INQUIRY ON ACIDS AND BASES

By Virginia Malone

The objectives:


to have students investigate acids and bases and indicators

to have students develop questions that can be answered by investigations


to enable students to develop their own unique investigations with simple materials


to recognize how student investigations are the same or differ from what scientists do


to have students ask inquiry questions following a cookbook activity

Steps to Investigations

1. Have students identify some known acids and bases using litmus paper and red cabbage juice.  Use any standard cookbook lab on testing for acids and bases.  The key is to have enough materials for every student to investigate.

2. In groups of two or three, the students ask as many questions as they about acids, bases, and indicators they can.  Allow about 2 minutes for this.

3. Make a master list of student questions on a transparency.  Each group adds one question to the master list until every group has presented at least one question.  Allow about 4 minutes, it is not necessary to list every single question, just enough for variety.

4. Group the questions into those that can be answered by looking in a book or asking an expert, and those they can only be answered by experimentation.  I just put a “B” by those that can be answered by looking in a book or asking an expert.  I put an “I” by those that can be answered by an investigation.  “G” by the really great essential questions that are looking for big ideas, but cannot be answered with a single experiment.  (Essential questions lend themselves to hypotheses, but that is another strategy.) “N” for questions not within the realm of science.  

Examples:  

Where does litmus paper come from? B  

Why does the color change? G

What will happen if I tested soil with litmus paper? I

Will red cabbage juice turn blue in soapy water?  I

How will red cabbage juice react with different kinds of food? I

Can other things be used as indicators?  G  
Will a blue morning glory flower turn red in acid? I  A more testable version of the above question.

Can grape juice be used as an acid base indicator? I

Will an acid stay acidic if I boil it?  I

Is NewSodaPop an acid or a base?  I

5.  Students look for commonalities in the way questions are phrased.   All of the questions that can be answered only by investigations tend to fall into certain patterns.  This takes about 3 to 5 minutes.

If students do not come up with these questions I give them some question starters, for example will it...; what will happen if I ...; how will it react to ...; what are the effects of..   I have students complete a few of these orally.  For example:  “What will happen if I put soap in the water.”  With immature students the starters with the personal pronoun “I” seem to work best.

Recall in journalism students are taught to ask who, what, where, when, and why.  In science the question starters are a little more complex, but the starters can be taught.  When students ask, “why” or “how does it...” I congratulate them.  These are the questions that scientists really want to answer.  However, only rarely can these questions be answered by a single experiment.  It may take 100s or even 1000s of experiments and many years to find these answers. These are the great questions, but I want the students to ask questions that can be answered by investigating.

6. Have students make a master list of  "Question Starters" for science investigations in their journals.  They should add to this list through out the year.  This list of “Question Starters” is best kept at the back of their journal for easy retrieval.  

Examples: who; what; where; when; why; how; will it...; what will happen if I ...; how will it react to ...; what are the effects of.... This takes about 3 to 5 minutes.

7.  Students return to their groups.  Using these question starters they generate a whole new set of questions that can ONLY be answered by experimentation.  Two or three minutes should be sufficient.  This part should move quickly so students can see the whole.

8.  The student groups (I prefer groups of two) chose one question that they can answer using the available equipment in one class period and materials they might bring from home.  It does not matter that some groups are trying to answer the same question.  In fact, this is a good thing and happens all of the time in science.  

9.  The students list the materials they will be using and the procedure.  They can only proceed to do the investigation with teacher approval.  Be sure that the procedure includes safety procedures.


Prompting questions:  

How will you record your results?  Would a table be helpful?  What titles would you use?  Would a list be better?  What safety rules must be followed?

10.  Each group completes their investigation.  As they are completing the experiments, move around the room asking questions you have prepared prior to the activity.   

Prompting questions:

You are answering the same question as group 1, but you are getting different results.  What should we do to find out why the results are different?  

Is ... an acid or a base?  How can you tell?  How many other things could you test?  

What are you using for a standard of comparison?  

11.  Each group reports on the results of their experiment.  They can include problems they had or new experiments they might try.  These oral reports should last only a minute or two.  Encourage students to ask questions or compare results.  

Prompting questions:   Did anyone else try this?  Tell us about your results were they same or different.  If they are the same does this happen in science?  What do scientists do when two groups get different results?  Should we compare procedures, solutions, or both?  Why is it important to have other people verify your results?  Do scientists work together like you did?  How is what we did like are different from the way scientists work?  How could your results be quantified?  What type of graph should be used for your data?

12.  Individual students reflect on the steps they took to in this investigation in their journal.  They write the steps followed during this investigation and compare their own steps with the steps of other students.

In order to get students started I ask them, what is the first thing we did today.  What did we do next?  I prefer that students do this independently and in writing.  (Students should come up with a list of steps that are essentially the same as the "scientific method."  The difference, these steps are theirs, not something they have memorized.)   Students will add to and subtract from these steps as they work with other activities.  This will become their method of solving problems.

13.  Make a master list of steps on a transparency asking different students to add to the list of steps.  I like to let my weakest students go first so they will have something to contribute.  I write the list on a transparency.   I will add steps or draw arrows to move steps. This will look very messy, but I use this to show students that everyone sees the process differently.

Students usually say something like, I did this first ...  Another might say, that was not what I did first.  That was the second thing I did.  This shows students that each person can view the process as they see it.  There is no set of steps that is the “correct” way.  Each student’s steps will be his or her own “scientific method.”  If you repeat this type of activity throughout the year, your students will begin to internalize a lot about the nature of science.

14.  Students should do some reading on acids and bases after this investigation.  This investigation is primarily used to engage students so they will want to learn more or do more.   

Use this questioning strategy through out the year in each topic you cover change acids and bases to pill bugs, grass seeds or whatever it is you are studying.  

No matter how trivial an investigation appears to be it can added to the whole body of knowledge of a student.  This is what science is about.  

Time for the science fair again, students should be able to come-up with investigations that are real investigations in one evening, using their question starters.  They may not be the greatest, but they will certainly be less painful to the elementary teacher who is trying to get 24 second graders to do different projects or to the high school teacher who is trying to motivate 150 secondary school students to participate in a fair. 

If you have, any questions about this process feel free to contact me.

Virginia.Malone@gmail.com



