
MAT 409: Topics in Algebra and Combinatorics for K-8 Teachers 
Section 01 

Summer Session 2016 
Catalog Description 

Algebra and counting topics related to elementary, middle school, or junior high curriculum. 
Prerequisite: Admission into a graduate mathematics or mathematics education program or consent of 
instructor. 

Course Perspective 
Interest in computer science and the use of computer applications, together with connections to many real-
world problems, have helped make topics of discrete mathematics more commonplace in school and college 
curricula. A topic of widespread application and interest is combinatorics, the study of counting techniques. 

Enumeration, or counting, may strike one as an obvious process that a student learns when first 
studying arithmetic. But then, it seems, very little attention is paid to further developments in 
counting as the student turns to "more difficult" areas in mathematics, such as algebra, geometry, 
trigonometry, and calculus. . . . Enumeration [however] does not end with arithmetic. It also has 
applications in such areas as coding theory, probability, and statistics (in mathematics) and in the 
analysis of algorithms (in computer science). [Ralph P. Grimaldi, in Discrete and Combinatorial 
Mathematics, 1994, p. 3] 

Combinatorial Analysis is an area of mathematics concerned with solving problems for which the 
number of possibilities is finite (though possibly quite large). These problems may be broken into 
three main categories: determining existence, counting, and optimization. Sometimes it is not clear 
whether a problem has a solution or not. This is a question of existence. In other cases solutions are 
known to exist, but we want to know how many there are. This is a counting problem. Or a solution 
may be desired that is "best" in some sense. This is an optimization problem. [John A. Dossey, Albert 
D. Otto, Lawrence E. Spence, & Charles Vanden Eynden, in Discrete Mathematics, 1987, p. 1] 

Supporters of reform in school mathematics education suggest the need for increased attention to topics in 
discrete mathematics as well as in probability and statistics. The topic of combinatorics—counting—is 
mentioned in the National Council of Teachers of Mathematics' Curriculum and Evaluation Standards for 
School Mathematics (1989) and in Principles and Standards for School Mathematics (2000). The 
Mathematical Association of America's recommendations for teacher preparation identify combinatorics as a 
topic area worthy of study by middle school and high school teachers. The Common Core State Standards 
for Mathematics emphasizes discrete mathematics, probability, and statistics as well. 
 
In this course we will study and apply combinatorial techniques in a variety of settings. In doing so, we will 
make connections to algebra, probability, geometry, number theory, and other topics in mathematics. During 
the course, we may also study the process of proof by induction, the use of recursion, the generation of 
polynomials, and strategies for exploring probability calculations. 
 
Meeting Places and Times 
 Section 01: STV 132, MTWR 11 am - 1:50 pm, June 13, 2016, through July 7, 2016 
Instructor and Contact Information 
 Dr. Roger Day   day@ilstu.edu 
 STV 301J  309-438-3055 (office) 
 Course Web Site: math.illinoisstate.edu/day/courses/current/409/www.html 
Office Hours 

See me before, during, and after class, M-R. 
 



MAT 409:  Topics in Algebra & Combinatorics  Page 2 
 
Required Textbooks and Materials 

The course text is Explorations in Combinatorial Reasoning by Roger Day, available from 
PIP Printing in the Bone Student Center (Course Packet #4). 
 

Technology 
You will find a basic 4-function calculator useful throughout the course, but there are no other required 
technologies. We may make use of Excel (electronic spreadsheet) and Fathom (dynamic data software) for 
demonstrations. Feel free to bring a laptop, tablet, SmartPhone, or similar device, for appropriate classroom 
use. 
 
COMMUNICATING MATHEMATICS 
Communication is an important theme for every mathematics student, particularly those who are teachers. 
The ability to write and explain clearly is crucial to success in your work place. There are many 
opportunities to continue developing communication skills in this course. Please read the Departmental 
Guidelines for Writing Mathematics. The Guidelines provide justification for the importance of writing in 
mathematics. For example, success in your chosen profession—and the professions and livelihoods of those 
you teach—is often based as much on how well you communicate as on what you know. Unlike most of the 
presentations that you complete in college, in which you are communicating with professors, in your 
workplace and community, you will often be faced with a much more difficult task — communicating with 
non-experts. In such situations, it is not enough to say, "Well, you know what I mean." The process of 
writing will also help you discover what you don't know. This is invaluable information. 
Finally, the Guidelines provide both directions and examples for appropriate mathematical writing and will 
be used to help evaluate your work. Consider the following questions as your write mathematics: 
• How well have you followed directions? 
• Is your work coherent and well organized? 
• Can another student read your work and learn from it? 
• Did you use proper grammar, terminology, and symbols? 
• As you submit material, is it obvious that you refined the final product? Have you removed the redundant 

material and included sufficient detail? 
Opportunities to communicate orally will occur as you work in groups, explain problems to others, solve 
group problems, ask questions, respond to questions, and help your peers understand the content and 
processes of the course. Opportunities to communicate in writing will occur as you prepare homework, 
complete projects, and complete exams and quizzes. 
 
COURSE OBJECTIVES 
An overarching goal of the course is to develop logical reasoning skills within a problem-solving framework. 
This includes the development of a disciplined logical analysis of contextual and narrative problem 
situations. This sort of reasoning is the foundation for building mathematical models of problems – models 
implicit in counting expressions built of sums and products, in generating function models, in recurrence 
relation models, and other types of models. A good way to learn this logical thinking is by solving lots of 
problems. Students will certainly use this reasoning often—consciously or not—in mathematics, computer 
science, operations research, and related fields. However, the capacity to reason logically and approach 
problems from a systematic and organized perspective will serve anyone in any field!  

A more specific content-focused goal of the course is to introduce you to the basic concepts and tools of 
enumeration, including counting methods such as combinations and permutations, generating functions, 
recurrence relations, the inclusion-exclusion principle, and proof by induction. Recurrence relations develop 
recursive reasoning, the inclusion-exclusion principle is a grand exercise in applied set theory, and proof 
using induction is a classic method of formal reasoning and justification. Finally, it is our goal to achieve 



MAT 409:  Topics in Algebra & Combinatorics  Page 3 
 
these learning objectives in an appealing manner, using real-world problems and contexts. 

COURSE REQUIREMENTS 
Tests and Examinations: I plan to administer four tests, including a semester exam, during our time 
together. Most tests will require less than an entire class period to complete and each test will be cumulative. 
The semester examination will likely require the entire last class period to complete and will be cumulative 
and comprehensive. 
 
Quizzes, Projects, and Assignments: There will be quizzes administered throughout the semester. There 
will be take-home assignments that each require a careful and complete write-up of your solution responses. 
There may be one or more projects or other out-of-class assignments as well. Some quizzes, projects, or 
assignments may be completed in groups. Plan to spend 3 hours or more outside of class on work related to 
the class for each class period you complete. 
 
Homework: There are problems for completion in our textbook and I may supplement those with other 
exercises and problems. 
 
Class Participation: Your involvement in class activities, discussions, and homework presentations is 
critical not only for your own learning but also for the learning of others. I expect you to be prepared for 
class every session, including being current or ahead on readings and assignments. I expect you to attend 
every class session and to be a collaborative participant in the work of the class. This will include being 
called on to present your solution to a problem or to explain and discuss a concept or process. I expect you to 
respect the ideas and thinking of others by listening to explanations and by asking appropriate questions. 
Accordingly, because much learning occurs in class and cannot be effectively transmitted through notes, 
5% of your grade will be determined by attending class, by being prepared to share and discuss ideas, and 
by participating fully in class activities. Class participation may be assessed through self-evaluation, peer 
evaluation (from group-work settings), and teacher evaluation. Forms to assist this evaluation may be 
distributed periodically during the course. 
 
GRADING SUMMARY: Approximate Weightings 

 Tests (Thursdays: 6/16, 6/23, 6/30) 30% 
 Quizzes & Projects 15% 
 Homework Tasks 25% 
 Semester Examination (Thursday 7/7) 25% 
 Class Participation 5% 

Semester grades are based on these requirements.  Your semester grade will be determined 
by a scale no more severe than: A: [92,100]; B: [84, 92); C: [76, 84); D: [65, 76); F: [0, 65). 
 

IMPORTANT DATES 
 13 June     First class session 
 4 July (Monday)   Independence Day Holiday (University Closed) 

7 July     Last class session; semester exam 
 
CLASS POLICIES 
• Your active involvement – individually, in small groups, and with the entire class – is an important way 

for you to help meet the course objectives and be successful.  For you to be involved, you must be 
present.  If you are now aware of attendance conflicts or should you become aware of such conflicts, 
please let me know of them as soon as possible. 
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• I expect that all students will engage in class discussions and pay attention to all contributions from the 

instructors and other students. Likewise, I expect that no student will generate potential distractions 
such as using e-mail, cell phones, text messaging, web surfing, off-topic conversation, or other 
inappropriate activity. The primary goal of the course is to help each student learn the content to the best 
of his or her ability. Any activity that does not support that goal is inappropriate for class time and I will 
ask you to stop. 

• The deadlines, due dates, and test dates described in writing or given verbally are fixed. Plan ahead to 
complete the required tasks on time. There is no credit for make-up work unless negotiated on an 
individual basis only under unique situations. Make-up tests are allowed only under emergency 
conditions for which appropriate documentation is provided and plans for make up have been mutually 
agreed upon. 

• You are expected to maintain high standards of academic integrity, including the honest 
representation of original work. Individual assignments, quizzes, and exams, must be completed 
independently. A single student’s name on any submission will be considered a pledge that the work is 
solely that of the student. Collaborative work must identify all contributors. By signing off on a 
collaborative assignment, you are indicating that work was completed with a fair distribution of time, 
effort, and input from all members of the group. Students must cite all references that have influenced 
their thinking and use quotations appropriately when excerpting the work of others. When using outside 
resources, you must be fully and accurately cite those sources. More information about academic 
integrity can be found in the Code of Student Conduct available at 
deanofstudents.illinoisstate.edu/students/get-help/crr/academic-dishonesty.shtml. 

• Unless announced otherwise, there is no extra credit as a substitute for successful completion of the 
required components of the course. 

 
Some Helpful Advice: If you have any problems or questions, please seek extra help from me, your 
classmates, mathematics tutors, and others. Do not make assumptions about policies or assignments that 
seem unclear. Please ask! The old adage applies here: The more you put into the class, the more you will get 
out of it. 
 
Any student needing to arrange a reasonable accommodation for a documented disability should 
contact Disability Concerns at 350 Fell Hall, 438-5853 (voice), 438-8620 (TDD), 
disabilityconcerns.illinoisstate.edu. 
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SYLLABUS SIGNATURE FORM 
(Student copy) 

 
 
 
I, __________________________________, have read the MAT 409 Section 01 syllabus and understand the 
course expectations required of me. I agree to follow those policies, meet expectations, and accept the 
consequences of my decisions and actions.  
 
I have noted all dates listed on the syllabus and I understand that I am responsible for assignments, test and 
quiz dates, and other deadlines announced in class, even if I am not in attendance. I understand that it is my 
responsibility to monitor my own learning and seek help, in a timely fashion, when needed. Further, it is my 
responsibility to fulfill all course requirements. 
 
 
 
___________________________________ _______________  
Student Signature Date  
 
 
 

Cut along this line and bring bottom copy, signed, to our next class. 
   
 

SYLLABUS SIGNATURE FORM 
(Instructor copy) 

 
 
 
I, __________________________________, have read the MAT 409 Section 01 syllabus and understand the 
course expectations required of me. I agree to follow those policies, meet expectations, and accept the 
consequences of my decisions and actions.  
 
I have noted all dates listed on the syllabus and I understand that I am responsible for assignments, test and 
quiz dates, and other deadlines announced in class, even if I am not in attendance. I understand that it is my 
responsibility to monitor my own learning and seek help, in a timely fashion, when needed. Further, it is my 
responsibility to fulfill all course requirements. 
 
 
 
___________________________________ _______________  
Student Signature Date  
 


