Introduction to Inquiry Labs

What is an inquiry lab?

All or part of the procedure is written by the students.

How should an inquiry lab look?

1. Write one or more questions that will guide the lab instead of a procedure. Questions should be interesting and relate to real life. Questions should be worded so that they don’t lead students to a certain answer but allow students to reach the answer based on new or prior knowledge. 

2. Break up complicated labs into several questions that guide students while still allowing thought.  

3. Teach the materials and techniques needed to successfully write a lab procedure before the lab. Assigned readings and problems can be part of a prelab assignment. 

4. Clearly communicate to students what you want them to learn. Give them a clear task to perform, but provide minimal instructions on how to do the task.

Why should I use inquiry labs instead of cookbook (follow the procedure) labs?

1. Inquiry labs allow science students to think scientifically during labs.

2. Inquiry labs increase student achievement and narrows achievement gaps.

3. Inquiry labs allow students to construct their research and observations into knowledge while cookbook labs usually verify prior knowledge.

4. Inquiry labs allow students to use the scientific method instead of forcing them to follow a foolproof procedure.

5. Inquiry labs allow students to have problems. These problems allow students to apply what they know and to learn new things. Cookbook labs tend to avoid all problems.

6. Inquiry labs allow teachers to see what students preconceptions are instead of telling them what to think.

7. Inquiry labs encourage teachers to teach lab techniques instead of just writing them into a procedure.

8. Inquiry labs require students to understand the why and how of a procedure they create, while cookbook labs require reading.

9. Inquiry labs allow students to be creative and think of new solutions.

10. Inquiry labs teach students that science is challenging and interesting, while cookbook labs teach students that science is following directions.

11. Inquiry labs allow students to work together because they need help, not because I don’t have enough lab stations.

12. Inquiry labs encourage engagement and higher level thinking while cookbook labs encourage following directions.

13. The CA content standard in investigation and experimentation says students should develop their own questions and perform investigations.

What are the drawbacks to using inquiry labs?

· Thinking requires more time than just following directions.

-But it is a better use of time.

· Teachers must help students at all levels to gain the needed lab skills.

-But I should be doing this anyway. Inquiry labs help to identify students who need more instruction.

Converting Science Labs to Allow Inquiry

1. Decide what you want students to be able to do as a result of their investigation. These performance objectives should be very specific. For example, instead of just saying the purpose is to calculate density, you might want students to design a procedure that isolates one density variable at a time, measure mass using the tare function of a scale, calculate volume by using water displacement, calculate densities, and analyze data. Consider writing these objectives on the lab.
2. Keeping your objectives in mind, determine what skills and knowledge students need to conduct their investigation. Design lessons or assignments prior to the lab to teach these.

3. Keeping your objectives in mind, convert the purpose of the lab into a question. This question should be interesting, relevant and should allow students to develop further questions they want to investigate. You may write more than one question to guide complicated investigations.

4. Consider adding some predicting questions like:

a. What are some possible answers? 

b. Which answer will you investigate? 

c. Why did you pick that to investigate? 

d. What do you think your evidence will show? 

e. Why do you think your evidence will show that?

5. Remove all or part of the procedure. You want students to think as much as possible without getting stuck.

6. Remove words from the lab that lead students too much toward certain answers.

7. Plan general guidelines for how students should conduct their inquiries. Should they plan procedures in advance? Do they need your approval? Are there certain materials they can use or can they ask for anything?

8. Plan how you will assess the lab. No matter what written, visual, or oral method you choose, I suggest including the following in an inquiry lab: 

a. Students should explain how their procedure controlled for just one variable and how they accounted for random error. 

b. Students should evaluate their procedure and suggest improvements.

c. Students should communicate their evidence and any patterns they found.

d. Students should communicate their answers and how the evidence supports them.
e. Students should evaluate how certain they are of their results.

9. Consider having students develop their own question to investigate after answering the lab question.
Practice Converting to Inquiry: Cookbook Lab

 Le Chatelier's Principle

Purpose: Analyze color changes for the equilibrium Fe3+(gold) + SCN -(clear)  FeSCN2+(deep red) and relate them to Le Chatelier's Principle.

Materials:
50 mL beaker
droppers
0.1 M FeCl3



well plate
0.1 M KSCN
0.1 M Na2C2O4

Procedure:

1)  To the 50 mL beaker add 3 drops of FeCl3 and 3 drops of KSCN.  Record the color in a data table.

2)  Add enough distilled water of the beaker so that the deep color 
becomes very dilute and light in color so that any shifts in equilibrium are very obvious.

3)  Add about ten drops of this dilute solution to each of the six numbered wells in the six well plate. 

4)  Add one to three drops of FeCl3 to the first well and record the 
resulting color.

5)  Add one to three drops of KSCN to the second well and record 
the resulting color change.


6) Oxalate ions (C2O42-) will remove Fe3+ by forming a colorless complex ion. Add one to three drops of Na2C2O4 and record the resulting color change.

7) Pour the contents of your well plate and beaker into the waste container. Wash and dry the beaker, dropper and well plate and and return them to their original location.  Return any unused solutions as well.

Include the following in your conclusion.

•The net ionic equation for the reaction between FeCl3 and KSCN.

•Detailed descriptions of why the color changes or no changes occurred in steps #4-6 using Le Chatelier's Principle.

Practice: Inquiry Lab 

How to do an Inquiry Lab

1. Complete the prelab individually as homework before prelab day.

2. On prelab day, join your lab group. Talk about and write answers to the predictions below the lab question.

3. Talk about and write down the steps you will follow in your investigation.

4. Write down what materials you will need.

5. Turn in one of your prelab papers so your teacher can approve your procedure.

6. On lab day, investigate. Make sure you record all your data.

7. Organize and analyze your data to see if it supports an answer or if you need more investigation.

8. Repeat steps 3-7 until you have evidence that supports an answer.

9. Prepare your presentation. Labs where different groups investigate different parts of a question require a group oral report (see rubric).  Labs where everyone investigates the same question require a written presentation (see rubric).

10. At least once per semester your group must investigate a question of your own choosing which is related to a lab we do in class and give an oral presentation.

Class time involved: 15-30 minutes for prelab day, 55 minutes for lab day, 10 minutes to plan presentations, 40 minutes to give oral presentations.

Scoring Rubrics for Lab Presentations

Oral Presentation: 2-4 minutes                4=Completely 3=Mostly yes 2=Mostly no 1=Not at all

	
	4
	3
	2
	1

	Say what you are testing and summarize your procedure

 
	
	
	
	

	Present visual aid(s) (tables, graphs, pictures) that communicate your evidence and any patterns you found in your evidence.


	
	
	
	

	Communicate your answer(s) and explain how your evidence supports your answers.


	
	
	
	

	Communicate anything that you would like to investigate further.


	
	
	
	

	Members share the presentation fairly equally


	
	
	
	


Written Presentation                               4=Completely 3=Mostly yes 2=Mostly no 1=Not at all

	
	4
	3
	2
	1

	Include your names, a title, a description of what each group member contributed to the presentation, and the three bold sections below.


	
	
	
	

	Members share the presentation fairly equally


	
	
	
	

	Presentation is easy to read (neatness, spelling, well-written)


	
	
	
	

	Procedure 

List the steps of your procedure in enough detail that one of your classmates could perform it.


	
	
	
	

	Explain how your procedure controlled for just one variable.


	
	
	
	

	Explain how your procedure minimized error.


	
	
	
	

	Evaluate your procedure and recommend improvements.


	
	
	
	

	Data 

Include visual aid(s) (tables, graphs, pictures) that communicate your evidence. Choose a visual aid that shows any patterns you found.


	
	
	
	

	Explain the patterns you found and any exceptions.


	
	
	
	

	Results 

Communicate your answer(s).


	
	
	
	

	Explain how your evidence supports your answers.


	
	
	
	

	Evaluate how certain you are of your answer(s).


	
	
	
	

	List questions that you would like to investigate further.


	
	
	
	


Name___________________ Period___________

Lab Equipment Worksheet

List which piece of laboratory equipment from the following list would be most useful for each of the following tasks. Use each only once.

Balance

Beaker

Boiling bead

Bunsen burner

Buret

Clamp

Crucible and cover

Crucible tongs

Erlenmeyer flask

Evaporating dish

Forceps

Funnel

Gas measuring tube

Glass stirring rod

Graduated cylinder

Hot plate

Iron ring

Microspatula

Ring stand

Ring stand

Scoop

Test tube 

Test tube holder

Thermometer

Wash bottle

Wire gauze

Watch glass

Weighing paper

1)
Holding or heating chemicals which you need easy access to:______________________

2)
Holding something while heating to very high temperatures:_______________________

3)
Taking something in and out of a flame to gently heat it:

________________________________ (2 items)

4)
Measuring exactly 43 mL of water:________________________________

5)
Weighing 120 grams of sodium chloride:________________________________

6)
Suspending a beaker for hours over a Bunsen burner:







________________________________(3 items)

7)
Removing lots of solid chemicals from their container:____________________________

8)
Reducing splattering during boiling by adding this:_______________________________

9)
Mixing chemicals together:________________________________

10) 
Pouring acid from one container to another: ________________________________

11)
A container for boiling or swirling a liquid without splattering:_____________________

12)
Measuring temperature:________________________________

13)
Picking up a crucible:________________________________

14)
Picking up small items:________________________________

15)
For covering a beaker or putting a wet solid on to dry:____________________________

16)
For rinsing with distilled water:________________________________

17)
Suspending an Erlenmeyer flask for hours over a burner:

________________________________(2 items)

18)
Used to heat things quickly:________________________________

19)
Used to heat highly flammable materials:________________________________

20)
Placed on a balance to keep chemicals clean when weighing:_______________________

21)
A container used to dry a wet solid by heating:________________________________

22)
Used to measure how much liquid you have added:_______________________________

23)
Measuring the volume of gas produced: ________________________________

24)
Getting a just a few crystals out:________________________________

Name______________________Period_____

Making Measurements

What is the mass of the metal piece? Use weighing paper. _______

What is the volume of water in the graduated cylinder? _______

What volume of water has been let out of the buret? _______

What is the length, in cm, of the magnesium strip? _______

What is the volume of 10 pennies? Use water displacement and make sure the pennies are dry before you start. _______

What is the hottest part of a Bunsen burner flame? Use a copper wire held by tongs to judge. Cool the wire with water when you are done. Try adjusting the burner by opening the vent different amounts. 

Describe how to adjust the vent for maximum heat.

Draw a picture of your flame and indicate the hottest region.

What is the mass of metal in the water? Use decanting, evaporation, and weighing by difference. 

Let your sample cool until it is not burning hot before weighing it. _______

Reactivity of Metals

Learning Objectives: 

1. Write single replacement reactions. 

2. Construct an activity series.

Prelab:

1. What are some chemicals that most metals react with?

2. Which of these metals do you think are the most reactive? Order these from most reactive to least reactive: Al, Zn, Cu, Mg, Fe

Lab Question: A team of scientists wishes to explore an underground lake. They have found that the lake is acidic and contains dissolved metals. They are concerned that the metal fittings on their scuba equipment may react with chemicals in the lake. Which of the following metals should the team use? Al, Zn, Cu, Mg, or Fe. Order the metals according to their reactivity and report the chemical equations for any reactions that do occur.

Materials: You will solid pieces of Al, Zn, Cu, Mg, and Fe. You will also have acid and solutions containing dissolved Al, Zn, Cu, Mg, and Fe. What else do you need?

Procedure:

Boiling Point Elevation

Learning Objectives: 

1. Determine how dissolved solids affect boiling points.

2. Determine why different solids affect boiling points differently or the same.

Prelab:

1. Calculate the molar masses for the following substances:

a. C12H22O11

b. NaCl

c. KNO3

d. MgCl2

e. CaCl2

f. Al2(SO4)3

2. When ionic compounds dissolve they dissociate into ions while covalent compounds do not break apart. Write balanced chemical equations for what happens when the following compounds are placed in water. You can write water above the arrow as it is present on both sides of the equation and does not change.

a. C12H22O11  

b. NaCl  

c. KNO3  

d. MgCl2  

e. CaCl2  

f. Al2(SO4)3  

Lab question: What factor or factors are responsible for the boiling point elevation upon dissolving any chemical: mass added, moles added, or moles of particles added? For example, if adding 1 gram of any chemical to the same amount of water produces the same boiling point elevation, then mass added is responsible. But if adding 1 gram of different chemicals produces different boiling point elevations, then something else is going on.

Materials:You will have 0.1 moles of the chemicals listed above, and 150 mL of distilled water. What else do you need?

Procedure: 

Gum Lab

Learning objectives: 

1. Use a scale and weighing paper.

2. Calculate percent by mass.

Prelab

1. What percent of a piece of gum do you think is sweetener?

2. A 9.65 g piece of gum contains 1.10 g of sugar. Calculate the percent of sweetener.

3. Where does the sweetener in gum go as you chew it?

Lab Questions:

Xylitol is a common sweetener in sugar free gum. Xylitol can cause hypoglycemia (low blood sugar) if a dog eats more than 0.1 g of xylitol per kg that the dog weighs. Your 42 lb dog eats 5 sticks of gum. 

1. Will your dog need medical treatment to avoid death?

2. What percent of gum, by mass, is sweetener?

The Mole

Learning Objectives

1. Measure mass

2. Calculate moles and atoms or molecules

Prelab: 

1. How can you accurately weigh a chemical without getting the scale dirty?

2. What is the volume of 1 mole of gas at normal conditions (look up standard molar volume)?

3. Convert 4.86 g of copper to moles.

4. Convert 4.86 g of copper to atoms.

Lab Question: Your new spaceship is powered by a fusion reactor which uses atoms for power. You decide to pack as many atoms as possible into your fuel room which is at normal temperature and pressure. What element should you use?


Predictions

1.  What do you think your evidence will show?

2.  Why do you think your evidence will show that?

Materials: you will have access to 4 solid elements of my choosing. What other materials do you need?

Procedure:

Calculating Volumes

Performance Objectives:

1. Perform distance measurements.

2. Calculate volumes.

Prelab: 

1. Write down the mathematical formulas needed to calculate the following volumes:

a. Rectangular solid:

b. Cylinder:

c. Sphere:

2. Explain how you can measure the volume of something by putting it into water.

Lab Question: An alien race has run out of food and is planning to import humans. For proper nutritional labeling, they need to find out the volume of each food item. They promise to spare you if you will measure the volume of your lab partner. What is the approximate volume of your lab partner measured in cubic centimeters?

Materials:

Procedure:

Flame Test Lab

Learning Objectives:

1. Observe that different elements produce different colors.

2. Identify an unknown element by comparison to knowns.

3. Read MSDS sheets.

Prelab:

1. List the colors you have seen in fireworks.

2. Why do you think causes fireworks to be different colors?

Lab Question: Dear chemistry class, We suspect that a fireworks company here in China may be contaminating our local water supply. We have obtained the enclosed sample of wastewater that the company dumps into a stream. What metal(s) are in this sample? Are these metals dangerous to our health? Sincerely, Chen Wen

Materials: you will have a Bunsen burner, striker, wire loop, solutions of known composition containing barium, copper, calcium, lithium, potassium, sodium, and strontium, and the sample from the fireworks company. What else do you need?

Procedure: 

Penny Density Lab

Learning objectives: 

1. Measure the density of pennies. 

2. Determine how one variable affects the density of pennies.

Prelab: Read “Density” at http://www.visionlearning.com/library/module_viewer.php?mid=37
1. Define density.

2. Define mass.

3. Define volume.

4. What instrument do you use to measure mass?

5. What are two ways you can calculate the volume of a penny?

6. Which has a greater density: metal or wood?

7. How do you know it has a greater density?

8. Why does it have a greater density?

Lab Questions: An eccentric billionaire wants to build a floating mansion by gluing pennies together. The billionaire’s staff contacts you with worries that it won’t float. You recommend that they use the lowest density of pennies possible for the best chance at success. Your job now is to find out how to select pennies with low densities.

1. What is one factor that influences the density of pennies?

2.  What is the effect of that factor on the density?


Predictions

1. What are some possible answers to number 1? 

2. Which answer will you investigate? 

3. Why did you pick that to investigate? 

4. What do you think your evidence will show for number 2?

5.  Why do you think your evidence will show that?

Materials:

Procedure:

Teacher notes:


Tarnish and wear are two variables that are hard to separate. Tarnishing should add mass to the pennies but the more tarnish a penny has, probably the more wear a penny has which will reduce the mass.

Because of the increasing price of copper the US mint changed the composition of pennies in 1982. Prior to that the composition was 95% copper with 5% tin and zinc all mixed together to form bronze. After that the composition is 97.5% zinc in the middle with 2.5% copper as a coating.

If you have time, students can do a secondary investigation into their own questions concerning penny density after completing this inquiry.

Properties of Alloys

Learning Objectives:

1. Prepare alloys.

2. Compare the properties of the alloys by controlling for one variable.

Prelab:

1. What is an alloy?

2. List 3 common alloys, their composition, and their uses.

3. What properties would a metal have if it were good for the following uses:

a. Jewelry

b. Support beams of a skyscraper

c. An airplane wing

d. Electrical wires

4. What chemical reaction happens during corrosion?

Lab Question: Would copper, brass, or bronze (copper and tin or copper and aluminum) be best for each of the following uses (choose two to investigate)?

1. Jewelry
2. Support beams of a skyscraper
3. An airplane wing
4. Electrical wires

Materials: you will have copper, brass, and bronze metals of similar dimensions. What else will you need?

Procedure:

Teacher notes for the properties of alloys lab:

You can purchase copper, brass, and bronze electrodes that are the same size. This lab can be an entry to explaining the properties of metals with atomic theory. Here are some ideas for different tests students can perform:

Test corrosion with oxides (try salt water?), luster, malleability, conductivity, density, specific heat, hardness by trying to scratch it with different materials.

Measure fatigue failure by bending until it breaks. 

Approximate the stiffness by clamping one end and seeing how much weight it can hold before permanently bending.

Measure tensile strength by measuring tensile stress (internal resistance to distortion when pulled apart) in psi or N/m2 at which plastic strain occurs (the metal is permanently distorted, unlike elastic strain. Strain is distortion).
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