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Critical Thinking is an essential component of all mathematics courses.  Formal documentation of the critical thinking process is necessary for an instructor to plan, implement and assess learner-centered activities.
Session Goals – Participants will see critical thinking activities successfully used in College Algebra and Business Calculus courses.  The process used at one community college to create formal documentation necessary to assess the critical thinking activities will be provided.  Finally, participants will be led in a discussion on the role of learner-centered critical thinking activities in the mathematics classroom.
Session Background - Wake Technical CC has a plan for improving student learning that focuses on critical thinking.  ACE – Analyze, Create, Evaluate – Thinking for Life is a student learning enhancement project embraced by the College.  The plan is designed to improve students’ critical thinking skills through an intentional and persistent emphasis across the general education core on the development of more complex cognitive processes, especially the abilities to analyze, evaluate, and create.
Instructors in the mathematics & physics department have been successfully documenting critical thinking outcomes and the use of learner-centered activities for 3 years.  Other departments at Wake Tech have turned to us for guidance with their critical thinking plans and have found our material helpful in designing their learning objectives.
For the ACE-Thinking for Life project, all Wake Tech instructors prepare individual portfolios to document learning activities that allow their students to participate in improving higher order thinking skills.  The Mathematics & Physics department goes further and course committees, such as College Algebra and Brief Calculus committees, also document activities that show how all students taking the course have opportunities to strengthen critical thinking.
This session is designed to share how individual instructors and department committees can plan, implement, and study results of student learning outcomes related to critical thinking skills.  The presenters will share their planning documents and processes, activities used and improved, and data from several semesters illustrating AMATYC’s goal for all instructors and departments to use an on-going assessment cycle.  Mathematics faculty should be able to take our material and modify it for use in their institutions.  A discussion about why the process is important will help attendees reflect on their classes and provide support for implementing their own critical thinking assessment practice.

	Bloom Level
	Alternate Action Verbs

	Creating
	Design, Develop, Propose

	Evaluating
	Critique, Justify, Predict

	Analyzing
	Classify, Compare, Differentiate

	Applying
	Apply, Compute, Role-play

	Understanding
	Explain, Identify, Summarize

	Remembering
	Define, Identify, Recall


Two Examples of a quick in-class Critical Thinking Quiz
Quiz on Exponential Problems

Names______________________________________________________________

A. Create an exponential word problem with at least three questions.

Names__________________________________________

B. Analyze the exponential word problem and answer the three question

Names__________________________________________

C. Evaluate using complete sentences the exponential word problem in A. (good test question/bad test question/toohard/tooeasy) and grade the answer in B.

Quiz on the Product Rule

Name__________________________________________

A. Create a Product Rule problem

[image: image8.png]Percent Success

100.00%

40.00%

Learning Objective 11
Model Quadratic

Semester






[image: image1.wmf](

)

=

x

f


Name__________________________________________

B. Evaluate the derivative of the function created above.
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Name__________________________________________

C. Analyze using complete sentences the Product Rule problem in A (good test question/bad test question/too hard/too easy) and grade the answer in B.

Suggested Template for planning, documenting, and assessing Critical Thinking Activities

Activity Title, Instructor Name, Course, Semester

Activity Description

Selected Outcomes

Upon completion, students will successfully

Taxonomy Table

	
	Remember
	Understand
	Apply
	Analyze
	Evaluate
	Create

	Factual Knowledge
	
	
	
	
	
	

	Conceptual Knowledge
	
	
	
	
	
	

	Procedural Knowledge
	
	
	
	
	
	

	Metacognitive Knowledge
	
	
	
	
	
	


Grading Criteria

	Point Value
	Criteria

	0
	<Unsuccessful>

	1
	<Attempted, but insufficient>

	2
	<Correct, with sufficient work demonstrated>


Samples of Student Work

(See attached samples)

Quantitative Assessment

	Point Value
	Frequency
	Percent

	0
	
	

	1
	
	

	2
	
	

	Total Submissions
	

	Average Statistic
	


Qualitative Assessment
Assessing Critical Thinking on the Final Exam MAT 161 – College Algebra Learning Objective

Learning Objective 11 – After completing this course, the student will analyze data.  This will be demonstrated by their ability to analyze the data in a table and create the appropriate model.
Question previous to Spring 06 – Each of the following tables can be modeled exactly by either a linear, quadratic, or exponential function.  For full credit show your calculations used to determine the type of model that fits the data.  Explain your reasoning in a complete sentence.  Find the model.

Spring 06 Question – Each of the following tables can be modeled exactly by either a linear, quadratic, or exponential function.  Find the function of best fit using the appropriate test of the data.  For full credit show the calculations you used to determine the type of model that fits the data.  Explain your reasoning in a complete sentence.

	Data
	

	F04
	60.25%

	S05
	73.71%

	F05
	68.17%

	S06
	84.85%

	F06
	82.43%

	S07
	72.94%

	F07
	83.48%

	S08
	83.69%


Notes:
Fall 04 – Improve Test Packet Material.
Spring 05 – Create Lab Manual and increase emphasis on modeling data. 
Fall 05 – Change wording of Final Exam Question to improve understanding.
Spring 06 – New wording greatly improved the data on this objective.  No new changes are necessary.
Fall 06 – Create in-class activities to practice modeling data.
Spring 07 – Create page in Lab Manual that has multiple types of data to model.
Fall 07 – We decided to count this LO as correct even if points were deducted for using y instead of A.
Spring 08 – Reducing the number of Projects and Excel Labs should help give the time needed to improve this objective.
Excel Activity Designed to Increase Critical Thinking
Department of Mathematics and Physics

MAT 161

Assignment

The assignment below is question 2 on a supplemental Excel activity on linear functions.

2. On Sheet 2 create a template that will generate the line that passes through any two non-vertical points (x1, y1) and (x2, y2).  A template is a sheet that an Excel novice can use to investigate mathematical topics.  Pretend that you are tutoring a MAT 080 student.  They need to be able to enter two points and the template will automatically generate a graph and the correct linear equation.  The template should include:

a. Cells for the user to enter the x and y values of the points.

b. A graph of the two points.

c. The linear equation that passes through the points.

d. A textbox containing instructions on how to enter the points into the template.

The template should NOT include instructions on how to add a trendline; the equation of the line should appear when the points are typed into the appropriate cells.  Test your template with several different pairs of points for which you already know the equation.

Selected Student Outcomes

Upon assessment, students will successfully:

· Create a functioning template.

Taxonomy Table

	
	Remember
	Understand
	Apply
	Analyze
	Evaluate
	Create

	Factual Knowledge
	X
	
	
	
	
	

	Conceptual Knowledge
	
	X
	
	X
	
	

	Procedural Knowledge
	
	
	X
	
	
	X

	Metacognitive Knowledge
	
	X
	
	
	
	


Criteria For Grading

Grading rubric for the student outcome:

	Assessment
	Points

	A non-functioning template or containing at most one of the parts a, b, c, and d.
	0

	A functioning template containing at most three of the parts a, b, c and d.
	1

	A correctly functioning template containing all four parts.
	2


Samples of Student Work

(see attached samples)

Quantitative Assessment of Course Performance

	
	# of students receiving
	

	Semester
	2
	1
	0
	Total # of Students
	Course Statistic

	Spring 2007
	81
	62
	20
	163
	1.37

	Fall 2007
	138
	111
	47
	296
	1.31

	Spring 2008
	108
	55
	22
	185
	1.46

	Fall 2008
	139
	98
	37
	274
	1.37


Qualitative Assessment of the Assignment and Class Performance

Evaluation of Assignment

Once again everyone was pleased with the activity.  Students worked hard and asked many questions.  In the Fall of 2007 it was decided to rewrite the instructions so that the students did not need as much guidance in what they were trying to create.  We also agreed to create templates for instructors to use during lectures leading up to this activity.  New instructions will be in place for the Fall of 2008 and templates were used during the lectures in the Spring 2008 semester.

Course Performance

Fall 2007 was the second time giving this assignment.  The course statistic was calculated by the formula 
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.  This shows that the number of students who were able to successfully complete the outcome was more than the number of students who received a 0.  The course statistic dropped slightly in the Fall, but there is no significant difference in the outcome.  Hopefully, by changing the instructions and creating example templates the course statistic will increase.  The increased course statistic in the Spring of 2008 is an indication of the helpfulness of the templates used by instructors and the modified instructions given to students verbally.  Note: The MAT 161 Lab Manual is updated annually.

Functions by Graphs:  Critical Thinking Activity
Names _________________________________________________________

1. Margaret and Will created a computer game named Pink Ribbon Ninjas.  They used data to determine that their game score S could be modeled by the function 
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, where n is the number of times they played the game.

a. Fill in the table below (round off the score to the nearest whole number) and compute the average rates of change.

	Game
	Score
	ARC

	0
	
	X

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	


b. What is the concavity of the function and what does it mean in practical terms?

c. Between what two games does the greatest rate of change occur and what is the mathematical term for this point?

d. If Margaret and Will could play this game forever what would be their score?

2. Bill and Ted enjoyed the laws of Physics.  They decided to run an experiment with water balloons.  Ted dropped a water balloon from the 10th floor of the dorm and knew from Physics that the equation 
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 modeled its height, h, in feet above the ground after t seconds.  Bill dropped his water balloon 2 seconds later from the second floor which was 160 feet lower than Ted.  The experiment worked perfect and their balloons hit the target at the exact same time.  At what time after Ted dropped his balloon did they hit the target and how tall was the target?

Functions by Graphs Activity Designed to Increase Critical Thinking
Department of Mathematics and Physics MAT 161

Activity Description

The handout Functions by Graphs is used for generating a discussion of key concepts the students must know for Test 1 in MAT 161.

1. Margaret and Will created a computer game named Pink Ribbon Ninjas.  They used data to determine that their game score S could be modeled by the function 
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, where n is the number of times they played the game.  What is the concavity of the function and what does it mean in practical terms?

2. Bill and Ted enjoyed the laws of Physics.  They decided to run an experiment with water balloons.  Ted dropped a water balloon from the 10th floor of the dorm and knew from Physics that the equation 
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 modeled its height, h, in feet above the ground after t seconds.  Bill dropped his water balloon 2 seconds later from the second floor which was 160 feet lower than Ted.  The experiment worked perfect and their balloons hit the target at the exact same time.  At what time after Ted dropped his balloon did they hit the target and how tall was the target?

Selected Outcomes

Upon completion, students will successfully

1. Analyze the graph of the function and interpret the rate of change of the function.

2. Apply transformations to a problem and determine the solution.

Taxonomy Table

	
	Remember
	Understand
	Apply
	Analyze
	Evaluate
	Create

	Factual Knowledge
	X
	
	
	
	
	

	Conceptual Knowledge
	
	X
	X
	X
	
	

	Procedural Knowledge
	
	
	
	
	X
	

	Metacognitive Knowledge
	
	
	
	
	
	


Grading Criteria

	Point Value
	Criteria

	0
	Students did not correctly analyze the graph or interpret the rate of change.

	1
	Students correctly analyzed the graph, but did not interpret the rate of change in context of the problem.

	2
	Students correctly analyzed the graph and interpreted the rate of change in context of the problem.


	Point Value
	Criteria

	0
	Students did not apply the concept of transformations.

	1
	Students applied the concept of transformations, but did not successfully evaluate the solution.

	2
	Students applied the concept of transformations and successfully evaluated the solution.


Quantitative Assessment

	
	# of students receiving
	

	Semester
	2
	1
	0
	Total # of Students
	Course Statistic

	Fall 2007
	27
	9
	6
	42
	1.50

	Spring 2008
	15
	25
	0
	40
	1.38

	Fall 2008
	12
	10
	0
	22
	1.55


	
	# of students receiving
	

	Semester
	2
	1
	0
	Total # of Students
	Course Statistic

	Fall 2007
	6
	20
	16
	42
	0.76

	Spring 2008
	5
	4
	31
	40
	0.35

	Fall 2008
	2
	12
	8
	22
	0.73


Qualitative Assessment

This activity was challenging for my MAT 161 students.  The first objective seems to be more in line with the material the students need to know for the first test and consequently they scored better.  The second objective is more difficult for the students and required thinking at a higher level than what they need to know for the test.  I administered the handout for the first time in the Fall and gave more direction as the students worked on the sheet which is why they performed better than the students in the Spring.  In the fall the handout was used in a 50 minute class day and the students were not as receptive to the activity because the second problem was too difficult.  The discussion fell on “deaf” ears after they learned that the second question type would not be on the test.  In the spring I used the handout on a class day which was longer than 50 minutes and the students discussed both questions more thoroughly.  I look forward to using this activity again.  In order to improve the quantitative results I plan to introduce the activity with more information in order to help the students approach the problems more effectively and continue to use the activity on a class day with more than 50 minutes.
Linear Programming Activity Designed to Increase Critical Thinking
Department of Mathematics and Physics

MAT 263

Assignment
The question below is on the 4th exam.

Sam’s Snacks prepares packages of trail mix that contains raisins, peanuts, and dried apple slices.  Sam prepares two different types of mixes, a regular mix and a deluxe mix.  The following chart shows how many ounces of each ingredient are used in each package of mix.

	
	Raisins, oz
	Peanuts, oz
	Dried Apple slices, oz

	Regular mix
	12
	12
	16

	Deluxe mix
	8
	16
	24


There are at most 576 ounces of raisins, 768 ounces of peanuts, and 1088 ounces of dried apple slices available.  Sam will make $4.00 profit on a package of regular mix and $4.50 profit on a package of deluxe mix.

a.
How many packages of each type should he produce in order to maximize profit?

b.
What is the maximum profit?

Selected Student Outcomes

Upon assessment, students will successfully:

1. Find the constraint expressions and objective function.

2. Use Solver to find the maximum profit and the corresponding number of packages.

Taxonomy Table

	
	Remember
	Understand
	Apply
	Analyze
	Evaluate
	Create

	Factual Knowledge
	
	
	X
	
	
	

	Conceptual Knowledge
	X
	X
	
	X
	
	

	Procedural Knowledge
	
	X
	X
	
	
	

	Metacognitive Knowledge
	
	
	
	
	
	


Criteria For Grading

Spring 2007 – The grading criteria for both outcomes were left to individual instructor’s discretion.  However, for the purposes of this assessment activity we each reported how many students received full credit for each problem.

Fall 2007 – 

	Assessment #1
	Points

	Incorrect variables, constraints and function.
	0

	Correct variables, but incorrect constraints or function.
	1

	Correct variables, constraints and objective function.
	2


	Assessment #2
	Points

	Insufficient setup.
	0

	Setup is correct, but failed to correctly implement Solver.
	1

	Correct solution.
	2


Quantitative Assessment of Course Performance
	Semester
	Selected Outcome
	Number Correct
	Total Number
	Percent Correct

	Spring 2007
	1
	53
	79
	67%

	
	2
	55
	79
	70%


	Semester
	Selected Outcome
	Number of 0’s
	Number of 1’s
	Number of 2’s
	Average Outcome

	Fall 2007
	1
	20
	25
	81
	1.48

	
	2
	30
	5
	91
	1.48

	Spring 2008
	1
	18
	29
	91
	1.53

	
	2
	29
	11
	98
	1.50


Qualitative Assessment of the Assignment and Class Performance

Evaluation of Assignment

Spring 2007 – This type of question has previously occurred on Exam 4 and the Final Exam; however this is the first semester where data was actually collected. A better source for assessment could be Exam 4 due to the collection of students’ Excel work.

Fall 2007 – This assessment was collected from Exam 4. The students’ work can be collected and checked. The assessment criteria was also modified to allow more flexibility.

Spring 2008 – Students were given more skill problems to practice the use of Excel to solve linear programming problems. This allowed for a deeper discussion of the application problems.

Course Performance

Spring 2007 – The goal for this problem was a 70% success rate, which both assessments were very close. The difficulty for the students who were unsuccessful occurs in Assessment #1. Most students that were able to develop the expressions were able to successfully complete the problem.

Fall 2007 – Both outcomes increased to about a 75% success rate.

Spring 2008 – Both outcomes passed the 75% success rate.

Critical Thinking:  Interpreting Graphs Activity, MAT 263

Name: ___________

I.  Consider the problem to “write the equation of a tangent line.”  Why is this skill important enough to be listed as a Benchmark on your syllabus?

II. Observe the following unlabeled graphs, A – E.

Label each graph as one of the following

1) The original function


y = f(x)

2) The derivative function

y = f’(x)

3) A tangent line of the function
y = f’(x) * x + b

4) None of the above


y = g(x)

	






	A, purple ______

B, yellow, _______

C, green, ________

D, navy, ________

E, pink, ________


III.  Defend your choices for the graphs (explain your reasoning)

Interpreting Graphs Activity Designed to Increase Critical Thinking
Department of Mathematics and Physics    Individual Instructor, MAT 263, Fall 2007
Activity Description
Students were given a worksheet that had 5 graphs displayed.  They also had an Excel document posted to our class Blackboard site, which I opened and displayed so they could view the colors of each graph as noted on the handout.  There are two writing prompts on the worksheet, one to set up the activity, and one to reflect on their choices.

Students were told that the insights related to correctly identifying the graphs would help them on the upcoming derivative test.  They were reassured that they would be given the correct answers at the end of the activity, and that they were not being graded as to correctness, but the grade would be a completion grade, indicating involvement in the activity.  This was an individual critical thinking activity.

Selected Outcomes

Upon completion, students will successfully

1. analyze graphs and visual relationships in order to identify which one is the original function,  the derivative, a tangent line, or none of those options

2. evaluate their reasoning, and communicate their mathematical interpretation 
Taxonomy Table

	
	Remember
	Understand
	Apply
	Analyze
	Evaluate
	Create

	Factual Knowledge
	
	
	
	X
	
	

	Conceptual Knowledge
	
	
	X
	X
	
	

	Procedural Knowledge
	
	
	X
	
	X
	

	Metacognitive Knowledge
	
	
	
	
	
	


Grading Criteria

	Number of responses
	Point Value
	Criteria

	
	0
	None of the graphs were correctly labeled, or the student did not follow directions.

	
	1
	At least 1 correct non-trivial graph.

	
	2
	All 5 graphs are correctly labeled.


	Number of responses
	Point Value
	Criteria

	
	0
	The explanation does not make sense or is not mathematically connected to decision.

	
	1
	There are some correct reasons for a correct decision.

	
	2
	The explanation is well-stated and correct.


Samples of Student Work

(1) Consider the problem to "write the equation of a tangent line."

Why is this skill important enough to be listed as a Benchmark on your syllabus?

Student responses:  Writing tangent line equations shows we understand slope, and how the rate of change at a certain point tells us about change.  We can use the tangent lines to determine when the function is increasing, decreasing, has a maximum or minimum. Finding the equation of the tangent lines means you understand the slope of the function at a point.  It helps you know part of the relationship of the function.  The tangent line helps you find what is happening to the function at a point:  the instantaneous rate of change.

(2) Defend your choices for the graphs (explain your reasoning)

Student responses:  Notice the relationship between the navy graph and the yellow line, because the tangent refers to the original function and the yellow line touches the graph once AND it has the slope.  (the other line intersects D but does not follow the slope so is not tangent to the graph). To determine E is derivative, notice that the graph is 0 at the peak of the original.  Also, when there was a change in the original, from increasing to decreasing, the slopes became negative.

Notice there is only one tangent line.  The yellow touches the blue curve AND follows it's slope.

The green line intersects but does not follow the pattern of the blue (the original function).

Discard the parabola, no connection to any of the other graphs.

When the function is decreasing, the slopes will be negative and so the graph of the derivative will be below the x-axis.  The derivative is pink because it shows zero slope at x = 0 for the maximum (of the original function).

(For worksheet samples, see attached)

Quantitative Assessment
	Number of responses
	Point Value
	Criteria

	17
	0
	None of the graphs were correctly labeld, or the student did not follow directions

	13
	1
	At least 1 correct non-trivial graph

	3
	2
	All 5 graphs are correctly labeled


Weighted response:  0.576
	Number of responses
	Point Value
	Criteria

	24
	0
	The explanation does not make sense or is not mathematically connected to decision

	7
	1
	There are some correct reasons for a correct decision

	2
	2
	The explanation is well-stated and correct


Weighted response:  0.333
Qualitative Assessment

When giving the assignment, I encouraged students to be open to trying something new.  In class and for homework assignments, students have to graph functions and tangent lines, and functions and derivatives on the same set of axes, but we had not graphed all three on one set of axes.  I made it an automatic full-credit class grade, so that there would not be a grade stressor.

Students were engaged with the activity, but did not like being asked to “think critically” on a review day.  I felt it was appropriate because it was a fresh approach to interpreting relationships that were to be tested.  Students have completed several minute paper responses this semester, so were comfortable writing short responses.

Overall, student responses were very weak and the outcomes disappointing to me.  This was surprising, because students had been engaged with graphical reasoning exercises throughout the development of the derivative and applications.  Perhaps time constraints were an issue, but I think that most students did not internalize the information about functions and their derivatives, such as an increasing function will have a derivative with positive output values.  Even though they had been assigned many “tangent line” problems, they did not connect their answers to a graphical interpretation.

To improve the activity, I will re-work the graphs to make the tangent line more clearly touch at only one point.  I will use both sides of the handout so that students will have the space indication that they should write clear and complete sentences.  This was an individual activity, and I did not want to spend too much time on it (since it was a review day).  I will use the activity earlier in the schedule of instruction, and allow some extra time for pair/share work prior to submitting answers.  I will add an element to strengthen this as an ACE activity, prompting students to evaluate their work:  do they think they are correct, and rate their mathematical interpretation and explanation.

Summer 2008:  While I did not formally collect data in the summer class, I successfully used this handout and Excel page as an interactive learning activity.  The students were relaxed, and were interested in hearing other students’ share how they were thinking about the graphs.
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