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Vermont Framework Standards: 
SCIENTIFIC METHOD
7.1    Students use scientific methods to describe, investigate, explain phenomena, and raise questions in order to:

• Generate alternative explanations — hypotheses — based on observations and prior

  knowledge;

• Design inquiry that allows these explanations to be tested;

• Deduce the expected results;

• Gather and analyze data to compare the actual results to the expected outcomes; and

• Make and communicate conclusions, generating new questions raised by observations and

   readings.

aaa.  Frame questions that can be investigated using scientific methods and knowledge, including manipulating variables, and predicting outcomes for untested hypotheses using scientific principles;

bbb.  Critically evaluate the validity and significance of sources and interpretations, including scientific knowledge, observation, and experimentation;

ddd.  Formulate and revise explanations and models based on evidence, logical argument, and scientific principles;

ggg.  Propose, recognize, analyze, synthesize, and evaluate alternative explanations; and

hh.   Identify problems and opportunities, propose designs and choose among the alternatives, implement a solution and evaluate its consequences.

Theory

7.3    Students understand the nature of mathematical, scientific, and technological theory. This is evident when students:

aaa.  Use principles and observations to formulate theory and to explain or predict phenomena.                                    
Analysis

7.11  Students analyze and understand living and non-living systems (e.g., biological, chemical, electrical, mechanical, optical) as collections of interrelated parts and interconnected systems. This is evident when students:

aaa.  Demonstrate understanding that analysis of systems is important to define and control inputs and outputs; and

bbb. Demonstrate understanding that systems are effectively designed when specifications and constraints are understood; systems are optimized when efficiencies are maximized; and a system is never 100 percent efficient (entropy).

SPACE, TIME, AND MATTER
Matter, Motion, Forces, and Energy

7.12  Students understand forces and motion, the properties and composition of matter, and energy sources and transformations. This is evident when students:

bbb.  Demonstrate an understanding of the atomic structure of matter in relationship to the periodic table, bonding, elements and compounds; demonstrate an understanding of the conservation of matter; understand how radioactive elements decay (e.g., half life, alpha and beta emissions);

Designing Solutions

7.19  Students use technological/engineering processes to design solutions to problems. This is evident when students:

bbb.  Evaluate and adjust a design process, responding to the unique characteristics of a specific problem.

Vermont Grade Expectations or Local Learning Goals: 

S9-12:2




Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…

•Developing a testable/guiding hypothesis and predictions based upon evidence of scientific principles.          
AND
•Predicting results (evidence) that support the hypothesis.                         

S9-12:3




Students demonstrate their ability to EXPERIMENTAL DESIGN by…

•Writing a plan that includes:

a. Procedures that incorporate appropriate protection (e.g. no food in the lab area).

b. Appropriate tools, units of measurement and degree of accuracy.

d. Use of scientific terminology that supports the identified procedures.
S9-12:4




Students demonstrate their ability to CONDUCT EXPERIMENTS by…

•Collecting significant data by completing multiple trials;

•Evaluating and revising procedures as investigation progresses.
S9-12:7




Students demonstrate their ability to EXPLAIN DATA by…

•Proposing, synthesizing, and evaluating alternative explanations for experimental results.

AND

•Citing experimental evidence within an explanation.

AND

•Including logically consistent positions to explain observed phenomena.

S9-12:8




Students demonstrate their ability to APPLY RESULTS by…

•Proposing and evaluating new questions, predictions, procedures and technology for further investigations.

S9-12:15 and Extension


Students demonstrate their understanding of Chemical Change by…

•Qualitatively predicting reactants and products in a prescribed investigation (e.g. oxidation, reduction, acid/base reactions.)
AND
•Using chemical equations and information about molar masses to predict quantitatively the masses of reactants and products in chemical reactions.

AND
•The number of atoms in the reactants in any chemical reaction are the same as the number of atoms in the products of that chemical reaction.
Teacher Materials and Administration Notes: 

Materials:

1. Triple beam balance

2. Beakers (2, 150 mL; 600 mL)

3. Graduated cylinder (100 mL)

4. Spatula
5. Baking soda (NaHCO3)

6. Vinegar (5% acetic acid; CH3COOH

7. Zip lock bag

8. Plastic bag

9. Twist ties

Scenario:

John is interested in validating the Law of Conservation of Mass using a chemical reaction carried out in both open and closed experimental systems.  John recalls a chemical reaction he performed in middle school in which baking soda and vinegar are mixed together in the classic “volcano reaction”.  
John has some concerns, however, that carrying out this reaction in an open beaker may not yield results that will support the Law of Conservation of Mass.  Therefore, John is also prepared to carry out the “volcano reaction” in a sealed plastic bag.  John is anxious to see which experimental design will yield data that more strongly support the Law of Conservation of Mass.
Why is John concerned that performing the “volcano reaction” in a beaker may not yield results that support the Law of Conservation of Mass?  Will carrying out the reaction in a sealed plastic bag yield data that more strongly support the Law of Conservation of Mass?  If so, why?
Question 1.

State the Law of Conservation of Mass.
1.  Depth of Knowledge:        Webb Level 1         
2.  Part of the GE(s) most strongly elicited by the question. 

     S9-12:15 bullet 2 
3.  Pre-requisite skills and knowledge students need to be successful:

     Previous knowledge of the Law of Conservation of Mass
4.  Expected Student Response:

     The Law of Conservation of Mass states that, in an ordinary chemical reaction, mass cannot be created or destroyed, but atoms can be rearranged to make new forms of matter.
5.  Score Points:

 Score Points:

    Key Elements of Expected Student Response:

1 Accurate statement of the Law of Conservation of

Mass

Question 2.

Predict whether John’s concern is valid regarding the Law of Conservation of Mass in the reaction in the beaker.  Explain your reasoning.

1.  Depth of Knowledge:             Webb Level 2      
2. 
Part of the GE(s) most strongly elicited by the question.
     S9-12:2 bullets 2 
3.  Pre-requisite skills and knowledge students need to be successful:

     Predicting with evidence 
     Previous knowledge of the Law of Conservation of Mass and the “volcano reaction”

     Demonstration of the volcanic reaction previous to assessment

     Previous knowledge of open experimental systems
4.  Expected Student Response:

I predict John’s concern is justified because mass will be lost because of the open      system.

     (i.e.  I think performing the reaction in a beaker will only weakly support the Law of

     Conservation of Mass because any liquid and/or gas being released by the reaction will

     not be contained in the beaker and, thus, will not be accounted for in the final mass of

     this type of open experimental system.)

5. 
Score Guide:

Score Points:

    Key Elements of Expected Student Response:
1 Includes an explanation that supports their prediction.

Investigation
Perform the following procedures to investigate the Law of Conservation of Mass in a simple chemical reaction (the “volcano reaction”) in open and closed systems.

Materials:

Triple beam balance

Beakers (2, 150 mL; 600 mL)

Graduated cylinder (100 mL)

Spatula
Baking soda (NaHCO3)

Vinegar (5% acetic acid; CH3COOH)
Zip lock bag

Plastic bag

Twist ties

Procedure:


Part 1

Question 3:
1. Construct a data table (as outlined) consisting of Initial Mass (g), Final Mass (g), Change in Mass (g), and Observations for both Part 1 and Part 2 of the experiment.
	


2. Weigh out 4-5 grams of baking soda and transfer it to 150 mL beaker.  
3. Using a 100 mL graduated cylinder, measure out approximately 100 mL of vinegar (5% acetic acid).  Pour the vinegar into the second 150 mL beaker. 
4. Carefully place both beakers on the balance and determine the initial total mass of the system as accurately as possible (0.1 g).  Record this mass in the data table.

5.  Carefully pour small portions of vinegar into the beaker and gently swirl between additions.  Record detailed observations of the reaction.
Teacher note:  Notice that the beaker gets cold because this reaction is       endothermic (takes in heat)!  You may want to acknowledge however do not make this a point of confusion because this is not part of assessment.
6.  Record the final mass in the data table.  
Depth of Knowledge:        Webb Level 1          Webb Level 2       Webb Level 3

Part of the GE(s) most strongly elicited by the question
    S9-12:4

Pre-requisite skills and knowledge students need to be successful:

     Mass measurement

     Volume measurement

    Record detailed observations
 Expected  Student Response:

 Students will record the measurements with the units labeled in the table they design.
 Score Points:

    Key Elements of Expected Student Response:

   
 1  
All measurements and observations recorded and accurately labeled.


Part 2

1.  Develop a more accurate procedure for testing the Law of Conservation of matter using a ziplock bag.

Question 4.
    List the procedural steps and materials used in Part 2 of the investigation.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2.  Record your data and observations in your data table.

1.  Depth of Knowledge:                Webb Level 2       
2.  Part of the GE(s) most strongly elicited by the question. 

     S9-12:4  bullets 1 and 2
3.  Pre-requisite skills and knowledge students need to be successful:

     Scientific Method – designing inquiry that allows explanation to be tested
     Designing Solutions – evaluate and adjust a design process
4.  Expected Student Response:

     Students will list in logical order and detailed steps required to

     successfully complete the given task.  Any hints and/or exceptions to established

     procedures will be included in the procedure.  Any and all materials and/or

     techniques will be listed and described in detail.
5.  Score Points:

 Score Points:

    Key Elements of Expected Student Responses:
1 Logical procedural steps contain appropriate detail.
1 Materials and/or techniques are described
    
1                                       
Procedural steps are appropriate to achieve a successful

                                          
outcome.
Question 5.

Using your observations, describe all evidence that a chemical change occurred in this experiment.
1.  Depth of Knowledge:             Webb Level 2       
2.  Part of the GE(s) most strongly elicited by the question. 

     S9-12:7 bullet 2
3.  Pre-requisite skills and knowledge students need to be successful:

     Observational analysis
     Previous knowledge of chemical reaction theory

     Previous knowledge of characteristics of chemical change
4.  Expected (correct) Student Response:

     Students will describe the dissolution of baking soda, the generation of bubbles, the

     spattering of liquid, the transfer of energy, and the production of a gas.
5.  Score Points:

    Score Points:

    Key Elements of Expected Student Response

         1                          Identification of bubbling, spattering and/or production of a gas
Question 6.

Look at your mass data from Part 1 and Part 2 of the experiment.  Compare the data from the two experiments.
1.  Depth of Knowledge:                 Webb Level 2      
2.  Part of the GE(s) most strongly elicited by the question. 

     S9-12:7  bullets 2
3.  Pre-requisite skills and knowledge students need to be successful:

     Ability to compare data
4.  Expected Student Response:

The data from Part 1 of the experiment show that _____ whereas the data from Part          2 of the experiment show that _____.   (i.e. The data from Part 1 of the experiment show that there was a decrease in mass between the initial and final conditions of ____ g.  The data from Part 2 of the experiment show that there was a decrease in mass between the initial and final conditions of _____ g.)
5.  Score Points:

 Score Points:

    Key Elements of Expected Student Response:

1 Explanation of change in mass from initial to final 



conditions.
Question 7.
Analyze how the data supports or does not support the Law of Conservation of Mass and why for the two experimental designs (discuss open and closed systems).
1.  Depth of Knowledge:        Webb Level 3
2. Part of the GE(s) most strongly elicited by the question. 
    S9-12:6 bullets 1 and 2
     S9-12:15
3.  Pre-requisite skills and knowledge students need to be successful:

     Previous knowledge of the Law of Conservation of Mass
     Previous knowledge of systems

     Ability to elucidate potential errors/anomalies based on observations and data
4.  Expected Student Response:

_____, the Law of Conservation of Mass was  _____ supported by the data.   (i.e.     No, the Law of Conservation of Mass was not supported by the data.  However, the Law of Conservation of Mass was not violated. Although there was a change in mass from initial conditions to final conditions, the type of system affected this difference.  Performing the experiment in a closed system (a sealed plastic bag) resulted in data that more strongly support (less change in mass) the Law of Conservation of Mass.  The primary reasons for the changes in mass are the result of the loss of microscopic amounts of liquid due to reaction energy and the loss of gas as reactants are converted to products from the open beaker as well as the loss of gas through microscopic pores in the sealed plastic bag.)

5.  Score Points:

 Score Points:

    Key Elements of Expected Student Response:

        1                                        Data confirms or refute conservation of mass
     
1                                       
Explanation of closed versus open systems.

     
1                                       
Identification of primary reasons for changes in mass.
Question 8.

How was your prediction supported or not supported by your data and observations? 
1.  Depth of Knowledge:        Webb Level 1          Webb Level 2       Webb Level 3
2.  Part of the GE(s) most strongly elicited by the question. 

     S9-12:2
     S9-12:7 bullet 2
3.  Pre-requisite skills and knowledge students need to be successful:

    Using data to support or refute prediction

     Previous knowledge of open and closed experimental systems
4.  Expected Student Response:

      My results and observations _____my prediction as evidenced by ____.  (i.e.  My    results and observations support prediction as evidenced by the fact that performing the “volcano reaction” experiment in an open system yielded results (larger change in mass than when the experiment was performed in a closed system) that suggest the Law of Conservation of Mass was violated.
 5.  Score Points:

 Score Points:

    Key Elements of Expected Student Response:


1
Explanation of why prediction was supported or not.
Question 9.
The balanced chemical equation for the “volcano reaction” is shown below.
1NaHCO3   +   1CH3COOH   ------>    1NaC2H3OO   +   1H2O    +    1CO2
      baking soda            vinegar                        sodium acetate      water    carbon dioxide

Using the data table below, compare the number of atoms in the reactants to the number

of atoms in the products.  
      Number of Atoms





      Na
   H

C
   O



   Before Reaction



    After Reaction








How does this data support the Law of Conservation of Mass?



    
1.  Depth of Knowledge:        Webb Level 1          
2.  Part of the GE(s) most strongly elicited by the question. 

     S9-12:15  bullet 1
3.  Pre-requisite skills and knowledge students need to be successful:

     Previous knowledge of the Law of Conservation of Mass

     Previous knowledge of open and closed experimental systems
4.  Expected (correct) Student Response:

     Baking soda and vinegar are composed of atoms.  In a chemical reaction where mass is

     conserved (Law of Conservation of Mass), the atoms composing baking soda and

     vinegar are rearranged to yield the products sodium acetate, water, and carbon

     dioxide.  At no time are those atoms “destroyed” nor are different atoms “created”. 

    Therefore, the number of each atom before the reaction must equal the number of

     each atom after the reaction.  Our data support the Law of Conservation of Mass

     because the number of each atom before and after the reaction are equal.
5.  Score Points:

 Score Points:

    Key Elements of Expected Student Response:

1 Number of atoms for reactants and products the same
Question 10.

When a log burns in a fireplace there is a release of water vapor, carbon dioxide and smoke particles. The resulting ash left by the log obviously has less mass than the log did.  Why does the burning of this log appear to violate the Law of Conservation of Mass?
1.  Depth of Knowledge:           Webb Level 2       
2.  Part of the GE(s) most strongly elicited by the question. 

     S9-12:15
3.  Pre-requisite skills and knowledge students need to be successful:

     Know what the products of combustion are
     Previous knowledge of the Law of Conservation of Mass
     Previous knowledge of systems
4.  Expected (correct) Student Response:

     The ash was only one product which was measurable.  The other materials went into the air.  The chimney was an open system.
5.  Score Points:

 Score Points:

    Key Elements of Expected Student Response:

1                 Only able to measure a portion of mass remaining, the rest escaped.
Teacher Guide
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