Physical Science

Science

Module 

PS-1.5
Inquiry

Lesson

A

Instructional Progression: 

Taxonomy Level:  
4.2-B   Analyze Conceptual Knowledge

        
2.1-B   Understand Conceptual Knowledge

Key Concepts:
Data




Graphs

Controlled scientific investigation 
Direct and Inverse variations (proportion)


Formulas



Models

Dimensional analysis 


Technology

Previous/Future knowledge:  In the 6th grade, students analyzed and interpreted data to distinguish between an observation and inference (6-1.2).  In the 7th grade, students used graphs, tables, and charts to explain the relationship between independent and dependent variables (7-1.5) while they interpreted data to construct explanations and conclusions in the 8th grade (8-1.3).  In Physical Science PS-1.1 and PS-1.4, students generate hypotheses and design scientific investigations.  This indicator (PS-1.5) expands on these processes by requiring that students organize and interpret data using mathematics with formulas and dimensional analysis, graphs, models, and technology.  Indicator PS-1.6 requires that students evaluate results to refute or verify a hypothesis.  Significant figures will be addressed in chemistry (C-1.5) and in physics (P-1.5) scientific notation will be addressed.  
Content Overview:
It is essential for students to
· Organize data which is collected from a controlled scientific investigation.  

· Data should be organized in charts which list the values for the independent variable in the first column and list the values for the dependent variable in a column to the right of the independent variable.

Example Charts:
  Independent Variable      Dependent Variable

( Or )

	Independent Variable
	Dependent  Variable

	
	Trial 1
	Trial 2
	Trial 3
	

	First value
	
	
	
	

	Second value
	
	
	
	

	Third value
	
	
	
	

	(other values)
	
	
	
	


· Use graphs to organize data from controlled investigations.
· Data should be recorded on a graph with the independent variable plotted on the “X” axis and the dependent variable plotted on the “Y” axis.

· Choose scales for both the horizontal axis and the vertical axis. 

· There should be two data points more than is needed on the vertical axis.

· The horizontal axis should be long enough for all of the data points to fit.

· The intervals on each axis should be marked in equal increments. 

· Label each axis with the name of the variable and the unit of measure.

· Title the graph. 

· Use the graphs to analyze and interpret data to determine a relationship between the dependent and independent variables.

· A line graph is used for continuous quantitative data. 

· A bar graph is used for non-continuous data which is usually categorical.

· A circle graph shows a relationship among parts of a whole.  Circle graphs often involve percentage data. 

· Recognize the implications of various graphs

· A direct variation (or proportion) is one in which, one variable increases as the other increases or as one variable decreases the other decreases.  A straight line with a positive slope indicates a direct relationship that changes at a constant rate. A greater slope indicates an increased rate of change. 
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· An inverse variation (or proportion) is one in which the product of two quantities is a constant.  For example the product of the frequency and the wavelength is equal to the velocity of a wave (v = f λ).  Frequency and wavelength are inversely proportional.  As one quantity increases the other quantity decreases.  
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Use a formula to solve for one variable if given the value for the other variables.  
· Use dimensional analysis to change the units of the measurement determined, not the value of the measurement itself.  

· It is very important in science to express all numbers with units of measurement when appropriate, not just the number as is sometimes done in purely mathematical problems.  

· To change a measurement from liters to milliliters, or grams to kilograms, for example, the measurement can be multiplied by a “conversion factor” that expresses the relationship between the given and asked- for value.  

· This conversion factor is a fraction equal to one and, therefore, the value of the original measurement does not change---only the unit changes.


· Understand that a scientific model is an idealized description of how phenomena occur and how   data or events are related.  A scientific model is simply an idea that allows us to create explanations of how we think some part of the world works.  Models are used to represent a concept or system so that the concept may be more easily understood and predictions can be made.  
· The model of the atom helps us understand the composition, structure, and behavior of atoms. Models for the atom can change as new information and theories explain the atom more completely.  

· No model is ever a perfect representation of the actual concept or system.  Models may change over time as scientific knowledge advances.  

· Understand that technology (tools/machines or processes) can be used to develop better understanding of the science concepts studied.  As technology improves, science concepts are studied more completely and more accurately. 
· Understand how to organize and analyze data using technology such as graphing calculators or computers.

It is not essential that students memorize formulas for relationships between dependent and independent variables studied.
Teaching Lesson A:
Review of graphing and dimensional analysis
Introduction to the lesson:


This indicator is addressed in Module PS 1.1.  
(Inquiry indicators 1.1, 1.4, 1.5, and 1.6 are addressed together in Module PS 1.1).  Students are introduced to graphing scientific data in 7th and 8th grade.  They have had instruction on graphing in general in their mathematics class.  It is suggested that you determine what your students already know about graphing by collecting data from a simple experiment such as rolling a toy car down a 1 meter long ramp while recording the time it takes to complete the trip. Ask the students to design their own data table and then graph the data.   Based on examination of their data tables and graphs, determine what additional instruction is needed if any.  They will have multiple opportunities to record data and graph during the study of physical science concepts.
Lesson time:
½ day

Essential Question:

What do I already know about data tables and graphing?

Materials needed: 
Ramp 1 meter long  (a board at least 10 cm wide)

Stop watch, toy car, books or bricks to raise ramp to appropriate height

Graph paper, student notebooks 
Procedure: 

· Start out with a ramp height of 10 cm for three trials.  Increase the height to 20 cm for three trials.  Increase the height to 30 cm for three trials.  Roll the car down the ramp. Start the stop watch as soon as the car leaves the top and stop it when it reaches the end of the ramp.  Record the height and the time for each trial. 
· Instruct the students to design their own data table for recording data in their notebook.

· Instruct the students to construct a properly labeled graph with independent variable on the X axis and dependent variable on the Y axis.  You can review DRY   MIX    (the dependent, responding variable in on the Y axis and independent, manipulated variable is on the X axis.)  Let them determine which is independent and which is dependent.  (Answer height of ramp is independent and time to travel is dependent)
Assessing the lesson:

Circulate among the students while they are setting up data tables and constructing their graphs.  Provide instruction as needed using the information in the support guide (reprinted above) to correct errors.  Collect notebooks and examine the student work in order to determine if additional instruction is needed. 
Data tables should look like this:
· Data should be organized in charts which list the values for the independent variable in the first column and list the values for the dependent variable in a column to the right of the independent variable.

Example Charts:
  Independent Variable      Dependent Variable

( Or )

	Independent Variable
	Dependent  Variable

	
	Trial 1
	Trial 2
	Trial 3
	

	First value
	
	
	
	

	Second value
	
	
	
	

	Third value
	
	
	
	

	(other values)
	
	
	
	


Graphs should follow these guidelines:

· Data should be recorded on a graph with the independent variable plotted on the “X” axis and the dependent variable plotted on the “Y” axis.

· Choose scales for both the horizontal axis and the vertical axis. 

· There should be two data points more than is needed on the vertical axis.

· The horizontal axis should be long enough for all of the data points to fit.

· The intervals on each axis should be marked in equal increments. 

· Label each axis with the name of the variable and the unit of measure.

· Title the graph. 

· Use the graphs to analyze and interpret data to determine a relationship between the dependent and independent variables.

· A line graph is used for continuous quantitative data. 

· A bar graph is used for non-continuous data which is usually categorical.

· A circle graph shows a relationship among parts of a whole.  Circle graphs often involve percentage data. 

Since the data is continuous and quantitative, a line graph should be used.
Teaching lesson B
Using dimensional analysis to problem solve
Introduction to the lesson:

This lesson should be an introduction to dimensional analysis.  Students will have multiple opportunities in physical science to use dimensional analysis.  Solving  for unknowns in formulas such as F=M X A while utilizing dimensional analysis is best left for the appropriate time when students are studying forces and motion.  Since students are already accustomed to using the metric system in science, converting from one metric unit to another using dimensional analysis is a good way to introduce the topic.
Lesson time:

One day
Materials needed:

None

Essential Question:

How is dimensional analysis used in problem solving?

Procedure:
· Show the students a 1 liter bottle or a 1 liter graduated cylinder and explain that the bottle/cylinder is also equal to 1000 mL.  In other words, 1 liter is the same quantity as 1000 mL.  The relationship between 1 L and 1000mL could be used as a conversion factor to change from a quantity in liters to a quantity in milliliters.  See example below.  

· Show the students a meter stick and explain that it is 1 meter long or 100 centimeters (cm) long.  In other words 1 meter equals 100 cm. The relationship between 1 meter and 100 cm could be used as a conversion factor to change from a quantity in meters to a quantity in centimeters
· Use dimensional analysis to change the units of the measurement determined, not the value of the measurement itself.  

· It is very important in science to express all numbers with units of measurement when appropriate, not just the number as is sometimes done in purely mathematical problems.  

· To change a measurement from liters to milliliters, or grams to kilograms, for example, the measurement can be multiplied by a “conversion factor” that expresses the relationship between the given and asked- for value.  

· This conversion factor is a fraction equal to one and, therefore, the value of the original measurement does not change---only the unit changes.


· As a class, work through several of the examples from the worksheet below.
Assessing the lesson:
Circulate among the students while they are working on the conversions.  Ask questions to determine the level of understanding and offer assistance where needed. Students should be able to Use the procedure of dimensional analysis to change the units of measurement. 

The Metric System

Practice Problems (Level 1)
Show your calculations using dimensional analysis

1. Convert a measurement of 100 cm to its equivalent in m.
2. Convert a measurement of 0.001 m to its equivalent in mm.
3. Convert a measurement of 10 L to its equivalent in mL.
4. Convert a measurement of 1000 g to its equivalent in kg.

5. Convert a measurement of 18 cm to its equivalent in m.

6. Convert a measurement of 75 mL to its equivalent in L.

7. Convert a measurement of 342 mg to its equivalent in g.

10. Convert a measurement of 32.9 g to its equivalent in kg.
11. Convert a measurement of 553.2 cm to its equivalent in m.
12. Convert a measurement of 0.049 L to its equivalent in mL.
13. Convert a measurement of 8.026 m to its equivalent in cm,
14. Convert a measurement of 0.00805 kg to its equivalent in g.
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended Days of Instruction: 4 
	(one day equals 90 min)

	Standard(s) addressed:  PS–1 The student will demonstrate an understanding of how scientific inquiry and technological design, including mathematical analysis, can be used appropriately to pose questions, seek answers, and develop solutions.

	

	Scientific Inquiry

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–1.5

Organize and 

interpret the 
data from a 
controlled 

scientific 

investigation by 

Using 

mathematics 

(including

formulas 

and dimensional 

analysis),graphs, 

models, and/or 

technology.
	SC Streamline Video

Completing a table using dependent and independent variable 5:29

Graphing a table using dependent and independent variable 4:22

Defining dependent and independent variable 1:33

Identifying dependent and independent variable  3:09

Mathematical Eye: Equations and formulas 20:07

Measurement and formulas 26:45

	Module 1.5 Lesson A

What do I already know about data tables and graphing

Module 1.5 Lesson B

Using dimensional analysis to problem solve

See  also Module 1.1

Lesson B

Scientific Method Controls and Variables

Lesson C

Alka-seltzer investigation

Lesson D

Exploring knowledge and Ideas:

· A personal inquiry experience with a pendulum
	To demonstrate mastery of this indictor the student should:

Use formulas, graphs, charts, tables or models to organize data into a structure that illustrates the relationship between the variables.
interpret data from a controlled scientific investigation, 

change one form of data representation into another meaningful representation. 

Illustrate the relationship between two variables in a scientific investigation;

Interpret variable relationships using formulas, graphs, models, or technology.


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	Use the procedure of dimensional analysis to change the units of measurement. 




Standard:	PS–1 The student will demonstrate an understanding of how scientific inquiry and technological design, including mathematical analysis, can be used appropriately to pose questions, seek answers, and develop solutions.





Indicator:	PS-1.5 Organize and interpret the data from a controlled scientific investigation by using mathematics (including formulas and dimensional analysis), graphs, models, and/or technology.


Other indicators addressed PS 1.2





15 liters  X  1000 milliliters  =  15,000 milliliters


                         1 liter 


	           (conversion factor)





15 milliliters  X     1 liter        =  0.015 liters


	                   1000 milliliters





15 liters  X  1000 milliliters  =  15,000 milliliters


                         1 liter 


	           (conversion factor)





15 milliliters  X     1 liter        =  0.015 liters


	                   1000 milliliters








