[bookmark: _GoBack]Revised Assignment:
Both set of questions have been already implemented in the course. It has been suggested to develop a third set of questions to be applied at the end of the course. The first set of questions revolves around quantitative reasoning (QR) based on problem solving using conversation factors (Chapter 1). The second set revolves around problem solving using conversation factors grounded in Chapter 4 content (Quantities in Chemical Reactions). As this last topic is the most difficult content for students in this course, it is not clear if their QR development is masked by the lack of understanding of chapter 4 ideas. Thus, final exam questions linked to chapter 1 and chapter 4 will document if students develop QR skills regardless their course content understanding level.

This below table summaries rubrics used to document student progress:
QR-Problem Set 1 (Chapter 1: Conversion Factors in Calculations)
QR-Problem Set 2 (Chapter 4: Quantities in Chemical Reactions)
	Criteria
	Satisfactory
	Intermediate
	Novice

	Student ability to deconstruct the problem statement into a work algorithm
	2
	1
	0

	 Student ability to perform calculations
	1
	0
	0

	Student ability to evaluate if results are accurate and/or make senses
	2
	1
	0




Set of Questions based on Chapter 1: Conversion Factors in Calculations)
Introduction: This assignment will be implemented in General Chemistry I (CHE210). This assignment will be implemented after discussing Chapter 1 (weeks 1 and 2). Students taking this class have at least a pre-Calculus level regarding Math background. This chapter one focuses on dimensional analysis, measurements, conversion factors and students start developing abilities to solve problems based on dimensional analysis. During this chapter, the item General Problem-Solving Strategy is discussed. Thus the goals can be introduced during the chapter 1 as follows: 

1- (Knowledge and Conceptual Understanding): Students will be able to identify given information and problem end point (what they must find).
2-  Thinking and Other Skills): Students will be able to develop a conceptual map or series of steps that take them from given information to the information they are trying to find.
3- (Attitudes, Values and Habits of Mind):  Students will develop the habit to check answer accuracy by asking themselves: Does this answer make sense? Are the units correct? They should be able to verify if the problem strategy produces the correct answer.

Assignment:
Questions will be presented in an increasing order of complexity. Students usually develop problems during lecture time, outside class time based on homework requirement and during recitation hour devoted to solve problems. This 3-problem set can be presented during the second part of the recitation hour. 

1) It has been estimated that 8.0 x 104 tons of Gold have been mined. Assume Gold costs $948 per ounce. What is the total worth of this quantity of Gold?
 

2) The men’s world record for running a mile outdoors (as of 1999) is 3min 43.13 seconds. At this rate, how long would it take to run a 1500m-race? (1 mile=1608 meters). 
 
3) A resting adult requires about 240 ml of pure oxygen/min and breathes about 12 times every minute. If inhaled air contains 20 percent oxygen by volume and exhaled air 16 percent, what is the volume of air per breath? (Assume the volume of inhaled air is equal to that of exhaled air). 

QR-Problem Set 2 (Chapter 4: Quantities in Chemical Reactions)
Then, above described goals can be revisited in Chapter 4 grounded in this chapter content (Quantities in Chemical Reactions):
1. (Knowledge and Conceptual Understanding): Students will be able to determine amount of moles, amount of grams and amount of molecules for each compound involved in a chemical reaction. Students should also know the difference between these three concepts and the relation among each other.  
2. (Thinking and Other Skills): Students will be able to develop a strategy useful to determine proportional amount of grams, moles and molecules involved in a balanced chemical reaction. 
3. (Attitudes, Values and Habits of Mind):  Students will learn to assess whether calculated amounts of grams, moles and molecules in balanced chemical reactions make sense and ultimately will be able to evaluate the accuracy of their results.

Assignment:
Questions will be presented in an increasing order of complexity. Students usually develop problems during lecture time, outside class time based on homework requirement and during recitation hour devoted to solve problems. This 4-problem set can be presented during the second part of the recitation hour. 

1.- The molecular formula for caffeine is C8H10O2N4. How many moles of C atoms are present in a 2.0 g sample of caffeine? 


2- The combustion of propane (C3H8) produces CO2 and H2O: 

	C3H8 (g)  +  5 O2 (g)  →  3CO2 (g)  +  4 H2O  (g)

The reaction of 2.5 mol of O2 with 4.6 mol of C3H8 will produce __________ mol of H2O.

3- Under appropriate conditions, nitrogen and hydrogen undergo a combination reaction to yield ammonia:

	N2 (g)  +  3 H2 (g)  →  2NH3 (g)

If the reaction yield is 87.5%, how many moles of N2 are needed to produce 3.00 mol of NH3?.

4-  A method for producing pure copper metal involves the reaction of copper (I) sulfide with oxygen gas (O2) to give copper metal and sulfur dioxide.  Suppose the yield of this reaction is 87%.  What mass of a copper ore consisting of 46% copper (I) sulfide must be mined in order to produce 1.0  103 kg (1.0 metric ton) of copper metal?

