardboard surface to?

Why does the got water inside the earth escape to the surface?

What will happen when the heat is turned off?

How can we let the geyser erupt again?

How similar is volcanic action compared to geyser action? 

What are three questions that come to your mind after seeing this demonstration?

1. ______________________________________________________

2. ______________________________________________________

3.
______________________________________________________

INQUIRY THINNKING 

LAB _____

How Does a Geyser Work?

Teacher Page

MATERIALS:

Pyrex or aluminum pie plate

Medium sized pyrex funnel

Three bottle caps

Hot plate or burner and stand

Cardboard box

PROCEEDURE:

1. Fill the pie plate half full with water and place the funnel on it, resting on the three bottle caps.

2. Place the pie plate on the hot plate or over the burner.





water



hot plate

3. Heat the water in the pie plate until boiling. Make a hole in the bottom of the box, cover the whole set-up with it and let the funnel stem protrude through the hole. Observe geyser action!

QUESTIONS:

1. What did the water do when it was heated?

2. What made the water spurt out of the funnel?

3. What can we compare the cardboard surface to?

4. Why does the got water inside the earth escape to the surface?

5. What will happen when the heat is turned off?

6. How can we let the geyser erupt again?

7. How similar is volcanic action compared to geyser action? 

EXPLANATION:


By heating the water it expands. At the moment that it boils, water vapor is formed, pressure is built up under the funnel and this force pushes the water out of the funnel. When the heat is taken away, the water cools down and the eruptions stop. In order to start the geyser to erupt again, the water needs to be heated to boiling.


This demonstration illustrates clearly the similar working of the hot water under the earth’s surface, the build-up of pressure, and the release of the water through small cracks in the earth’s surface: called the Geyser. Volcanic action is quite similar except that instead of water, we have molten magma, which comes out of the mouths of volcanoes as lava.


To make it inquiry oriented, conceal the set-up and let students find out the reason why the water spurts out.

INQUIRY THINNKING 

LAB _____

Which is the Best Wind-vane?

Student Page

MATERIALS:


Drinking straws

Clay


Straight pins


Scissors


Paperclips


Empty soda pop bottle


Cellotape


Small electric fan


Paper cards


PROCEEDURE:

1. Use the materials provided to create working wind vane. 

2. The best one will turn fastest into the wind direction

QUESTIONS:

What are the conditions needed for the wind-vane to work?

What is the difference between the front and the rear part of your wind-vane? Is there a difference in surface area?

What must the horizontal bar be able to do to turn in the directions of the wind?

Where must the pivot of the arrow (horizontal bar) be located?

What can be used as a base or stand for the wind-vane?

How could you construct a wind-vane that points where the wind is blowing to,  (opposite to where it comes from)?

INQUIRY THINNKING 

LAB _____

Which is the Best Wind-vane?

Teacher Page

MATERIALS:


Drinking straws

Clay


Straight pins


Scissors


Paperclips


Empty soda pop bottle


Cellotape


Small electric fan


Paper cards


PROCEEDURE:

1. Provide students with straws, paper cards, pins, scissors, cellotape, paper clips and pop bottles

2. Ask students to construct a good working wind-vane (the best one will turn fastest into the wind direction)

3. Ask students what the conditions are for the wind-vane to work.

QUESTIONS:

What is the difference between the front and the rear part of the wind-vane? Is there a difference in surface area?

What must the horizontal bar be able to do to turn in the directions of the wind?

Where must the pivot of the arrow (horizontal bar) be located?

What can be used as a base or stand for the wind-vane?

How could you construct a wind-vane that points where the wind is blowing to (opposite to where it comes from)?

EXPLANATION:


In order for a wind-vane to work, one end must be wider in surface area than the other end. By taping a cutout card to one end of the straw, the area is increased at this end, but the weight at this end is also increased. To counterbalance this, paper clips are inserted at the other end. This makes it possible to place the pivot in the center of the bar.

INQUIRY THINNKING 

LAB _____

The Heat Race

Student Page

OBSERVATIONS:

QUESTIONS:

Why did __________ have to let go of the wire?

Why can __________ keep on holding the wire?

What can you infer about the wire _____________ is holding?

What is the method of heat transfer to ___________ fingers?

What might __________ need to do in order to be able to heat the cork longer?

What are three questions that come to your mind after seeing this demonstration?

1. ______________________________________________________

2. ______________________________________________________

3.
______________________________________________________

Can you create an experiment that demonstrates a property of heat?

INQUIRY THINNKING 

LAB _____

The Heat Race

Teacher Page

MATERIALS:


Two small corks


One long and two short pieces of copper wire


An alcohol burner





PROCEEDURE:

1. Cut the following lengths of copper wire: 10cm, two 4-1/2 cm.

2. Push the 10 cm. Wire through one of the small corks (see picture above).

3. Push the two short wires through each end of the other cork.

4. Let two students hold one end of the wire and keep the other end in the alcohol burner flame. (Do not tell the students that the wire in the one cork is split)

QUESTIONS:

Why did __________ have to let go of the wire?

Why can __________ keep on holding the wire?

What can you infer about the wire _____________ is holding?

What is the method of heat transfer to ___________ fingers?

What might __________ need to do in order to be able to heat the cork longer?

EXPLANATION:


The unbroken wire was let go of first because the heat from the alcohol burner was conducted to the end where it was being held making it too hot to handle. In order to keep holding the unbroken wire some non-conductor of heat needs to be put in place between the wire and the fingers.

INQUIRY THINNKING 

LAB ____

Clean Up Your Act

Student Page

MATERIALS:


Scissors


plastic 2L soda bottle with cap
small nail


Hammer


ring stand with ring


gravel


Activated charcoal

sand




soil


2000 mL of water 

1000 mL beaker (2)


hand lens



Detritus (grass and 

household vinegar 


pH test strips

       leaf clippings)

dishwashing detergent


heat gloves

2 plastic spoons




PROCEEDURE:

1.  Form a hypothesis about whether filtration will clean pollutants from water,

FILTRATION

2. Use scissors to cut the bottom out of the empty soda bottle

3. Carefully punch for or five small holes through the plastic cap of the bottle using a small nail and hammer. Screw the plastic cap onto the bottle.

4. Turn the bottle upside down, and set its neck in a ring on the ring stand. Put a handful of gravel into the inverted bottle. Add a layer of activated charcoal, followed by thick layers of sand and gravel. Place a 400 mL beaker under the neck of the bottle.

5. Fill each of the large beakers with 1000 mL of clean water. Set one beaker aside to serve as the control. Add three or four spoonfuls of each of the following pollutants to the other beaker: detritus, soil, household vinegar, and dishwashing detergent.

6. Record all your data in a table similar to the one below.

	
	Before cleaning

(clean water)
	Before cleaning

(polluted water)
	After filtration

(clean water)
	After filtration

(polluted water)

	Color
	
	
	
	

	Particles
	
	
	
	

	Odor
	
	
	
	

	Suds
	
	
	
	

	pH
	
	
	
	


7. Observe the color of the water in each beaker.

8. Use a hand lens to examine the water for visible particles

9. Smell the water, and note any unusual odors.

10. Stir the water in each beaker rapidly with a plastic spoon, and check for suds.

11. Use a pH test strip to find the pH of the water.

12. Gently stir the clean water, and then pour half of it through the filtration device.

13. Observe the water in the collection beaker for color, particles, odors, suds, and pH. Be patient, it may take several minutes.

14. Record your observations in the table.

15. Repeat steps 12-14 using the polluted water.

QUESTIONS:

How did the color of the polluted water change after the filtration?

Did the color of the clean water change?

Did the filtration method remove all of the particles from the polluted water? Explain your answer.

How much did the pH of the polluted water change?

Did the pH of the clean water change?

Was the final pH of the polluted water the same a the pH of the clean water before cleaning? Explain 

What are three questions that come to your mind after performing this lab?

1. ______________________________________________________

2. ______________________________________________________

3. ______________________________________________________

Design your own experiment based upon the questions you came up with.

INQUIRY THINNKING 

LAB _____

Is 2 + 2 Always 4?

Student Page

MATERIALS:


2 - 100 mL graduated cylinders


Rubbing alcohol


Tap water

PROCEEDURE:

1. Pour 50 mL of rubbing alcohol into a graduated cylinder.

2. Pour 50 mL of water into a second graduated cylinder.

3. Have students carefully measure the two volumes and write the results on their lab sheets.

4. Ask students to predict what the total volume will be when the two liquids are combined.

5. Pour the contents of one cylinder into the other. Have another student measure the new volume. 

QUESTIONS:

What happened to the missing liquid?

Where both liquids the same?

What could you do to test the liquids and find out what happened?

How else might you show that when two things are added together the result is not what is expected?

What are three questions that come to your mind after performing this lab?

1. ______________________________________________________

2. ______________________________________________________

3. ______________________________________________________

INQUIRY THINNKING 

LAB _____

Is 2 + 2 Always 4?

Teacher Page

MATERIALS:


2 - 100 mL graduated cylinders


Rubbing alcohol


Tap water

PROCEEDURE:

1. Pour 50 mL of rubbing alcohol into a graduated cylinder.

2. Pour 50 mL of water into a second graduated cylinder.

3. Have students carefully measure the two volumes and write the results on their lab sheets.

4. Ask students to predict what the total volume will be when the two liquids are combined.

5. Pour the contents of one cylinder into the other. Have another student measure the new volume. 

QUESTIONS:

What happened to the missing liquid?

Where both liquids the same?

What could you do to test the liquids and find out what happened?

How else might you show that when two things are added together the result is not what is expected?

EXPLANATION:

Compounds are substances made up of more than one element. Water and alcohol are compounds. The smallest particle of a compound that still retains the properties of that compound is called a molecule. Molecules are often irregularly shaped. Because of this, a beaker full of molecules is also a beaker full of tiny spaces between those molecules, just as in a full cereal bowl there are spaces between the cereal pieces.

When liquids are combined, their total volume may be less than the sum of their individual volumes because, like alcohol and water, the molecules of each have different shapes and sizes. Although the two do not combine chemically, they do combine completely and uniformly. The spaces that exist between the molecules of each liquid are filled by the molecules of the other liquid.

INQUIRY THINNKING 

LAB _____

Why Do Eroded Mountains Keep Rising?

Student Page

MATERIALS:


A thin and thick block of wood


Sand


Scoop


Short piece of string


Transparent plastic container (or aquarium)

PROCEEDURE:

1. Tie two short pieces of string to the wooden blocks in such a way that about 10 cm. is separating the pieces of wood.

2. Fill the large container with water and let the two wooden blocks float on the water surface.

3. Place a heap of sand on the thick block so that it just floats above the surface of the water.

4. Transfer the sand little by little to the thin block with the scoop.

5. Observe the rising and sinking of each block.

QUESTIONS:

What do the two blocks represent?

How was the erosion of the mountain simulated?

How was the total height of the mountain affected by the transfer of the sand?

Why does the ocean floor stay relatively the same in depth?

What are three questions that come to your mind after performing this lab?

1. ______________________________________________________

2. ______________________________________________________

3. ______________________________________________________

Can you design an experiment to answer one of your questions?
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Why Do Eroded Mountains Keep Rising?

Teacher Page

MATERIALS:


A thin and thick block of wood


Sand


Scoop


Short piece of string


Transparent plastic container (or aquarium)

PROCEEDURE:

1. Tie two short pieces of string to the wooden blocks in such a way that about 10 cm. is separating the pieces of wood.

2. Fill the large container with water and let the two wooden blocks float on the water surface.

3. Place a heap of sand on the thick block so that it just floats above the surface of the water.

4. Transfer the sand little by little to the thin block with the scoop.

5. Observe the rising and sinking of each block.

QUESTIONS:

What do the two blocks represent?

How was the erosion of the mountain simulated?

How was the total height of the mountain affected by the transfer of the sand?

Why does the ocean floor stay relatively the same in depth?

What are three questions that come to your mind after performing this lab?

EXPLANATION:


The thick block of wood and the sand on top of it represent land with a mountain on it. The rainwater and the weathering erode the mountain and transport the eroded material to the ocean floor; represented by the thin block of wood. The erosion process is simulated by the moving of the sand with the scoop. The total height of the mountain above the water surface stays the same, even after taking some sand off, because the block gets lighter and floats higher above the water surface.


Similarly, the ocean floor (thin block) does not get much higher relative to the water surface, as it becomes heavier and thus floats lower.
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Adaptation Behooves You

Teacher Page

MATERIALS:


Student Inquiry Lab worksheet.


Variety of objects to simulate a rocky terrain, such as books, blocks, rocks


2 small plastic sandwich bags


250 mL of rice


Small paper cup


Metric ruler

PROCEEDURE:

1. Scatter several objects over a desktop.

2. Have students make a hypothesis about which type of foot is best adapted to rocky terrain.

3. Fill both plastic bags with 125 mL of rice and seal them. Place one bag in the paper cup.

4. Tells students that the objects on the desktop represent a mountainous terrain and the bags of rice represent different hooves of two goats of the same species. The rice in the cup represents an individual with hard hooves, and the bag of rice alone represents an individual with soft, padded feet.

5. Call on several volunteers. Ask one of the students to drop the cup with rice from 30 cm. above the “terrain”. Repeat this 10 times and have students record the number of times the “hoof” lands securely on the ground.

6. Repeat using the bag of rice.

7. Have students respond to their hypotheses.

QUESTIONS:

What might be an advantage and disadvantage of soft hooves? Hard hooves?

Which goat is more likely to live longer and pass on its genes?

Why might goats have adapted the way they have?

Have students write three questions that they would be able to form an investigation on related to the adaptation of different animals.

EXPLANATION:


The process by which an advantageous genetic feature increases in a population is called natural selection. According to this theory, individuals best adapted to their environment are more likely to become adults and pass on their genes. Genetic mutations occur all the time and that may have no effect on an individual’s chances for survival. Genetic mutations occur randomly; they are not a direct response to an environmental condition.


The process of natural selection ensures that the individuals best suited to the specific environment survive. It takes many generations to eliminate one gene or to select another. A mutation is not a negative change; it is merely a change. The environment does not determine whether a mutation occurs, but whether the animal with the mutation thrives.
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