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Instructional Progression PS 1.1:
Taxonomy Level:  6.1-B   Create Conceptual Knowledge

Key Concepts:  hypotheses, sources of scientific information
Previous/Future knowledge:  Students were introduced to a hypothesis in 5th grade (5-1.1) as students identified questions suitable for generating a hypothesis.  A more in-depth understanding of the processes and importance of using credible, accurate, and relevant sources of scientific information is expected for Physical Science.  Generating hypotheses is the basis for conducting scientific investigations and is therefore vital to the understanding of the scientific inquiry process in Physical Science and all high school science courses.  

Content Overview:

It is essential for students to 

· Know that a hypothesis is a reasonable explanation of an observation or experimental result or a possible answer to a scientific question that can be tested. The hypothesis may or may not be supported by the experimental results.  It is often stated in terms of an independent and a dependent variable—or a “cause-effect relationship.”  Examples of hypotheses might include: 

· If an object has greater surface area, then the rate at which it falls through the air decreases.  

· As the volume of an object increases, the rate at which it fall through air decreases.  

· With a constant force, an object with a smaller mass will accelerate more than an object with a larger mass.  

· If I make a paper airplane with larger wings, then the airplane will glide farther, because the additional surface area of the wing will produce more lift.

· Know that the results of an experiment cannot prove that a hypothesis is correct.  Rather, the results support or do not support the hypothesis.  Valuable information is gained even when the hypothesis is not supported by the results. For example, it would be an important discovery to find that the wing size is not related to how far an airplane glides.  When hypotheses are tested over and over again and not contradicted, they may become known as laws or principles.  

· Use credible (trustworthy), accurate (correct – based on supported data), and relevant (applicable, related to the topic of the investigation) sources of scientific information in preparation for generating a hypothesis.  These sources could be previous scientific investigations science journals, textbooks, or other credible sources, such as scientifically reliable internet sites.  

Teacher Note:  

Some sources of information are not based on credible scientific research and may contain information that is not accurate. Credible science investigations are published in journals that are reviewed by a panel of respected research scientists active in the field of science being studied.  Teachers could help students identify credible sources of scientific information that may help them with background information for their hypotheses. Teachers must also caution students to be skeptical of website information and journal articles that are not referenced to credible sources of scientific research.

It is not essential for students to 
· Reference research from outside sources for every hypothesis written, but if scientific information is needed for generating a hypothesis, it must be credible, accurate, and reliable;  
· Name specific journals or websites, but the understanding of what makes a source credible and reliable is part of this indicator;
· Understand the concept of the null hypothesis.
Instructional Progression PS-1.4: 
In the 4th grade (4-1.3), students summarized the characteristics of a simple scientific investigation that tests one manipulated variable at a time.  In the 5th grade (5-1.3), students planned and conducted controlled scientific investigations, manipulating one variable at a time.  In the 6th and 7th grades (6-1.1 and 7-1.1), students conducted controlled scientific investigations, and in the 8th grade (8-1.1), students designed controlled scientific investigations.  In the 7th grade (7-1.5), students explained the relationships between independent and dependent variables in controlled scientific investigations.  While students identified questions suitable for generating a hypothesis (5-1.1) that could be answered through scientific investigation (7-1.2) and (8-1.4), in Physical Science students will design and evaluate designs of controlled scientific investigations to test a hypothesis with stated independent and dependent variables.  In chemistry (C-1.4) and in physics (P-1.4) students will expand the idea of designing and evaluating scientific investigations.

Taxonomy Level:  

6.2-C   Create Procedural Knowledge

5.2-B   Evaluate Conceptual and Procedural Knowledge

Key Concepts: 

Scientific investigation:  Hypothesis, Independent variable, Dependent variable

Methods of control:  Controlled variable, Control group

Content Overview:

It is essential for students to

· Design a controlled scientific investigation in which one variable at a time is deliberately changed and the effect on another variable is observed while holding all other variables constant. 

The steps in designing an investigation include:

· Stating the purpose in the form of a testable question or problem statement

· Researching information related to the investigation

· Stating the hypothesis

· Describing the experimental process

· Planning for independent and dependent variables with repeated trials 

· Planning for factors that should be held constant (controlled variables)

· Setting up the sequence of steps to be followed 

· Listing materials  

· Planning for recording, organizing and analyzing data

· Planning for a conclusion statement that will support or not support the hypothesis

· Understand that scientific investigations are designed to answer a question about the relationship between two variables in a predicted “cause-effect relationship.”  

· Understand that the statement that predicts the relationship between an independent and dependent variable is called a hypothesis.

· Understand that the independent variable is the variable that the experimenter deliberately changes or manipulates in an investigation.  

· Understand that the dependent variable is the variable that changes in an investigation in response to changes in the independent variable.  
· Understand that the independent variable is the “cause” and the dependent variable is the “effect” in the “cause-effect” relationship that is predicted.  

· Understand that all the other possible variables in the investigation should be held constant so that only one variable (the independent) is tested at a time.  The variables which are held constant are called controlled variables. 

· Understand that the investigator should conduct repeated trials to limit random error in measurements.

· Understand that, when appropriate, a control group is set up as a basis of comparison to test whether the effects on the dependent variable came from the independent variable or from some other source.

It is also essential for students to

· Evaluate the design of an experiment by assessing whether the steps of the investigation are presented.  

· Evaluate the methods by which the investigation was conducted to determine:

· Whether independent and dependent variables are appropriate for testing the hypothesis; 

· Whether only one variable is changed at a time by the investigator; 

· Which variables are, or should have been, controlled;

· Whether data was collected with adequate repeated trials, organized and analyzed properly;

· Whether the conclusion is logical based on the analysis of collected data.

Teacher Note:  Many science laboratory activities simply give students procedures to follow, data to collect and graph, and questions to answer that verify their learning of the concepts.  Science learning can be more interesting to students if they are given the opportunity to explore and wonder “why” more often.  If students conduct an investigation in which something unexpected or unusual happens and then are asked to predict why it happened, they feel more involved in the learning.  Then, if they are asked to design an experiment to see if their prediction is correct, they will feel empowered by the activity. These activities are often called “Open Inquiry” or “Guided Inquiry” depending on how much instruction is provided.  Teachers should encourage students to be curious and wonder why things happen.  Science fair projects can be a perfect opportunity for students to conduct these kinds of activities.  Instruction and guidance should be provided to insure that proper investigative procedures are followed.

It is not essential for students to

· Understand the null hypothesis process.
· Perform statistical analysis on the data to evaluate the experimental design.
Instructional Progression PS-1.5 

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-1.7 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.  
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)
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.
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Example Charts:
  Independent Variable      Dependent Variable
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( 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.
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· 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.

Instructional Progression PS-1.6 
 Students planned and conducted controlled scientific investigations beginning in the 5th grade (5-1.3).  They evaluated results to formulate valid conclusions beginning in the 5th grade (5-1.6), and they generated questions to formulate a hypothesis (5-1.1).  In Physical Science, students are introduced to testing a hypothesis by designing a controlled scientific investigation (PS-1.4) and organizing and interpreting data by using mathematics, graphs, models, and technology (PS-1.5).  In chemistry (C-1.6) students will expand their knowledge of scientific investigation by including what the possible sources of error might be.  In physics (P-1.9) students will communicate and defend a scientific argument or conclusion.

Taxonomy Level:  
5.1-B   Evaluate Conceptual Knowledge
Key Concepts: 

controlled scientific investigation 

hypothesis

Content overview:  

It is essential for students to 
· Understand that in a controlled scientific investigation the hypothesis is a prediction about the relationship between an independent and dependent variable with all other variables being held constant.  

· Understand that results of a controlled investigation will either refute the hypothesis or verify by supporting the hypothesis.

· After the hypothesis has been tested and data is gathered, the experimental data is reviewed using data tables, charts, or graphical analysis. 

· If the data is consistent with the prediction in the hypothesis, the hypothesis is supported.

· If the data is not consistent with the prediction in the hypothesis, the hypothesis is refuted.

· Understand that the shape of a graph can show the relationship between the variables in the hypothesis.  (See graph shapes in PS-1.5) 

· Understand that if the data does support the relationship, the hypothesis is still always tentative     and subject to further investigation.  Scientists repeat investigations and do different investigations  to test the same hypothesis because the hypothesis is always tentative, and another investigation could refute the relationship predicted. 

· Understand that scientific laws express principles in science that have been tested and tested and always shown to support the same hypothesis.  Even these laws, however, can be shown to need revision as new scientific evidence is found with improved technology, advanced scientific knowledge, and more controlled scientific investigations based on these. 

It is not essential that students

· Develop new hypotheses if the results have refuted the tested hypothesis;
· Carry out statistical analysis on the collected data.
Teaching Lesson A:

Candle Demonstration
Introduction to the lesson:
Inquiry is cumulative beginning with Kindergarten.  Therefore, it is always a good idea to review important concepts related to inquiry at the beginning of the school year.  This activity gives students the opportunity to review the process skills as well as the steps leading to asking good questions that can be investigated and the investigation process. The lesson begins with a discrepant event that provides the spring board for distinguishing between observation and inference. It enables students to understand the nature of science, to distinguish the difference between observation and inference, and to be an objective observer of scientific phenomena.

Lesson time:

½ day
Materials Needed:


String cheese (candle)

Brazil nut or other oily nut cut into a sliver (candle wick)

Candle holder


Matches or lighter
Essential Question:

How can observations and inferences lead to a scientific investigation?
Procedure:
Notes & credits: I came across this demonstration at a fantastic Nature of Science workshop conducted by the FSU Office of Science Teaching Activities. http://bio.fsu.edu/osta/  It is a great "beginning of school activity" and illustrates what "good" science is all about.

Procedure:

1. Unwrap one piece of string cheese and cut off an end so it has nice, sharp corners.

2. Get a Brazil nut (the really big ones that almost nobody eats in a can of mixed nuts) and, using a sharp knife, slice a very thin stick to be your "wick." You'll end up losing most of the nut, but since nobody likes them.

3. Use a lighter or a match to char the end of the "wick."

4. Stick the non-charred end of the "wick" into the cut end of the cheese "candle." And put the candle in the holder (Do all of the above out of sight of the students).

5. When you're ready for the demonstration, say, "Ok, now I'd like you to just write down some observations in your notebook. So I'm just going to light this," and as you say that, use a lighter to light the "candle." Say nothing for as long as it takes to burn the "wick" down.

6. Make sure you blow it out BEFORE the flame reaches the cheese.

Then after the "candle" burns out, ask the students to tell you their observations, which you should then write on the board. Some sample observations are as simple as "the candle is white" (an inference because it is not a candle!) and as complex as "the candle is made of wax." It is very important to openly accept all answers without judgment. Don't say that anything is "right or wrong" and don't correct either. This is hard. I say "OK" a lot. Once you have a good sample or they run out of new observations, take the candle, and take a big bite. Make sure you chew it and swallow in front of the students. The reactions are amazing. (A little horror, a lot of shock.) There is the expectation that you are going to spit it back out and then speculation as they try to process that you just chewed and swallowed a candle! Discrepant events like this are critical to teach the real difference between observation and inference. (At this point don't tell them what the candle really is.)

Go through the list of observations they made and talk about why some were inferences and what a true observation statement might have been.

Ask them what questions they would like to ask about what they observed. The obvious one is "What is the candle made of?" Ask the students to develop a hypothesis based on what they observed. Then, ask them to develop an experimental procedure to test their hypothesis.  Write the question, hypothesis, materials needed, experimental procedure including the data to be collected in the science notebook.  Ask students to share their experimental designs with the class.
	
	


Assessing the Lesson:

Listen carefully to student responses during the lesson.  Examine student notebooks for completion of the assignment.
Teaching lesson B:
Scientific Methods Control and Variable

Introduction to the Lesson:

This lesson is a thorough review of the experimental process giving students the opportunity to evaluate four experiments while defining key concepts related to inquiry.
Lesson time:

½ day
Materials Needed:

Student notebooks

Copy of investigation scenarios for each student (provided below)
Essential Question:

What are the characteristics of good experimental design?
Procedure: 
Following a discussion of independent and dependent variables, controls, hypothesis, ask students to write a definition for each in their notebook.  Distribute the scenarios of three scientific experiments (included below).  Ask the students to work with a partner as they read the first scenario and respond to the questions.  Go over the responses to this first scenario as a whole group discussion. Then, ask students to work with their partner to read and respond to the questions associated with the remaining three scenarios.  
Group the students with their partners into four groups (one group for each scenario)  Assign each group a scenario to discuss and prepare to report out the answers to questions for that scenario to the entire class.  
Assessing the Lesson:
Student responses to questions.  Teacher should circulate among the students during the readings and discussion asking questions in order to determine the level of understanding.  Notebooks can be checked during this time.
Investigation Scenarios
Define in your notebook:

Control –

Variable -

Independent variable-

Dependent Variable –

Hypothesis-

SpongeBob and his Bikini Bottom pals have been busy doing a little research. Read the description for each experiment and answer the questions.

Krusty Krabs Breath Mints

Mr. Krabs created a secret ingredient for a breath mint that he thinks will "cure" the bad breath people get from eating crabby patties at the Krusty Krab. He asked 100 customers with a history of bad breath to try his new breath mint He had fifty customers (Group A) eat a breath mint after they finished eating a crabby patty. The other fifty (Group B) also received a breath mint after they finished the sandwich; however, it was just a regular breath mint and did not have the secret ingredient. Both groups were told that they were getting the breath mint that would cure their bad breath. Two hours after eating the crabby patties, thirty customers in Group A and ten customers in Group B reported having better breath than they normally had after eating crabby patties. What is the question or problem? What is the hypothesis?

[image: image7.png]




1. Which people are in the control group?

2. What is the independent variable?

3. What is the dependent variable?

4. What should Mr. Krabs' conclusion be?

5. Why do you think 10 people in group B reported fresher breath?
SpongeBob Clean Pants

SpongeBob noticed that his favorite pants were not as clean as they used to be. His friend Sandy told him that he should try using Clean-O detergent, a new laundry soap she found at Sail-Mart. SpongeBob made sure to wash one pair of pants in plain water and another pair in water with the Clean-O detergent. After washing both pairs of pants a total of three times, the pants washed in the Clean-O detergent did not appear to be any cleaner than the pants washed in plain water.

6. What was the problem SpongeBob wanted to investigate?   Hypothesis? 


7. What is the independent variable?

8. What is the dependent variable?

9. What should Sponge Bob's conclusion be?

Squidward's Symphony

Squidward loves playing his clarinet and believes it attracts more jellyfish than any other instrument he has played. In order to test his hypothesis, Squidward played a song on his clarinet for a total of 5 minutes and counted the number of jellyfish he saw in his front yard. He played the song a total of 3 times on his clarinet and repeated the experiment using a flute and a guitar. He also recorded the number of jellyfish he observed when he was not playing an instrument. The results are shown in the chart. What is the question? What is the hypothesis?

	Number of Jellyfish/Instrument

	Trial
	No Music
	Clarinet
	Flute
	Guitar

	1
	5
	15
	5
	12

	2
	3
	10
	8
	18

	3
	2
	12
	9
	7


10. What is the independent variable?

11. What is the dependent variable?

	Bubbles

(Diameter in centimeters)

	Bubble
	Super Bubble
	Regular Soap

	1
	15
	10

	2
	10
	5

	3
	12
	16

	4
	16
	14

	5
	22
	11

	6
	13
	12

	7
	16
	11

	8
	18
	15

	     9
	15
	15

	10
	12
	6


12. What should Squidward's conclusion be?

13. Are the results reliable? Why or why not?
Super Bubbles

Patrick and SpongeBob love to blow bubbles! Patrick found some Super Bubble Soap at Sail-Mart. The ads claim that Super Bubble Soap will produce bubbles that are twice as big as bubbles made with regular bubble soap. Patrick and SpongeBob made up two samples of bubble solution. One sample was made with 5 oz. of Super Bubble Soap and 5 oz. of water, while the other was made with the same amount of water and 5 oz. of regular bubble soap. Patrick and SpongeBob used their favorite bubble wands to blow 10 different bubbles and did their best to measure the diameter of each one. The results are shown in the chart. What is the question? What is the hypothesis?

14. What did the Super Bubble ads claim?

15. What is the independent variable?

16. What is the dependent variable?

17.Look at the results in the chart.

a. Calculate the average diameter for each bubble solution.

Super Bubble=_____cm  

Regular Soap=______cm

b. What should their conclusion be?

18.  Are the results reliable? Why or why not?
Scientific Method –Controls and Variables











ANSWER KEY

Write a definition for each:

Control - A part of the experiment that is not being tested and is used for comparison. 

Variable - Any part of an experiment that can vary.

Independent Variable - The part of the experiment that is manipulated or changed by the scientists or person performing the experiment.

Dependent Variable - The part of the experiment that is affected by the independent variable.

SpongeBob and his Bikini Bottom pals have been busy doing a little research. Read the description for each experiment and answer the questions.

Krusty Krab Breath Mints

1. Which people are in the control group? The people who received the mint without the secret ingredient (Group B) would be the control group.

2. What is the independent variable? Secret ingredient in the breath mint
3. What is the dependent variable? Amount of breath odor (or bad breath)

4. What should Mr. Krabs' conclusion be? The breath mint with the secret ingredient appears to reduce the amount of breath odor more than half the rime, but it is not 100% effective.

5. Why do you think 10 people in group B reported fresher breath? This may be due to the placebo effect. 

Sponge Bob Clean Pants
6. What was the problem? SpongeBob's pants were not clean.

7. What is the independent variable? Laundry soap

8. What is the dependent variable? Amount of dirt left on the pants (or how clean the pants were)

9. What should Sponge Bob's conclusion be? CIean-0 laundry soap does not appear to be effective in cleaning his pants.

Squidward's Symphony

10. What is the independent variable? Instrument

11. What is the dependent variable? Number of jellyfish

12. What should Squidward's conclusion be? The clarinet did seem to attract a large number of jellyfish, but the average number for the three trials also matched the average for the guitar. The flute attracted the least number of jellyfish, but the average for this category is still larger than the control. Music seems to attract jellyfish in greater numbers than when no music is played Squidward's hypothesis that the clarinet attracts larger numbers of jellyfish than other instruments is not proven by this experiment alone.

13. Are the results reliable? Based on the limited amount of information provided, it is difficult to tell if Squidward's results are reliable. The description did not tell how long each break was between trials. Did he leave enough time for the jellyfish to "clear out" of the area? (NOTE: Accept other potential flaws that students can support.)

Super Bubbles

14. What did the Super Bubble ads claim? The ads claimed that the Super Bubble solution would produce bubbles that were twice as large as those made with regular bubble soap.

15. What is the independent variable? Type of bubble solution

16. What is the dependent variable? Size (diameter) of the bubble

17. a. Calculate the average diameter for each. Super Bubble - 15.1 cm Regular Soap = 11.5 cm

b. What should their conclusion be? The Super Bubble solution did not seem to produce bubbles that were twice as large as those made with the regular soap. Although the average for the Super Bubble solution was larger than that for the regular soap, it was not "twice as large" as the ads claimed. In fact, only two of the ten trials had results that would fit the ads claims. 

18. Are the results reliable? Why or why not? The description does not say who blew the bubbles for each solution. There may be differences in bubble sizes due to the person blowing the bubble rather than the bubble solution. They might have considered having each person blow 5 bubbles with each solution. (NOTE: Accept other potential flaws that students can support.)

Teaching Lesson C:
Alka-Seltzer Lab
Introduction to the lesson:

This lesson is an example of an open ended inquiry.  You may wish to include it during the study of the chemistry part of physical Science after dissolving, solutions and chemical reactions have been addressed.  Students create their own experiments to determine what factors will effect the dissolving rate of alka-seltzer.  Students must demonstrate a working knowledge of the investigative process, lab equipment, and safety procedures.
Lesson time:

1 day

Materials needed:

Alka-seltzer, Beakers, water, stirring rods, hotplates, stop watches, beaker tongs, aprons, goggles, thermometers, other misc. lab equipment.

Essential question:
What are the essential steps of a scientific investigation?

Procedure:
· Assign students to groups according to your usual policy
· Distribute the alka-seltzer inquiry to students

· Go over all instructions and safety considerations including the requirement to wear safety goggles at all times. 

· Instruct students to record all steps in their notebook including question, hypothesis,  materials needed, procedure, data tables, graphs, and conclusions 

· Impress upon students that they must have their experimental procedure approved by you before they can proceed.

Assessing the lesson:
Circulate among the students during the investigation asking questions to determine student understanding.  Check student notebooks for completion of investigation.  Grade investigation using the rubric provided.
Teacher note:  lesson contributed by Steve Carson, Horry County School District
All Fizzed Up:  Alka Seltzer Inquiry
Introduction: You came into class to day with a terrible case of indigestion. Maybe that extra helping of Mexican food wasn't such a great idea. The only option that the nurse has to offer you is some Alka-Seltzer® tablets. Alka-Seltzer® is known to be an excellent remedy for heartburn and acid indigestion, but you are in such dire need of relief, you refuse to wait the usual amount of time required for the tablets to dissolve.

Challenge: Your impatience has led you to a problem: You don't know what factors will affect the rate of Alka-Seltzer® tablets dissolving in water. You must design and carry out an experiment to test one possible factor's ability to change the time it takes to dissolve an entire tablet in water (or another fluid).

· Here are some possible factors that might affect the time required to dissolve a tablet: Water temperature, particle size/surface area, agitation (stirring), light concentration, amount of water, dissolved matter in the water, solution used etc.

· Your challenge is to design an experiment to test ONLY one factor's ability to affect the amount of time it takes to dissolve an entire tablet. To keep the class uniform, we will consider a tablet to be completely dissolved when solid pieces are no longer visible (it may still be fizzing). Distilled water will be used unless you are testing for rates in different fluids.

Step 1: Hypothesis: Stated as If….then     EX: If I increase the stirring, then the Dissolving Rate of Alka-Seltzer will increase?

Step 2: Research: What do you know about Alka-Seltzer?
Step 3:  Experimental Design:

Experimental Group:

Control Group:

Independent Variable:

Dependent Variable:

Constants (several):

Required Materials:

Step 4: Observe/Record Data:

Should Include: Tables and Graphs

May Include: Diagrams, Illustrations
Step 5; Analyze Data:

Interpret your data: What were the trends, if any? Don't draw conclusions, yet.

Step 6: Draw Conclusions:

What conclusions has your data led you to? Was your hypothesis supported by your data or not?  Do you need further experimentation? What would you do to improve your experiment? If the results seem skewed, what might be a reason? Now is the time to reflect on what you did.

	Scoring Guide Scientific Investigation



	Section
	Points
	Description
	Student Score
	Teacher Score

	Title
	5
	· Relates to the content of the investigation
	
	

	Problem
	5
	· Written as a question & clearly identifies the problem being investigated
	
	

	Hypothesis
	20
	· Uses correct format: if the (manipulated variable) (describe the change), then the (responding variable) will (describe its response to change)."
	
	

	Materials
	5
	· Complete list of materials needed to complete this investigation.
	
	

	Procedure
	   10
	· Numbered, step-by-step description of the directions to complete this investigation.
	
	

	Data& Analysis
	25
	· Neatly drawn data tables & graphs

· Includes titles, labels, & units

· Mean, median, mode, & range have been calculated for each data set.
	
	

	Conclusion
	25
	· Written as a paragraph & includes the following:

· Was the hypothesis supported or not by the data?

· Explains results by referring to the specific data (numbers)

· Applies these results to a real-world situation or gives an explanation of why the results occurred

· Identifies any errors or problems that occurred during this investigation

· Suggests an extension of this investigation
	
	

	Overall Quality
	5
	· Written in black or blue ink (data table & graph may be in pencil)

· Correct grammar & spelling

· No first person

· Overall appearance neat and readable
	
	

	Total
	100
	
	
	


Teaching Lesson D:
A personal inquiry experience with a pendulum
Introduction to the lesson:

This lesson is an example of an open ended inquiry.  You may wish to include it during the study of the physics part of the Physical Science course after kinetic and potential energy and conservation of energy have been addressed.  Students create their own experiments to determine what factors will affect the motion of a pendulum system.  Students must demonstrate a working knowledge of the investigative process, lab equipment, and safety procedures.

Lesson time:
Two days

Materials Needed:

· masking tape 

· string or rope of varying thicknesses, 4 or 5 different types (clothesline, fishing line, twine, packaging string, cord, thick rope, baling twine.)

· scissors for cutting cord and string

· paper clips (when straightened out become hooks for attaching weights)

· wooden dowels, 2-3, different diameters to substitute for string

· pendulum bobs (golf balls, metal washers (small, medium, and large)large marbles, padlocks, rocks)
· meter sticks

· triple beam balances

· stop watches

· straight back chair (2) to set up coupled pendulum demo

Essential Question:
What are the essential steps of a scientific investigation?

Procedure:
· Gather all the materials and set them up in a central location

· Set up one coupled pendulum system for demonstration by doing the following:
· Tie a section of the packaging string or household twine (about 1 m) between two chairs. This becomes the "cross string" for the coupled pendulum.

· Make sure the cross string is taut, not loose. (Move the chairs farther apart or closer together as necessary.)

· Fashion two identical pendulums by adding a bob to a length heavy metal washers for the pendulum bobs.

· Fashion two identical pendulums by adding a bob to a length The demonstration is more dramatic with a relatively heavy bob. You can tape the golf balls to the end of the strings and bend a paper clip to serve as a "hook" from which to hang the washers.)

· Tie each pendulum to the cross string about 30 cm apart. VERY IMPORTANT: Make sure the pendulums are the same length when suspended from the cross string or cord.
Try out the coupled pendulum system you have set up. Make sure that the system demonstrates alternating motion, as follows:

In a coupled pendulum, when you start one pendulum (A) swinging, the other pendulum (B) will start swinging slowly. Gradually, B will pick up speed and then A will slow down and nearly stop. Soon A will pick up speed again, and B will slow down and nearly stop. The pendulums keep alternating, with one of them moving and then slowing down and the other picking up speed and then slowing down.

Troubleshooting guidelines: If the coupled pendulum does not show alternating motion as described above, try the following:

· Make the cross string more or less taut by moving one chair closer or farther from the other.

· Make sure the pendulums are of even length. THIS IS VERY IMPORTANT!

· Change the distance between the pendulums. Try moving them closer or farther apart. 

· Make the bobs heavier. (Also, make sure the two bobs are not different weights.) Usually, heavier bobs, such as golf balls, will provide more distinct motion between the two pendulums.

· Note: Packaging string or household twine seems to work best to demonstrate the alternating motion within the coupled pendulum system. The energy transfer is not as dramatic with heavier, thicker cord or rope.

Teaching 

Strategies

Part I: The Coupled Pendulum

Assessing Prior Knowledge/Engaging Participants in Scientific Inquiry

5 min
Begin by asking students about their experiences with


pendulums. (To prompt responses, you might hold up a string


pendulum as a "prop" and start it swinging.)

What do you know about pendulums? 

How did you learn that about pendulums? 

Write the responses on the board or a flip chart.

5 min
Gather the group in a common area so all can see the couple

Pendulum system you have set up. (Instruct students to bring notebooks with them.)

Ask each participant to write his or her prediction about what will happen to the motion of both pendulums when you pull one pendulum back and start it swinging.

After students have written a prediction, ask some to share their ideas about what they think will happen.

5 min
Demonstrate the coupled pendulum by pulling one pendulum back and letting it go. Ask students to observe the motion of the pendulums and to compare their observations with their predictions.

Designing a Scientific Investigation/Exploring the Coupled Pendulum System

15 min
Divide students into teams of three and invite them to explore coupled pendulum systems by using any of the materials available on the supply table.

Encourage them to change variables, such as string length, string   type, wooden dowel instead of a cross string, bob type, bob weight—whatever they would like to explore to learn more about the coupled pendulum.

Students should be free to explore the coupled pendulum any way they want, however, encourage them to record their observations by writing and/or drawing pictures of what they observe.

Forming Testable Questions as Part of the Design Process

Note: To shorten the investigation, you can skip the following four steps regarding the formation of testable questions; however, keep in mind that not all students are able to ask good, testable questions. This can come out in the discussion as teams report their results. If you skip this section, then ask teams to write a question that they are trying to answer through their independent investigations.

10 min

After about 15 minutes of exploration, ask the teams to stop and to pose questions about the motion of the coupled pendulum that interest them. Record the questions on the board or on flip chart paper.

5 min

Ask: Are all of these testable questions? Invite someone to suggest one question that is testable and one that is not testable. 

10 min

Ask each team to choose a testable question from the expanded list that all three team members would like to investigate and to write their question in their notebooks. Invite them to design an investigation that will help them answer their question and understand more about how .the coupled pendulum works. The investigation must involve stating a hypothesis, listing the materials and the steps of the procedure, the collection of data (measurements) and the graphing of the data.  A conclusion statement must be prepared that makes sense of the data and the relationship among the variables and includes whether the hypothesis was supported or not 
Conducting a Scientific Investigation

30 min
Allow teams time (about 30 minutes) to conduct an investigation to answer their question. At this time, do not suggest any particular structure or way of collecting data. Simply tell them that each team will present its question, results, and explanation to the whole group at the end of 20 minutes.

Remind teams of the materials, such as meter sticks, rulers, stop watches, and balances that are available to them to collect data.
Invite each team to share its question and a possible explanation or answer to the question as well as the procedure they followed, their data tables and graphs and conclusion.  As appropriate, ask questions that focus the teams on what they observed and measured-the evidence they gathered in order to form a valid conclusion

Assessing the lesson:
Circulate among the students during the investigation asking questions to determine student understanding.  Check student notebooks for completion of investigation steps.  Grade investigation using the rubric provided. (see attached)

Teacher note:  lesson adapted from Building A presence for Science, BSCS/NSTA, Inquiry Toolkit, 2001.
	Inquiry Rubric

	Scoring Key

4 points       exceptionally reasonable/logical/accurate, complete, detailed 

3 points       adequately, reasonable/logical/accurate, complete, detailed 

2 points       somewhat reasonable/logical/accurate, complete, detailed 

1 point        Insufficiently reasonable/logical/accurate, complete, detailed 

0 points      not attempted

	Scoring Criteria
	0-4


	Comments

	Question can be answered safely using available equipment and materials.
	
	

	Prediction/Hypothesis suggests a logical answer to the question,
	
	

	All materials are listed Including amounts that will be used.
	
	

	Procedure Is clear; plan describes conditions for setting up the Investigation accounting for all the variables and including observations and/or measurements that will be made.
	
	

	Collected data and displayed It appropriately (described observations/measurements In words, tables, charts, graphs, drawings, etc.).
	
	

	Analyzed and synthesized results to support a conclusion.
	
	

	Suggested a well-reasoned explanation of the relationships involving interactions, dependencies, and cause-and-effect between and among objects and events.
	
	

	Listed a follow-up question that could be Investigated based on observations during the investigation. 
	
	

	Comments:

©S&KAssoclates

May be copied only with written permission from co-authors, Sheryl Mercier and/or Karen Ostlund.


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–1.1
Generate hypotheses on the basis of credible, accurate, and relevant sources of scientific information

	SC Streamline Video

“Pre-experimental stage: find a question and form a hypothesis” 2:17

“Step Two: form a hypothesis” .33

“Exploration and making a hypothesis” 2:29

“Scientific method: developing hypothesis” (A teacher reviews the steps of scientific method, reinforces vocabulary and encourages students to use previous experiments to develop hypothesis 4:54
	Module PS 1.1

Lesson A

Candle demonstration 

Lesson B
Scientific Methods Control and Variable

Lesson C

Alka-Seltzer Lab

Lesson D

Exploring knowledge and Ideas: 

A personal inquiry experience with a pendulum

	To demonstrate mastery of this indictor the student should:

Generate hypotheses on the basis of credible, accurate, and relevant sources of scientific information 

Formulate a credible hypothesis for an investigation.  

understand  relationship between the independent and dependent variables 
Identify the variables involved in a hypothesis

Use data to determine whether a hypothesis was supported or not supported by that data; 

Summarize the criteria by 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	which scientific information would be used to help generate the hypothesis;

Inquiry rubric

Scoring guide for Scientific investigation


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–1.1


Generate hypotheses on the basis of credible, accurate, and relevant sources of scientific information





Other indicators addressed:


 PS-1.4 Design a scientific investigation with appropriate methods of control to test a hypothesis (including independent and dependent variables), and evaluate the designs of sample investigations.


 PS1.5 Organize and interpret the data from a controlled scientific investigation by using mathematics (including formulas and dimensional analysis), graphs, models, and/or technology.


 PS1.6 Evaluate the results of a controlled scientific investigation in terms of whether they refute or verify the hypothesis.





15 liters  X  1000 milliliters  =  15,000 milliliters


                         1 liter 


	           (conversion factor)





15 milliliters  X     1 liter        =  0.015 liters


	                   1000 milliliters








