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Course Description 

Statistics and probability have played an increasingly important role in science, industry, health, and 
business. The fields of data science and decision analytics, for example, are exploding. These disciplines 
also touch most peoples’ everyday lives, as there is a growing need for people to interpret data, evaluate 
risk, weigh trade-offs, and make predictions about the future. 

In response to the ever-increasing importance of statistics and probability in today’s world, the Common 
Core State Standards (CCSS) has substantially elevated the status of these mathematical content areas in 
K-12 mathematics.  

As a result of these realities, the Conference Board of the Mathematical Sciences (CBMS) has advocated 
for a “new and improved” college-level statistics and probability course for aspiring teachers: “Given the 
importance of statistics in most people’s daily life, given future teachers’ minimal exposure in high 
school currently to the CCSS statistics and probability topics, and given the holes that remain after the 
typical introductory college statistics course and upper-division probability-statistics course, there is a 
strong argument that future teachers merit their own upper-level stats-prob course.”  
 

This course aims to be the probability-statistics course that the CBMS envisions—one that effectively 
prepares teachers to help middle school and high school students “learn with understanding” the 
fundamentally important statistics and probability concepts and skills that are needed for today’s world 
and that are articulated in the CCSS standards.  
 
 
Course Topics 
 
The following list describes the major mathematical topics that are addressed in the course: 

 Developing basic methods for calculating probabilities  
 Constructing area models and tree diagrams to calculate probabilities  
 Distinguishing between theoretical and experimental probabilities  
 Planning and carrying out simulations  
 Collecting and analyzing data  
 Constructing frequency bar graphs  
 Understanding, calculating, and interpreting expected value  
 Applying the concept of expected value to real-world situations  
 Learning about normal distributions and their properties  
 Calculating mean and standard deviation  
 Using normal distribution, mean, and standard deviation 
 Drawing inferences from statistical data 
 Designing, conducting, and interpreting statistical experiments 
 Making and testing statistical hypotheses 
 Formulating null hypotheses and understanding their role in statistical reasoning  



 Understanding and using the χ2, z, and t statistics  
 Understanding and appreciating that tests of statistical significance do not lead to definitive 

conclusions  
 Solving problems that involve conditional probability 
 Developing and applying principles for finding the probability for a sequence of events  
 Developing methods for the systematic listing of possibilities for complex problems 
 Developing the meaning of combinatorial and permutation coefficients in the context of real-

world situations, and understanding the distinction between combinations and permutations 
 Developing principles for computing combinatorial and permutation coefficients 
 Understanding and using Pascal's triangle 
 Developing and applying the binomial distribution 
 Using the binomial distribution to model a polling situation 
 Distinguishing between sampling with replacement and sampling without replacement 
 Understanding the central limit theorem as a statement about approximating a binomial 

distribution by a normal distribution 
 Using area estimates to understand and use a normal distribution table 
 Extending the concepts of mean and standard deviation from sets of data to probability 

distributions 
 Developing formulas for mean and standard deviation for binomial sampling situations 
 Using the normal approximation for binomial sampling to assess the significance of poll results 
 Working with the concepts of confidence interval, confidence level, and margin of error 
 Understanding the relationship between poll size and margin of error 

 
Northwestern Teacher Education Conceptual Framework 
 
The Teacher Education Program at Northwestern University is guided by a conceptual framework for 
teacher education, organized around a vision of learning, learners and teaching. 
 

 
 



Additionally, the Northwestern teacher preparation program will help candidates acquire dispositions, 
defined as habits of professional action and moral commitment to teaching, to the level of proficiency:  
 
Dispositions are habits of professional action and moral commitment to teaching. The program will help 
candidates acquire the following dispositions to the level of proficiency: 

 reflect on one’s own practice and make changes as appropriate 
 support students as individuals 
 collaborate with all stakeholders 
 engage all students 
 incorporate innovations in teaching, including the use of new technologies 
 conduct oneself professionally, responsibly and ethically 

 
 
Illinois Professional Teaching Standards (2013)  
 
Standard 1 - Teaching Diverse Students – The competent teacher understands the diverse characteristics 
and abilities of each student and how individuals develop and learn within the context of their social, 
economic, cultural, linguistic, and academic experiences. The teacher uses these experiences to create 
instructional opportunities that maximize student learning.  

Standard 2 - Content Area and Pedagogical Knowledge – The competent teacher has in-depth 
understanding of content area knowledge that includes central concepts, methods of inquiry, structures of 
the disciplines, and content area literacy. The teacher creates meaningful learning experiences for each 
student based upon interactions among content area and pedagogical knowledge, and evidence-based 
practice.  

Standard 3 - Planning for Differentiated Instruction – The competent teacher plans and designs instruction 
based on content area knowledge, diverse student characteristics, student performance data, curriculum 
goals, and the community context. The teacher plans for ongoing student growth and achievement.  

Standard 4 - Learning Environment – The competent teacher structures a safe and healthy learning 
environment that facilitates cultural and linguistic responsiveness, emotional well-being, self-efficacy, 
positive social interaction, mutual respect, active engagement, academic risk-taking, self-motivation, and 
personal goal-setting.  

Standard 5 - Instructional Delivery – The competent teacher differentiates instruction by using a variety 
of strategies that support critical and creative thinking, problem-solving, and continuous growth and 
learning. This teacher understands that the classroom is a dynamic environment requiring ongoing 
modification of instruction to enhance learning for each student.  

Standard 6 - Reading, Writing, and Oral Communication – The competent teacher has foundational 
knowledge of reading, writing, and oral communication within the content area and recognizes and 
addresses student reading, writing, and oral communication needs to facilitate the acquisition of content 
knowledge. 

Standard 7 - Assessment – The competent teacher understands and uses appropriate formative and 
summative assessments for determining student needs, monitoring student progress, measuring student 
growth, and evaluating student outcomes. The teacher makes decisions driven by data about curricular 
and instructional effectiveness and adjusts practices to meet the needs of each student.  

Standard 8 - Collaborative Relationships – The competent teacher builds and maintains collaborative 
relationships to foster cognitive, linguistic, physical, and social and emotional development. This teacher 
works as a team member with professional colleagues, students, parents or guardians, and community 
members.  



Standard 9 - Professionalism, Leadership, and Advocacy – The competent teacher is an ethical and 
reflective practitioner who exhibits professionalism; provides leadership in the learning community; and 
advocates for students, parents or guardians, and the profession.  
 
 
Academic Integrity 
 
Students in this course are required to comply with the policies found in the booklet, "Academic Integrity 
at Northwestern University: A Basic guide".  All papers submitted for credit in this course must be 
submitted electronically unless otherwise instructed by the professor.  Your written work may be tested 
for plagiarized content.  For details regarding academic integrity at Northwestern or to download the 
guide, visit: http://www.northwestern.edu/provost/policies/academic-integrity/index.html. 
 
 
Accommodations for Students with Disabilities 
 
Any student with a disability requesting accommodations must register with Services for Students with 
Disabilities (ssd@northwestern.edu; 847-467-5530) and request an SSD accommodation notification for 
his/her professor, preferably within the first two weeks of class.  All information will remain confidential. 
 
 
Attendance Policy 
 
Student attendance at every class meeting is expected. Your presence as part of a collaborative learning 
community is key to your development and the development of your colleagues. If for some reason you 
must be absent from a class session, you must inform the instructor before your absence. Because of the 
short number of overall class sessions in the quarter system, missing two class sessions puts your ability 
to pass the class in jeopardy. Missing three class sessions will result in an automatic grade of 
“Incomplete” and you will have to re-take the class at another time. 
 
 
Required Texts 
 
Fendel, D., Resek, D., Alper, L., & Fraser, S. (2012). Interactive Mathematics Program, Year 3: Pennant 

Fever. Mount Kisco, NY: It’s About Time. 

 Access to eBook version of resource will be provided 
 

Fendel, D., Resek, D., Alper, L., & Fraser, S. (2012). Interactive Mathematics Program, Year 4: The 
Pollster’s Dilemma. Mount Kisco, NY: It’s About Time. 

 Access to eBook version of resource will be provided 
 
 
Grading 
 

Class activities 
Homework and projects 
Midterm Exam 
Final Exam 

25% 
25% 
25% 
25% 
 

 
 



Schedule, Topics, Activities and Assignments by Class Session 
 

Session 1 (4/5/18) 

Math Topics 

 Developing basic methods for calculating probabilities 
 Constructing dot plots, boxplots, and frequency bar graphs 
 Learning about normal distributions and their properties 
 Calculating mean and standard deviation 
 Using normal distribution, mean, and standard deviation 
 Drawing inferences from statistical data 
 Making and testing statistical hypotheses 
 Formulating null hypotheses and understanding their role in statistical reasoning 
 Developing and applying principles for finding the probability for a sequence of events 

Class Activities 

 CW_1.1_Sticky Gum Problem.pdf 
 CW_1.2_Penny Weight.pdf 
 CW_1.3_Data Spread.pdf 
 CW_1.4_Penny Weights Revisited.pdf 
 CW_1.5_Reference_Normal Dist and Std Dev.pdf 
 CW_1.6_Bacterial Culture.pdf 

Homework Activities (due Session 2) 

 HW_1.1_Sticky Gum Problem Revisited.pdf 
 HW_1.2_Questions Without Answers.pdf 
 HW_1.3_Variability Problems.pdf 
 HW_1.4_Decisions with Deviation.pdf 

Session 2 (4/12/18) 

Math Topics  

 Developing basic methods for calculating probabilities 
 Constructing area models and tree diagrams to calculate probabilities 
 Distinguishing between theoretical and experimental probabilities 
 Planning and carrying out simulations 
 Collecting and analyzing data 
 Constructing dot plots, boxplots, and frequency bar graphs 
 Understanding, calculating, and interpreting expected value 
 Applying the concept of expected value to real-world situations 
 Learning about normal distributions and their properties 
 Calculating mean and standard deviation 
 Using normal distribution, mean, and standard deviation 



 Drawing inferences from statistical data 
 Designing, conducting, and interpreting statistical experiments 
 Making and testing statistical hypotheses 
 Formulating null hypotheses and understanding their role in statistical reasoning 
 Understanding and using the χ2, z, and t statistics 
 Understanding and appreciating that tests of statistical significance do not lead to 

definitive conclusions 

Class Activities 

 CW_2.1_One-and-One.pdf 
 CW_2.2_Memory Experiment.pdf 
 CW_2.3_Matching Boxplots, Histograms, and Summary Statistics.pdf 
 CW_2.4_To Market To Market.pdf 

Resources 

 RESOURCE_Chi-square Probability Chart.pdf 
 RESOURCE_Random Digit Table.pdf 
 RESOURCE_How to Compare Data Sets.pdf 
 RESOURCE_Patterns of Data in Statistics.pdf 

Homework Activities (due Session 3) 

 HW_2.1_Radio Station Prizes.pdf 
 HW_2.2_Spin the Pointer Problem.pdf 
 HW_2.3_Displaying and Describing Data Distributions.pdf 
 HW_2.4_Reaction Times.pdf 

 

Session 3 (4/19/18) 

Math Topics 

 Developing basic methods for calculating probabilities 
 Constructing area models and tree diagrams to calculate probabilities 
 Distinguishing between theoretical and experimental probabilities 
 Understanding, calculating, and interpreting expected value 
 Applying the concept of expected value to real-world situations 
 Learning about normal distributions and their properties 
 Calculating mean and standard deviation 
 Using normal distribution, mean, and standard deviation 
 Drawing inferences from statistical data 
 Designing, conducting, and interpreting statistical experiments 
 Solving problems that involve conditional probability 
 Developing and applying principles for finding the probability for a sequence of events 
 Developing methods for the systematic listing of possibilities for complex problems 



Class Activities 

 CW_3.1_The Standard Pendulum.pdf 
 CW_3.2_Pendulum Variations.pdf 
 CW_3.3_Revisiting One-and-One Situation 

o Area models as a tool for determining probabilities 
 CW_3.4_Choosing for Chores (p. 12) 
 CW_3.5_Playing with Probabilities (p. 9) 
 CW_3.6_Race for the Pennant (pp. 4-5) 
 CW_3.7_Possible Outcomes (p. 14) 
 CW_3.8_How Likely is "All Wins" 

Homework Activities (due Session 4) 

 HW_3.1_Baseball Probabilities (p. 13) 
 HW_3.2_Go for the Gold! (p. 16) 
 HW_3.3_Diagrams, Baseball, and Losing 'em All (p. 17) 
 HW_3.5_Putting Things Together (p. 77-78) 
 HW 3.6_Ring the Bells! (p. 79) 

 

Session 4 (4/26/18) 

Math Topics 

 Developing basic methods for calculating probabilities 
 Constructing area models and tree diagrams to calculate probabilities 
 Distinguishing between theoretical and experimental probabilities 
 Planning and carrying out simulations 
 Collecting and analyzing data 
 Understanding, calculating, and interpreting expected value 
 Applying the concept of expected value to real-world situations 
 Solving problems that involve conditional probability 
 Developing and applying principles for finding the probability for a sequence of events 
 Developing methods for the systematic listing of possibilities for complex problems 
 Developing the meaning of combinatorial and permutation coefficients in the context of 

real-world situations, and understanding the distinction between combinations and 
permutations 

Class Activities 

 Let’s Make a Deal (p. 19) 
 Simulate a Deal (p. 21) 
 Day-of-the Week Matches (p. 22) 
 And If You Don’t Win ‘em All (p.28) 
 But Don’t Lose ‘em All, Either  (p. 29) 
 The Good and the Bad (p. 30) 



 Top That Pizza! (p. 31) 

Homework Activities (due Session 5) 

 The Real Birthday Problem (p. 25) 
 Six for the Defense (p. 26) 
 Fair Spoons (p. 39) 
 Also, study for next week's test, which will cover the content we have done in the class so 

far 

Session 5 (5/3/18) 

Math Topics 

 Developing methods for the systematic listing of possibilities for complex problems 
 Developing the meaning of combinatorial and permutation coefficients in the context of 

real-world situations, and understanding the distinction between combinations and 
permutations 

 Developing principles for computing combinatorial and permutation coefficients 

Class Activities 

 Midterm Exam 
 Double Scoops, p. 32 
 Triple Scoops, p. 33 

Homework Activities (due Session 6) 

 More Cones for Johanna, p. 34 
 Determining Dunkalot's Druthers, p. 83 

Session 6 (5/10/18) 

Math Topics  

 Developing basic methods for calculating probabilities 
 Constructing area models and tree diagrams to calculate probabilities 
 Solving problems that involve conditional probability 
 Developing and applying principles for finding the probability for a sequence of events 
 Developing methods for the systematic listing of possibilities for complex problems 
 Developing the meaning of combinatorial and permutation coefficients in the context of 

real-world situations, and understanding the distinction between combinations and 
permutations 

 Developing principles for computing combinatorial and permutation coefficients 

Class Activities 



 Fair Spoons (reviewing problem) (p. 39) 
 Cones from Bowls, Bowls from Cones (pp. 35-36) 
 Bowls for Jonathan (p. 37) 
 At the Olympics (p. 38) 
 Formulas for nPr and nCr (p. 42) 
 Five for Seven (p. 45) 
 About Bias (p. 56) 

Homework Activities (due Session 7) 

 Who's on First? (pp. 43-44) 
 All or Nothing? (p. 50) 
 Don't Stand for It (p. 58) 
 Race for the Pennant! Revisited (p. 70) 

o You can download the shared spreadsheet that we created for determining the 
overall probabilities for the baseball unit problem and use it as a resource for 
solving the problem. 

o You need only to input the remaining probabilities in the chart (i.e., you don't 
have to show how you found the probabilities; the assumption will be that you 
found these probabilities "off on the side" using your calculator and, possibly, 
scratch work). 

o Be sure to use your chart to answer the "big question" for the unit--the probability 
that the Good Guys win the pennant; also report the probability that the two teams 
will be tied when the season ends. 

Session 7 (5/17/18) 

Math Topics  

 Developing basic methods for calculating probabilities 
 Developing and applying principles for finding the probability for a sequence of events 
 Developing methods for the systematic listing of possibilities for complex problems 
 Developing the meaning of combinatorial and permutation coefficients in the context of 

real-world situations, and understanding the distinction between combinations and 
permutations 

 Developing principles for computing combinatorial and permutation coefficients 
 Understanding and using Pascal's triangle 
 Developing and applying the binomial distribution 

Class Activities 

 The Perfect Group (p. 51) 
 Pascal's Triangle (p. 61) 
 Hi There! (p. 62) 
 Pascal and the Coefficients (pp. 63-64) 
 Binomials and Pascal--Part I (p. 66) 
 Binomials and Pascal--Part II (p. 67) 



 Race for the Pennant! Revisited [assigned for hw; discuss] 

Homework Activities 

  Graphing the Games (p. 71) 
o The assignment refers to making bar graphs; a slight modification in the 

directions is to create histograms (which are similar to, but distinguishable from 
bar graphs). 

o You can use your graphing calculator to create the histograms if you would like--
perhaps just take a photo of the screen when you are done and include those as 
part of your upload. You can alternatively use other technology to make the 
histograms (e.g., Excel) or you can also create the graphs by hand. 

 Binomial Probabilities (pp. 72-73)  
 Sleeping In (p. 84) 
 Patterns in Pascal's Triangle 

o Watch the video (linked below) on Pascal's triangle and write a few sentences (on 
notebook paper to be scanned and uploaded as part of your overall hw 
submission) on several things that you learned about Pascal's triangle by watching 
the video (i.e., things that you did not know before watching the video). 

o https://www.youtube.com/watch?v=XMriWTvPXHI 

 Defining Pascal (pp. 87-88) 
 The Whys of Binomial Expansion (p. 90) 

o This activity addresses the question that came up in class about why the 
combinatorial coefficients "show up" in the Binomial (Expansion) Theorem. 
Included below is a link to a video that might serve as a resource to help you with 
this assignment. 

o https://www.youtube.com/watch?v=xF_hJaXUNfE  

 The Binomial Theorem and Row Sums (p.  91) 
 Reflection on Teaching 

o Write 1-2 paragraphs (on notebook paper to be scanned and uploaded as part of 
your overall homework submission; you can choose to type the assignment if that 
would be easier, but you don't have to): How do you envision teaching probability 
and statistics in your classroom? Are there ideas / strategies from this course that 
you will adopt/adapt? What are some of your own ideas as to how you will 
approach things? This is not intended to be a major "philosophy of math 
education" paper, but rather, a chance for you to reflect upon and pull together 
some ideas related to your vision for teaching these branches of math. 
 

Session 8 (5/24/18) 

Math Topics  

 Developing basic methods for calculating probabilities 
 Developing and applying principles for finding the probability for a sequence of events 



 Developing methods for the systematic listing of possibilities for complex problems 
 Developing the meaning of combinatorial and permutation coefficients in the context of 

real-world situations, and understanding the distinction between combinations and 
permutations 

 Developing principles for computing combinatorial and permutation coefficients 
 Understanding and using Pascal's triangle 
 Developing and applying the binomial distribution 

Class Activities 

 Marist College "annoying word or phrase" poll 
 The Pollster's Dilemma (p. 4) 
 Sampling Seniors (pp. 8-9) 
 Bags of Marbles and Bowls of Ice Cream (pp. 11-12) 
 The Theory of Three-Person Polls (pp. 14-15) 
 The Theory of Polls (pp. 17-18) 

Homework Activities 

 Civics in Action (p. 19) 
 Gifts Aren’t Always Free (p. 29) 
 The Tack or the Coin (p. 75) 
 Generalizing Linear Interpolation (p. 78) 

Session 9 (5/31/18) 

Math Topics 

 Developing basic methods for calculating probabilities 
 Distinguishing between theoretical and experimental probabilities 
 Planning and carrying out simulations 
 Learning about normal distributions and their properties 
 Using normal distribution, mean, and standard deviation 
 Drawing inferences from statistical data 
 Designing, conducting, and interpreting statistical experiments 
 Using the binomial distribution to model a polling situation 
 Distinguishing between sampling with replacement and sampling without replacement 
 Understanding the central limit theorem as a statement about approximating a binomial 

distribution by a normal distribution 
 Using area estimates to understand and use a normal distribution table 
 Extending the concepts of mean and standard deviation from sets of data to probability 

distributions 
 Developing formulas for mean and standard deviation for binomial sampling situations 
 Using the normal approximation for binomial sampling to assess the significance of poll 

results 

Class Activities 



 The Central Limit Theorem 
o See references pages (pp. 21-24) 

 Graphing Distributions (pp. 27-28) 
 Normal Areas (p. 30) 
 The Normal Table (p. 31) 

Homework Activities 

 More Middletown Musings (p. 33) 
o Solve each problem in two ways: 

 Using the Normal Table on p. 32 (explanation for table on p. 31); briefly 
explain how you used the table to find the answer in each case 

 Using the normalcdf command on your TI-calcuator; the arguments for the 
command are as follows: normalcdf(lower bound, upper bound, 
[mean],[standard deviation])  

 A Normal Poll (p. 37) 
 A Distribution Example (pp. 42-43) 

o First read reference pages, Mean and Standard Deviation 
for Probability Distributions (pp. 40-41) 

 Summarize your understanding of the Central Limit Theorem 
o In a paragraph or bulleted list, explain YOUR understanding of the Central Limit 

Theorem. 
o Consult the following two resources--and perhaps some online reading of your 

own--before writing your summary: 
 The Central Limit reference pages (pp. 21-24) 
 New York Times resource: "As ‘Normal’ as Rabbits’ Weights and 

Dragons’ Wings" 
 http://www.nytimes.com/2013/09/24/science/as-normal-as-rabbits-

weights-and-dragons-wings.html?_r=0 (Links to an external site.) 
 Be sure to watch the video. 

 Teaching Reflection 
o View the video linked here and write a paragraph that summarizes some of your 

thoughts, questions, reactions to the video. 
o https://www.youtube.com/watch?v=GEmuEWjHr5c (Links to an external site.)  

 [OPTIONAL] Three-Person Races (pp. 76-77)  

 

Session 10 (6/7/18) 

Math Topics 

 Developing basic methods for calculating probabilities 
 Distinguishing between theoretical and experimental probabilities 
 Planning and carrying out simulations 
 Learning about normal distributions and their properties 
 Using normal distribution, mean, and standard deviation 



 Drawing inferences from statistical data 
 Designing, conducting, and interpreting statistical experiments 
 Using the binomial distribution to model a polling situation 
 Distinguishing between sampling with replacement and sampling without replacement 
 Understanding the central limit theorem as a statement about approximating a binomial 

distribution by a normal distribution 
 Using area estimates to understand and use a normal distribution table 
 Extending the concepts of mean and standard deviation from sets of data to probability 

distributions 
 Developing formulas for mean and standard deviation for binomial sampling situations 
 Using the normal approximation for binomial sampling to assess the significance of poll 

results 

Class Activities 

 The Search is On! (p. 44) 
 Putting Your Formulas to Work (p. 48) 
 Form Numbers to Proportions (p. 50) 
 Is Twice as Many Twice as Good? (p. 51) 
 Different p, Different sigma (p. 53) 
 The Worst-Case Scenario (p. 59) 
 Confidence and Sample Size (p. 62) 

Homework Activities 

 What Does It Mean? (p. 61) 
 Polling Puzzles (p. 63) 
 How Big? (p. 64) 
 Study for the final exam 

 

Final Exam 

Thursday, June 14, 6:00pm, Annenberg 317 


