
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	 Eighth Grade Science

	Recommended  Days of Instruction:2 days
	(one day equals 55 minutes)

	Standard(s) addressed:  

	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.  

	Scientific Inquiry

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-1.5:  
Explain the importance of and requirements for replication of scientific investigations.

	SC Science Standards Support Document Resource List
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm

	See Science Module 8-1.5

	From the SC Science Support Document:

The objective of this indicator is to explain the importance of and requirements for replication of scientific investigations; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing the importance of repeated trials to detect patterns and trends in data.  However, appropriate assessments should also require students to summarize reasons why the results of an investigation may produce different results; recall the importance of replication; identify conditions necessary to collect valid data; or exemplify valid investigations.


Eighth Grade
Science Module 

8-1.5
Inquiry
Lesson A

From the South Carolina Science Support Documents:
Indicator 8-1.5:  Explain the importance of and requirements for replication of scientific investigations.
Taxonomy level: Understand Conceptual Knowledge (2.7-B)   
Previous/Future knowledge: 
In 3rd grade (3-1.7), students explained why similar investigations might produce different results.  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 (7-1.4), students explained the importance that repeated trials and a well-chosen sample size have with regard to the validity of a controlled scientific investigation. 

It is essential for students to know that for an investigation to be scientifically valid, replication within the procedures is important to verify the results and produce valid conclusions.  Scientists want to report true results; therefore, they conduct repeated trials so that patterns or trends in the data can be determined.  The more data that is collected through replication, the more reliable the results.  Without replication, errors in procedures or data collection may not be detected.  

While gathering data during an experiment:

· Data needs to be gathered more than one time under the same conditions and with the same measurement tools. 

· Repetition ensures that the experiment is valid and that the data is reliable. 

· Validity indicates how close the investigation is to being accurate and dependable.  

· As a result of validity, other investigations repeated the same way should produce similar results.


· When possible, measurements should be taken several times, and then the results averaged.  

· Each set of repeated data is called a trial. 

An investigation may involve a sample, or a portion of the total number, as a type of estimation.

· The sample is used to take a representative portion of the objects or population for research.

· A poorly chosen sample size can be unrepresentative of the whole.

· Careful observations made from a proper sample size or manipulating variables within that sample size result in information and conclusions that might apply to the whole population.

If an investigation is designed with too few trials or with an improper (too small) sample size, experimental data and the results will have invalid foundations.  Reasons why a repeated investigation could produce different results may be: 

· The setup of the materials was not followed properly. 

· Similar procedures were not followed in the exact same way.

· Appropriate tools were not chosen to complete the investigation. 

· Tools were not used properly. 

· Measurements were not taken accurately. 

· Different observations were collected. 

· Mistakes were made when recording data such as numbers written incorrectly. 

Assessment Guidelines:
The objective of this indicator is to explain the importance of and requirements for replication of scientific investigations; therefore, the primary focus of assessment should be to construct a cause-and-effect model showing the importance of repeated trials to detect patterns and trends in data.  However, appropriate assessments should also require students to summarize reasons why the results of an investigation may produce different results; recall the importance of replication; identify conditions necessary to collect valid data; or exemplify valid investigations.
Teaching Indicator 8-1.5: Explain the importance of and requirements for replication of scientific investigations.
Day 1

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.

Preparation for the lesson:
Prepare and set aside materials for the 8 stations. Prepare instruction sheets for the different stations.
Misconceptions:
Middle-school students tend to invoke personal experiences as evidence to justify a particular hypothesis. They seem to think of evidence as selected from what is already known or from personal experience or second-hand sources, not as information produced by experiment. [1] Most 6th-graders can judge whether evidence is related to a theory, although they do not always evaluate this evidence correctly. [2] When asked to use evidence to judge a theory, students of all ages may make only theory-based responses with no reference made to the presented evidence. Sometimes this appears to be because the available evidence conflicts with the students' beliefs. [3] 

Most high-school students will accept arguments based on inadequate sample size, accept causality from contiguous events, and accept conclusions based on statistically insignificant differences. [4] More students can recognize these inadequacies in arguments after prompting (for example, after being told that the conclusions drawn from the data were invalid and asked to state why). [5] 

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: 
10 cars, 5 cars need to be of a different mass. (For stations 1, 2, 3 you will need two cars with different masses, station 4 and 5 will each need one car with a mass different from the other.)
8 meter tapes

8 ramps (boards can be used if race track ramps are not available)

5 balances


Books for raising ramps
Focus Question: How can we be sure that our experimental data is accurate?
Engage: 

1. Ask students how they can ensure that the data they collect during their experiments are valid.
2. Ask students to record their ideas in their science journals.

3. Show students some of the race cars they will be using today. Ask students if they have played with them before.

3. Tell students that today they are going to do some experiments using racecars to practice their data collection.

Explore:

1. Divide students into groups of 3-4. 

2. Each group should go to a different station and complete the investigation found there. (Each group will complete one investigation.)
3. Students should record all observations on their data sheet.
4. Upon completion of the investigation students should clean their area.

Explain:
1. Ask each group to report out about their conclusions. Go in order of stations, station 1, then station 2, and so on.

2. After each group reports out, ask the other students if they think that group's conclusions are valid. Students in groups that conducted similar investigations should notice discrepancies.

3. Place students in larger groups so that the groups that conducted similar investigations are together. Groups from stations 1, 2, and 3 are together, groups from stations 4 and 5 should be together, and groups from stations 6 and 7 should be together.

4. Ask students to compare their procedures and data collection to see if they can find reasons for their different conclusions. 
Note: Station 3 was a control for stations 1 and 2. Station 1 used different distances when recording data, station 2 used a different procedure. At station 4 they measured in inches, while station 5 used centimeters. Station 6 used a poor procedure (the ramp was too steep) and did not repeat trials, station 7 used a better procedure and repeated trials.
5. During the discussions, walk around to be sure students recognize that data needs to be gathered several times using the same measurement tools and units, and under the same conditions - asking leading questions if necessary. Students should record findings in their journals.
6. After students critique their classmates' data collection they should report out about their evaluation of the processes. Classmates should take notes.
7. Note reasons why a repeated investigation may produce different results:

a) The setup of the experiment was different/wrong.
b) Procedures were not followed in the exact same way.

c) Appropriate tools were not used to complete the investigation. 

d) Tools were not used properly. 

e) Measurements were not taken accurately or properly. 

f) Different observations were collected. 

g) Mistakes were made when recording data.

8. Explain to students that they may not have realized that they made a mistake if someone else had not tried to do the same experiment but in a slightly different way.

9. Ask students why it is important to replicate their investigations. Students should respond that if they do not repeat their trials they may not realize that a mistake was made; therefore, the more trials, the more dependable the results.
Remind students that when you conduct multiple trials, you would take the average of the resulting measurements.

Extend:
Instruct students to complete the review question worksheet. Go over the answers as a class to be sure that everyone understands the concepts.

Review Question Worksheet


1. Why is it important to conduct a number of trials when you are doing an experiment? 
2. What makes data valid? 
3. Give four reasons why different groups of researchers might get different results.
4. Why do scientists repeat each other's experiments? 

5. John and Kevin are testing the effect of streamlining their model cars to see if they can make them go faster. When they test the speed of the cars, they find that the cars went 20 cm in 4 seconds. They use the formula: (speed = distance divided by time) and conclude that the speed is 10 cm/second. Karen and Sarah try to replicate their experiment, but they get a rate of 5 cm/second. What is a possible source of these different results? 

6. Jeremy and Nathan are trying to determine which car moves the fastest. Jeremy and Nathan push their cars toward the finish line at the same time. For each trial, Jeremy's car wins. When Julie and Rebecca conduct the same experiment, Rebecca pushes one car at a time and the car that Jeremy had used loses in each trial. What could be a source of error in this experiment? 


7. Xavier and Margaret test the temperature of hot water placed in a glass container and a metal container. After ten minutes they take the temperature of the water in each container. They find that the temperature of the water in the glass cup has changed more than the water in the metal cup. They conclude that metal is a better insulator, retaining more heat than glass. What is an error made in this experiment? 

8. Let's say that you are trying to determine the effect that car weight has on speed. You push two cars of different weights and find that the heavier car goes faster. What is your next step? 
Answers to review sheet:

1. To ensure that the results can be repeated. 

2. It must be accurate and dependable, so that if someone were to do the same experiment they would get similar results.
3. Different setup; different procedure, tools, or measurements; measurement were not accurate, wrong tools were used, etc.
4. Scientists must repeat experiments to be sure they get the same results. There have been many experiments that have not been considered valid because no one could replicate the results.
5. John and Kevin miscalculated the speed.
6. Jeremy and Nathan both push the cars, one could be pushing the car harder resulting in a greater speed.
7. They need to repeat the trial several times.
8. Repeat the trial


Station worksheets for Part 1
Station1 - Mass and Distance
Follow all directions exactly as written.

Question: How does mass affect distance traveled?

Prediction:

Materials 

2 toy cars

balance

ramp 

books to raise ramp

Meter tape

Procedure:

1. Measure the mass of each car.

2. Place 3 books under the ramp. 

3. Place the car with less mass at the top of the ramp.

4. Release the car.

5. Measure the distance from the top of the ramp to the point where the car stopped.

6. Record your data in a table.
7. Repeat steps 3-6 two more times.

8. Place the car with the greater mass at the top of the ramp.

9. Release the car.

10. Measure the distance from the bottom of the ramp to the point where the car stopped.

11. Record your data in a table.

12. Repeat steps 8-11 two more times.

	
	Car with less mass
	Car with greater mass

	Distance travelled
	
	

	Distance travelled
	
	

	Distance travelled
	
	


Average distance traveled:
Conclusion:
Station 2 - Mass and Distance
Follow all directions exactly as written.

Question: How does mass affect distance traveled?

Prediction:

Materials: 

2 toy cars

balance

ramp 

books to raise ramp

Meter tape

Procedure:

1. Measure the mass of each car.

2. Place 3 books under the ramp. 

3. Place the car with less mass at the top of the ramp.

4. Push the car down the ramp.

5. Measure the distance from the top of the ramp to the point where the car stopped.

6. Record your data in a table.

7. Place the car with the greater mass at the top of the ramp.

9. Release the car.

10. Measure the distance from the top of the ramp to the point where the car stopped.

11. Record your data in a table.

	
	Car with less mass
	Car with greater mass

	Distance travelled
	
	


Conclusion:

Station 3 - Mass and Distance 
Follow all directions exactly as written.

Question: How does mass affect distance traveled?

Prediction:

Materials: 

2 toy cars

balance

ramp 

books to raise ramp

Meter tape

Procedure:

1. Measure the mass of each car.

2. Place 3 books under the ramp. 

3. Place the car with less mass at the top of the ramp.

4. Release the car.

5. Measure the distance from the top of the ramp to the point where the car stopped.

6. Record your data in a table.

7. Repeat steps 3-6 two more times.

8. Place the car with the greater mass at the top of the ramp.

9. Release the car.

10. Measure the distance from the top of the ramp to the point where the car stopped.

11. Record your data in a table.

12. Repeat steps 8-11 two more times.

	
	Car with less mass
	Car with greater mass

	Distance travelled
	
	

	Distance travelled
	
	

	Distance travelled
	
	


Average distance traveled: 
Conclusion:

Station 4 - Small mass
Follow all directions exactly as written. Make careful measurements as your data will be compared to another group's for accuracy.

Question: How does mass affect distance traveled?

Prediction:

Materials: 

1 toy car

balance

ramp 

books to raise ramp

Meter tape

Procedure:

1. Measure the mass of the car.

2. Place 3 books under the ramp. 

3. Place the car at the top of the ramp.

4. Release the car.

5. Using inches, measure the distance from the top of the ramp to the point where the car stopped.

6. Record your data and units in the table.

7. Repeat steps 3-6 two more times.

	
	Mass of car =

	Distance travelled (inches)
	


Conclusion:

Station 5 - Greater mass
Follow all directions exactly as written. Make careful measurements as your data will be compared to another group's for accuracy.

Question: How does mass affect distance traveled?

Prediction:

Materials: 

1 toy car

balance

ramp 

books to raise ramp

Meter tape

Procedure:

1. Measure the mass of each car.

2. Place 3 books under the ramp. 

3. Place the car at the top of the ramp.

4. Release the car.

5. Using centimeters, measure the distance from the top of the ramp to the point where the car stopped.

6. Record your data and units in the table.

7. Repeat steps 3-6 two more times.

	
	Mass of car =

	Distance travelled (cm)
	

	Distance travelled
	

	Distance travelled
	


Average distance traveled: 
Conclusion:

Station 6 - Ramp Height
Follow all directions exactly as written. Make careful measurements as your data will be compared to another group's for accuracy.

Question: How does height of a ramp affect the distance a car will travel?

Prediction:

Materials: 

1 toy car

ramp 

books to raise ramp

Meter tape

Procedure:

1. Place several books under the ramp so that it has a medium slope to it. Measure and record the height of the ramp.

2. Place the car at the top of the ramp.

3. Release the car.

4. Using centimeters, measure the distance from the top of the ramp to the point where the car stopped.

5. Record your data and units in the table.

6. Raise the ramp so that it is very steep. Measure and record the height of the ramp.

7. Place the car at the top of the ramp.

8. Release the car.

9. Using centimeters, measure the distance from the top of the ramp to the point where the car stopped.

10. Record your data and units in the table.

	
	Ramp with medium slope Height =
	Ramp with a steep slope

Height =

	Distance travelled (cm)
	
	


Conclusion:

Station 7 - Ramp Height
Question: How does height of a ramp affect the distance a car will travel?

Prediction:

Materials: 

1 toy car

ramp 

books to raise ramp

Meter tape

Procedure:

1. Place one or two books under the ramp so that it has a small slope to it. Measure and record the height of the ramp.

2. Place the car at the top of the ramp.

3. Release the car.

4. Using centimeters, measure the distance from the top of the ramp to the point where the car stopped.

5. Record your data and units in the table.

6. Repeat steps 2-5 two more times.

6. Raise the ramp by adding an additional one or two more books, so that it is a bit more steep. Measure and record the height of the ramp.

7. Place the car at the top of the ramp.

8. Release the car.

9. Using centimeters, measure the distance from the top of the ramp to the point where the car stopped.

10. Record your data and units in the table.

11. Repeat steps 7-10 two more times.

	
	Ramp with small slope

Height = 
	Ramp with medium slope 

Height =

	Distance travelled (cm)
	
	

	Distance travelled (cm)
	
	

	Distance travelled (cm)
	
	


Average distance travelled (cm):
Conclusion:

Day 2

Preparation for the lesson:

1. Prepare questionnaires. There should be enough questionnaires so that each group of 3-4 students can review the results of one survey. (So for a class of 20, if you had groups of 4, you would need 5 different surveys.)
Everyone gets a questionnaire; the teacher decides who gets which questionnaire.

The questionnaires should be given to the groups that would generally respond the same way. 

Sample questionnaires:

· A questionnaire regarding levels of physical activity could go to the athletes. 

· Those kids who are very into video games could have a questionnaire that asks how much time they spend playing video games

· Kids who you know spend a long time completing their homework could have questions that ask how much time they spend on that activity.

· Ask kids best at math to solve an algebra problem and then ask if they thought the question was hard or easy.

· Ask the more athletic boys if they are able to do 5 pushups.

2. To give some sense of anonymity, give each student a number. Tell students to place their number on the top of the page. Make up a master list of the students and their numbers. Make enough copies of the master to allow for each group to be able to tell who had which questionnaire (5 if there are 5 groups). Alternately, if you feel that more privacy is needed, at the appropriate time, tell students that the students who are involved with sports got the question about physical fitness, etc. Do not tell students who answered their survey questions until they have reached a conclusion regarding what may be wrong with the data.

Materials Needed: 

Questionnaires


Focus Question(s): How can you conduct a valid survey?

Engage: 

1. Explain to students that today they are going to answer some questionnaires that aim to help researchers better understand eighth graders. 

2. Ask students to complete their questionnaire as accurately as possible.
3. Distribute questionnaires. 
4. Collect questionnaires.

5. Compile questionnaires so that each group will receive a set of questionnaires that contains the same question (for instance, one group should receive all the questionnaires that ask about activity level).
Explore:

1. Place students in groups of 4.
2. Give each group a set of questionnaire questions.

3. Ask students what conclusion they can make about eighth graders based on the surveys they reviewed. Tell students to record their conclusions in their science journals.
4. Ask students to post their conclusions on the board.
5. Ask students if they think their results are valid. Why or why not. Tell students to record their ideas in their science journals. 
Explain:
1. When students have finished making their hypotheses regarding the validity of the data, tell them to ask you for the additional data you have for their investigation.
2. At this time tell the group who, or which set of students, received their questionnaire. 

3. Again ask students if they believe their survey is valid. Why or why not? Students should record their ideas in their science journals.
4. Have the groups report out about their findings.  First they should state their conclusions which are posted on the board.
5. Ask the class if they agree with the group's findings.  
6. Then the group should tell the class who took their survey.

7. Ask if this is an appropriate sample for this survey.
8. Conduct a quick survey of the students in the class by asking the group's questionnaire question.

9. Repeat with each group.
10. Explain to students that a sample must be representative of the group being studied. For instance, if you are studying the activity level of eighth graders, eighth graders of a variety of interests should be sampled. 

11. Samples should be large enough also to be representative of the group as a whole. For instance, is the information we find when we use those questionnaires an appropriate sample for all eighth graders? No. What about when we surveyed the class as a whole? For eighth graders this class, but perhaps not whole school, or city or state or nation, etc.
12. Bring the conversation back to importance of replicating experiments. When investigating something, you need to repeat the trial a number of times to ensure the results are valid and repeatable. For surveys, you have to have large enough groups that are representative of the whole group to ensure the results can be generalized for all and repeated. 
Extend:

Why is this so important? Can you think of examples in scientific research where the quality of a sample will be most important? Think about studies about behavior, medical research, etc. This can be done in groups, with students brainstorming ideas, or as a whole class discussion.
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 8-1.5:  Explain the importance of and requirements for replication of scientific investigations.
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