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Eighth Grade
Science Module 

8-1.2
Scientific Inquiry
Lesson A 

From the South Carolina Science Support Documents:
Indicator 8-1.2: Recognize the importance of a systematic process for safely and accurately conducting investigations.  

Taxonomy level: Remember Conceptual Knowledge (1.1-B)
Previous/Future knowledge: In 4th grade (4-1.3), students summarized the characteristics of a simple scientific investigation that represent a fair test (including a question that identifies the problem, a prediction that indicates a possible outcome, a process that tests one manipulated variable at a time, and results that are communicated and explained).  In 5th grade (5-1.3), students planned and conducted controlled scientific investigations, manipulating one variable at a time.  In 7th grade, students explained the reasons for testing one independent variable at a time in a controlled scientific investigation (7-1.3) and explained the importance that repeated trials and a well-chosen sample size have with regard to the validity of a controlled scientific investigation (7-1.4).

It is essential for students to know that if the results of a scientific investigation are to be considered valid there must be a systematic process for conducting the investigation.  This process must be designed safely and accurately.  

A scientific investigation that is conducted accurately involves: 

· Using appropriate tools safely and accurately 

· Making careful measurements

· Using mathematical formulas appropriately

· Representing numbers with appropriate units of measurement where applicable

· Recording data in organized graphs, tables, and charts

Assessment Guidelines: The objective of this indicator is to recognize the importance of a systematic process for safely and accurately conducting investigations; therefore, the primary focus of assessment should be to remember that an investigation should be organized, safe, and accurate.  However, appropriate assessments should also require students to identify ways to safely and accurately conduct an investigation; or recall conditions necessary for a valid investigation. 
Teaching Indicator 8-1.2: Lesson A – “Scientific Inquiry”
Instructional Considerations:

Prepare the FOCUS questions before you teach the lesson. They can be displayed through a projector (LCD, SMART or Promethean Board), written on the board during the engage activity or copied onto a transparency and used on an overhead.
This lesson is designed to be done in a lab environment. It is designed to help students recognize the importance of a systematic process for safely and accurately conducting investigations and to generate questions for further study on the basis of prior investigations. 
Preparation: Collect materials for the lab, and work with the "Gack" beforehand to have an understanding of how it works. Below is a recipe for GAK or GACK! which is not sold in stores. It's a lot of fun for kids, as it's a cross between putty and Jell-o. It can be easily formed into different shapes, but will quickly lose that shape and becomes a formless puddle once you stop manipulating it. It very inexpensive to make yourself. 
Combine: 
· 2 cups white glue (regular old Elmer's school glue) 

· 1 and 1/2 cups water 

· Food color of choice

Mix the above until it's not sticky. 

Separately, dissolve: 
· Borax (found in stores in the laundry section)  Borax- vary amount for each group of students from  1/2 tsp to 4 tsp   (1 tsp is the normal amount for this recipe)

· 1/2 cup of water

Add Borax solution to the glue solution. You will get a very thick clump of Gack when the two mix. Now you must work in the rest of the solution. With clean hands, knead the Gack to get it to mix well. This will take about ten minutes or so, and is not very difficult as the Gack easily separates between your fingers.  I recommend that children only be allowed to play with it on a table. If it gets stuck on any fabric, just soak it in water. In time, the Gack will simply dissolve.
Misconceptions: Upper elementary- and middle-school students may not understand experimentation as a method of testing ideas, but rather as a method of trying things out or producing a desired outcome. [1] With adequate instruction, it is possible to have middle school students understand that experimentation is guided by particular ideas and questions and that experiments are tests of ideas. [2] Whether it is possible for younger students to achieve this understanding needs further investigation. [3] 

Upper elementary-school students can reject a proposed experimental test where a factor whose effect is intuitively obvious is uncontrolled, at the level of "that's not fair". [6] "Fairness" develops as an intuitive principle as early as 7 to 8 years of age and provides a sound basis for understanding experimental design. This intuition does not, however, develop spontaneously into a clear, generally applicable procedure for planning experiments. [7] Although young children have a sense of what it means to run a fair test, they frequently cannot identify all of the important variables, and they are more likely to control those variables that they believe will affect the result. Accordingly, student familiarity with the topic of the given experiment influences the likelihood that they will control variables. [8] After specially designed instruction, students in 8th grade are able to call attention to inadequate data resulting from lack of controls. [9] 

Upper elementary- and middle-school students may not understand experimentation as a method of testing ideas, but rather as a method of trying things out or producing a desired outcome. [1] With adequate instruction, it is possible to have middle school students understand that experimentation is guided by particular ideas and questions and that experiments are tests of ideas. [2] Whether it is possible for younger students to achieve this understanding needs further investigation. [3] 

Safety Note(s): Students should observe all lab safety procedures as well as school and district policies. There are no chemical or physical hazards present if proper laboratory behavior is observed. 

Lesson time:
2 days (1 day equals 55 minutes)
Materials Needed:
Student worksheet: Conducting Accurate Investigations (Attached)
The following materials will be needed for both days.
· Recipe for Gack http://www.zipcon.net/~acerolf/recipe.htm
· White glue (regular old Elmer's school glue) 
· Water 
· Food color of choice
· Borax (found in stores in the laundry section) 
Each group will vary the amount of Borax used so give each group about 2 tsp.  (1 tsp is the normal amount for this recipe)
· Measuring device, such as a measuring spoon - one per group.
Focus Question: How can you conduct a safe investigation that produces valid results?
Engage: 
1. Explain to students that today they will be working with a new product called Gack. Show the students some Gack that you have made in advance to pique their interest. 
2. They are going to experiment with one component, or ingredient of the Gack to see what happens. In order to be able to tell others how you made your Gack have its distinct properties, you will need to conduct this investigation in a way that is safe of course, and systematically done. 
3. Ask students to state some ways to keep an experiment safe. (Accept all reasonable answers, including: Do not taste anything, report all accidents to the teacher, etc.)  

4. Ask students: How do we conduct an experiment to ensure that the results are accurate? (Accept all reasonable answers including that appropriate tools should be used safely and accurately, measurements are made carefully, units and other data are recorded in an organized fashion such as within a data table. If all of these answers are not given, use leading questions to bring out these responses from the class.)

5. Tell students: If we are experimenting with the ingredients in Gack, we cannot just throw them together, right? Why not? (Accept reasonable responses) How should we do it? (Measure)
6. Discuss the ingredients in Gack. In their investigation, students will vary and record how much Borax they use. Changing the amount of Borax used will change some of the properties of the Gack. 
7. Ask students what the dependent and independent variables are. (Borax and properties of Gack respectively) 
8. Ask students how they will record their data.  (In a table) 
9. Ask why the data needs to be recorded in a table. (So that students can tell what happened, if the data is not organized it is difficult to analyze the data)
10. What type of measurements will you be making? (Measuring the amount of Borax used - quantitative data) 
11. What might happen if your measurements are not accurate and recorded? (You do not know how much you used to create the observed properties of the Gack and it would be hard to replicate the results) 

Explore: 
1. Place students in groups of 3.

2. Distribute Worksheets for the activity (Gack investigation). 
3. Ask students to generate a question about the Gack. Remind students that their questions should ask about a relationship between the independent and dependent variables. 
4. As you walk around the room while students are working, ask leading questions to help students generate a question that asks how the properties of the Gack change as they change (increase) the amount of Borax used. 
5. Students add a measured amount of Borax solution to the glue solution and create their Gack.
6. Each time they combine the ingredients, students should measure and record (including units) the total amount of Borax that they mix with glue solution.

7. Each time students change the amount of Borax, they should record the Gack's texture, ability to flow, color, sliminess, odor.
8. After repeating the experiment two times, students should clean up their stations and finish their worksheet questions.
Explain
1. Bring the class back for a whole group discussion. Ask each group to report out about their findings; including a summarization of their data, and their conclusions. 2. Ask the class if the group's conclusions are reasonable based on the data the group collected, in other words, have the class evaluate each group's conclusions.
3. Ask the class why it was important to be careful about their math in this investigation (they had to add the original amount of Borax added to the amount they added in the second trial). What might happen if they added the amount incorrectly?
4. Ask the class how the procedure could be improved for this investigation.
5. Collect all worksheets.

Teacher note: You may want to cover the students' names and copy one GACK worksheet from each group to prepare for tomorrow's lesson when students will exchange worksheets, this will keep the work anonymous. 
Extend
1. Students complete the student worksheet: Conducting accurate investigations.

2. Review answers to this worksheet with the whole class.

DAY 2
Engage: 
1. Yesterday students created Gack with different properties using varying amounts of Borax. Today students will see how accurately they recorded their information. 
2. Group students as they were yesterday.

3. Give each group a worksheet that had been completed by a different group (best done anonymously, see teacher note above).

4. Students will use the information on their "new" worksheet to try to replicate the Gack described in the table.

Explore: 
1. Allow students to follow the measurements given on worksheets for the creation of Gack.

2. Compare the results of the new creation of Gack with the classmate's observations given in the data table. They should recreate both of the trials.

3. Ask students to evaluate the Gack worksheet by making comments in the margins regarding clarity (how easy it is to follow their investigation), accuracy of measurements, use of units, as well as alignment of conclusion with data collected.
Explain 

1. Ask each group of students to report out about what they discovered when using another group's science paper. In their report, ask students to include how valid the data was, and how well the conclusions aligned with the data collected.
2. Discuss findings of the new group as a whole class. If there is disagreement between the group that initially recorded the data and the group that replicated the investigation, attempt to discover reasons for the discrepancy.

Extend:
1. Instruct students to write a new question about Gack as a result of this investigation. The question should include the independent and dependent variables (for instance, what effect will increasing the amount of glue have on the smell of the Gack?)
2. Instruct students to describe how they would safely and accurately conduct an experiment to answer this new question. 
Answers should include: 
a) tools they would use
b) units they would record
c) how they would record their data
d) how they would ensure that measurements were taken accurately
e) arrangements taken to be sure all work is done safely
Student worksheet for GACK Investigation

Write out your question for your investigation - remember to use both the independent and dependent variables in your question.

Question: 

Hypothesis: 
Materials
· Glue mixture

· Borax - vary amount for each trial

· water
· measuring spoon
Procedure
1. Measure a small amount of Borax (1/4 to 1 tsp). 
2. Record the amount of Borax used. 
3. Add Borax to 1/2 cup of water and stir to dissolve the Borax. 
4. Add Borax solution to the glue solution. You will get a very thick clump of Gack where the two mix. Now you must work in the rest of the solution. With clean hands, knead the Gack to get it to mix well. This will take about ten minutes or so.
5. Observe and record the properties of your Gack, including its texture, ability to flow, color, sliminess, odor. 

6. When you have finished observing your Gack, you will add some more borax. Measure the amount you will add (1/4 to 1 tsp). 
7. Record the total amount of Borax in your Gack (original amount plus newly added).
8. Dissolve the Borax in 1 tablespoon of water.

9. Add the Borax to the Gack. Repeat the kneading process and record your observations. 
	Total amount of Borax used (include units)
	Properties of the Gack

	
	

	
	

	
	


Answer the following questions:

1. Was your hypothesis correct?

2. What conclusions can you make about your experiment? 

3. Based on what you learned in your experiment, write a new question that you can investigate with Gack (remember to include the independent and dependent variables in your questions).
Student Worksheet: Conducting Accurate Investigations
1.  Mary and Shawn are investigating how far a pencil will roll when they blow it across a class desk. To ensure that the experiment is conducted accurately, what tool should they use to record their data and what units would be most appropriate for their measurements?
2.  Garrett and Robert are observing the weather over a four week period. Why is it important for them to record their data in a table or chart?

3.  Jeremiah and Alexander are conducting an experiment that mixes chemicals in a beaker. They are conducting this experiment while wearing safety gloves and aprons. Regarding their attire, are they conducting this investigation as safely as possible? Why or why not?

4. John and Jacob are conducting an investigation in which they measure how long it takes for a toy car to roll across the room. Jacob counts off the seconds in his head as the car moves across the room, then John records that data in a table. How could this experiment be improved to be more accurate?

Answers for Student worksheet
1.  Mary and Shawn are investigating how far a pencil will roll when they push it with their breath across a class desk. To ensure that the experiment is conducted accurately, what tool should they use to record their data and what units would be most appropriate for their measurements?

They should use a ruler and record units in centimeters.

2.  Why is it important to record data in a table or chart?

Using a table or chart keeps data organized so that it can be easily reviewed and analyzed.

3.  Jeremiah and Alexander are conducting an experiment that mixes chemicals in a beaker. They are conducting this experiment while wearing safety gloves and aprons. Regarding their attire, are they conducting this investigation as safely as possible? Why or why not?

They should be wearing safety goggles.

4. John and Jacob are conducting an investigation in which they measure how long it takes for a toy car to roll across the room. Jacob counts off the seconds in his head as the car moves across the room, the John records that data in a table. How could this experiment be improved to be more accurate? Why is this important?
Jacob should use a stop watch or watch a clock rather than count off the seconds in his head to be more accurate. This is important so that the data is valid.
Standard 8-1:  The student will demonstrate an understanding of technological design and scientific inquiry, including process skills, mathematical thinking, controlled investigative design and analysis, and problem solving. 





Indicator 8-1.2:  Recognize the importance of a systematic process for safely and accurately conducting investigations. 





Other indicators addressed: 


8-1.4:  Generate questions for further study on the basis of prior investigations.
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