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University of Massachusetts Dartmouth 
Department of STEM Education & Teacher Development 

 MTE 512 
 Mathematical Challenges 

 
Instructor: Beste Güçler, Ph.D.  
Office: LARTS 396(C) 
Phone: (508) 910-6952 
Email: bgucler@umassd.edu 
Class schedule: Mondays, 4:30–7 p.m. 
Office hours: Mondays 2-4 p.m. and also by appointment 
 
Course Description:  
Developing understanding of student mathematical learning and needs through the 
completion of mathematical challenges. Each week a new challenge will be set with hints 
offered at various times. Each challenge will not have a straightforward solution, and the 
class is expected to develop personal insights into the nature of their mathematical 
behavior and relate these reflections to practice. An email discussion list and website will 
facilitate continued inquiry and sharing of ideas outside of class. 
 
Course Objectives 
Students will: 

1. Develop conceptual understanding of cross-cutting concepts that are critical in the 
transition from middle school to high school mathematics  

2. Understand and use multiple representations (e.g., graphical, symbolic/algebraic, 
tabular, word problems) associated with various mathematical concepts 

3. Connect and reflect on mathematical concepts in coherent and consistent ways 
4. Develop and demonstrate habits of mathematical thinking such as reasoning, 

conjecturing, communicating, visualizing, analyzing, estimating, exploring, 
justifying, and asking “why?” 

5. Develop understanding about student thinking and the conceptual obstacles 
students face about fundamental concepts of mathematics  

6. Conceptualize the mathematical ideas in the course in relation to the Massachusetts 
Mathematics Curriculum Framework and existing literature in mathematics 
education research   

7. Develop high quality mathematical tasks and maintain the rigor of the tasks during 
classroom implementation  

8. Develop methods and instructional approaches to address student thinking and 
difficulties about various mathematical concepts 

 
Required Materials: 
There is no required textbook for the course. Any readings will be provided online. 
However, you may use the following recommended sources throughout the course: 
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Massachusetts Department of Education (2017). Massachusetts mathematics curriculum 
framework. [On-line]. Available: 
http://www.doe.mass.edu/frameworks/math/2017-06.pdf 

National Council of Teachers of Mathematics. (2014). Principles to actions: Ensuring 
mathematics success for all. Reston, VA: National Council of Teachers of 
Mathematics. 

National Council of Teachers of Mathematics (2000). Principles and standards for school 
mathematics. Reston, VA: NCTM. 

 
Course work expectation 

Credit hour definition: One credit hour is an amount of work represented in intended 
learning outcomes and verified by evidence of student achievement that is an 
institutionally established equivalency that reasonably approximates not less than:  
(1) One hour of classroom or direct faculty instruction and a minimum of two hours of out-
of-class student work each week for approximately fifteen weeks (includes exam week) for 
one semester or the equivalent amount of work over a different amount of time. 
(2) At least an equivalent amount of work as required in paragraph (1) of this definition for 
other academic activities as established by the institution, including laboratory work, 
internships, practica, studio work, and other academic work leading to the award of credit 
hours. 

Because this is a 3-credit class, 3 hours per week of in-class work and 6 hours per week 
of out-of-class work are required. 

Overview of types of in-class activities required for this course: Engaging in classroom 
discussions, working on classroom activities, individual and/or group work, reflecting on 
classroom readings and peers' comments, presenting your work. 

Overview of types of out-of-class activities required for this course: Reading papers 
about student thinking, writing weekly journal entries, generating and finding activities for 
the course project, generating a solution set for the activities, preparing a presentation, 
writing a course reflection.   

 
Course Assignments 
To demonstrate mastery of the course objectives, learners will be asked to engage in a 
variety of activities in and out of classroom. The major assignments for this course are: 
 

• Class participation and discussions (25%): It is important to have regular 
dialogue in the classroom to share your thoughts and learn from each other. Each 
lesson, we will work on mathematical activities. You will be expected to actively 
participate in the collective meaning-making process in the classroom throughout 
the course. In order to do so, it is crucial that you attend the classes regularly. 
Attendance for this course is required except for extreme circumstances (please 
notify me about those with documentation beforehand).  

• Weekly journal entries (25%): You will keep a weekly journal of your learning 
and teaching experiences with respect to this course. You are free to design your 
journal in any format you like. The journal should include a discussion of the new 
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ideas you learned or found interesting and the ideas that challenged you in the 
course in terms of (a) your own mathematical content knowledge, and (b) your 
knowledge of student thinking. The journal should also include your reflections on 
teaching mathematics content (e.g., given what you learned in the course, what can 
you say about your previous teaching experiences with respect to style of teaching, 
addressing the curriculum standards, addressing student difficulties, assessing 
student learning, etc.? Which practices would you like to keep and change in your 
teaching in the future?) You will submit your journals weekly and electronically to 
the allocated folder in the MyCourses webpage. The journal entries should be at 
least one single-spaced page using a 12-pt font. Please label your entries as Last 
name-MTE 512-Journal entry#. For example, if I would submit an entry for the third 
week, my document would be titled Gucler-MTE 512-Journal entry 3.  

• Course project (40%): In this project, you will generate a task inventory about a 
mathematical concept of your choice by developing or finding student-centered, 
conceptually rich tasks about that concept. The inventory should not include typical 
routine practice problems. The tasks should meet the criteria for high quality 
mathematical tasks that are discussed in the classroom. After developing the 
inventory, you will implement your activities in the classroom. During the 
implementation, you will discuss which conceptual challenges the activities target 
and how you plan on addressing them for a diverse group of students. Further 
details of the assignment will be provided later.   

• Course reflection (10%): For this assignment, you will only reflect on your subject 
matter knowledge after taking this course. You will reflect on the concepts of whole 
numbers, rational numbers and fractions, ratio/rate and change & variation, algebra 
concepts, and functions to specifically explain how the course helped you improve 
your knowledge about those concepts. If you choose to do so, you may use your 
weekly journal entries as resources for this reflection. This is the common 
assessment for all MAT-P mathematics content courses.  

 
Learning Outcomes 

Assignment Objective 
1 

Objective 
2 

Objective 
3 

Objective 
4 

Objective 
5 

Objective 
6 

Objective 
7 

Objective 
8 

Class 
participation, 
discussions 

x x x x x x  x 

Weekly 
journal 
entries 

x  x  x   x 

Course 
project  x x x x x x x x 
Course 
reflection   x   x   
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Course Outline 
Mathematical challenges addressed throughout the course:  

o problem-solving  
o modeling 
o student difficulties about various 

concepts  
o conceptual understanding  

o use of technology 
o mathematical communication  
o high cognitive demand tasks  
o multiple representations   

 
Week 1—January 25 
Whole numbers and the decimal system 
 
Week 2—February 1  
Properties of arithmetic  
 
Godino, J. D., Font, V., Wilhelmi, M. R., & Lurduy, O. (2011). Why is the learning of 

elementary arithmetic concepts difficult? Semiotic tools for understanding the 
nature of mathematical objects. Educational Studies in Mathematics, 77(2-3), 247-
265. 

Slavit, D. (1998). The role of operation sense in transitions from arithmetic to algebraic 
thought. Educational Studies in Mathematics, 37(3), 251-274. 

 
Week 3—February 8 
Rational numbers and fractions  
 
Week 4—February 16* 
Rational numbers and fractions   
 
Dixon, J. K., & Tobias, J. M. (2013). The whole story: Understanding fraction computation. 

Mathematics Teaching in the Middle School, 19(3), 156-163. 
Freeman, D. W., & Jorgensen, T. A. (2015). Moving beyond brownies and pizza. Teaching 

Children Mathematics, 21(7), 412-420. 
 
Week 5—February 22 
Ratio, rate, change & variation  
 
Week 6—March 1  
Ratio, rate, change & variation  
 
Berenson, S., Oldham, E., Price, E., & Leite, L. (2013). Investigating representations of ratio 

among prospective mathematics and science teachers: an international study. In 
Proceedings of the 37th ATEE Conference, ed. E. Agaoglu (pp. 78-92). 
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Carlson, M., Jacobs, S., Coe, E., Larsen, S., & Hsu, E. (2002). Applying covariational reasoning 
while modeling dynamic events: A framework and a study, Journal for Research in 
Mathematics Education, 352-378. 
 

Week 7—March 15*  
Algebra  
 
Week 8—March 22 
Algebra  
Kieran, C. (1981). Concepts associated with the equality symbol. Educational Studies in 

Mathematics, 12(3), 317-326. 
Pirie, S. E., & Martin, L. (1997). The equation, the whole equation and nothing but the 

equation! One approach to the teaching of linear equations. Educational Studies in 
Mathematics, 34(2), 159-181. 

 
Week 9 –March 29 
Algebra and introduction to functions  
 
Week 10—April 5  
Functions   
Carlson, M. P. (1998). A cross-sectional investigation of the function concept. In A. H. 

Schoenfeld, J. Kaput & E. Dubinsky (Eds.), Research in Collegiate Mathematics 
Education. III (pp. 114-162), CBMS Issues in Mathematics Education Vol. 7. 
Providence, Rhode Island: American Mathematical Society. 

Vinner, S., & Dreyfus, T. (1989). Images and definitions for the concept of function. Journal 
for Research in Mathematics Education, 356-366. 

 
Week 11—April 12 
Task inventory presentations 
 
Week 12—April 21* 
Task inventory presentations 
 
Week 13—April 26  
Task inventory presentations   
 
Guidelines & Policies  

- Absences and late work: Attendance is required for this course and absences, except 
for documented, extreme circumstances, will negatively affect your grade. If your 
assignments are late for a non-verified reason, you will not receive credit for that 
assignment. For unverified absences, you will be missing class participation points. 
If your work will be late for any reason, please consult with me in advance.  

- Plagiarism:  You are expected to abide by the Academic Integrity policy of UMass 
Dartmouth. It can be read in its entirety here:   
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https://www.umassd.edu/policies/active-policy-list/academic-affairs/academic-integrity-policy-
and-reporting-form/  
It includes discussion of the university’s policy on academic dishonesty, including 
plagiarism.  

- Incompletes:  The Department of STEM Education and Teacher Development 
follows UMass Dartmouth guidelines, which indicate that an Incomplete can only be 
given in exceptional circumstances. If you believe you have reason to receive an 
Incomplete, you must make such a request no more than 48 hours after the 
conclusion of the last class meeting of the semester. You must be passing the course 
for your request to be considered. If you are granted an Incomplete and you do not 
complete the work of the course within one year, the grade will become an F(I). 

- Syllabus Changes: This syllabus is a guide and every attempt is made to provide an 
accurate overview of the course. However, circumstances and events may make it 
necessary for the instructor to modify the syllabus during the semester. Such 
changes may be made to adjust the course for the progress, needs, and experiences 
of the students. Changes to the syllabus will be made with advance notice. 

- Communication: Consistent with UMass Dartmouth policies, you are responsible for 
sending all course-related e-mails through your UMass Dartmouth e-mail account. 
That address will be the primary means for communication throughout the course. 
In addition, certain course materials and instructions will be made available in the 
MyCourses website.   

- Academic Support: Please see Center for Access and Success regarding information 
about available academic support services, including services for learning and 
physically disabled students. 

 
Mission statement: 
The Department of STEM Education and Teacher Development is committed to the 
preparation of educators who have a sensitivity toward multicultural issues, an awareness 
of the particular concerns of urban education, knowledge of the unique needs and styles of 
individual learners, and a conscious knowledge of the role of schools in promoting social 
justice in the 21st Century. Our mission is to deliver clearly defined teacher preparation 
programs at the post baccalaureate and graduate levels.  In addition to a rigorous 
preparation in subject-matter fields, teacher candidates develop their ability to apply 
pedagogical theory to practice and reflect on the complexities inherent in their craft. 
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The Conceptual Framework of the 
Department of STEM Education & Teacher 
Development: 
The conceptual framework of the Department 
is based on developing Reflective 
Practitioners, through the development of: 
• Integrating & Applying Knowledge 
• Bridging Theory to Practice 
• Responding to Diversity  
• Democratizing Access for All 
• Practicing as a Professional 

We view teaching as a profession and see 
teachers as scholars and lifelong learners. 
 
 
 
 
Massachusetts Subject Matter Knowledge Requirements for Teachers met by MTE 
512 (MA Curriculum Framework for Mathematics (2017) alignment with respect to 
the content addressed in this course) 
 

Middle 
school 
standards  

o 6.RP (A1-A3); 7.RP (A1-A3) 
o 6.NS (A1; B2-B3; C5-C8); 7.NS (A1-A3); 8.NS (A1) 
o 6.EE (A1-A4; B5-B8; C9); 7.EE (A1-A2; B3-B4); 8.EE (A1-A2; B5-B6; 

C7-C8) 
o 6.G (A1); 7.G (B6); 8.G (B6-B8) 
o 8.F (A1-A3; B4-B5) 

High 
school 
standards  

o N-RN (B); N-Q (A1-A3) 
o A-SSE (A1-A2; B3); A-APR (A1; B2-B3; C4; D7); A-CED (A1-A4); A-REI 

(A1-A2; B3-B4; C6-C7; D10-D12) 
o F-IF (A1-A3; B4-B6; C7-C10); F-BF (A1-A2); F-LE (A2; B5) 
o G-MG (A1; A4) 

 
 
Massachusetts Professional Standards for Teachers met by MTE 512  
 (1) Curriculum, Planning, and Assessment standard: Promotes the learning and growth 
of all students by providing high quality and coherent instruction, designing and 
administering authentic and meaningful student assessments, analyzing student 
performance and growth data, using this data to improve instruction, providing students 
with constructive feedback on an on-going basis, and continuously refining learning 
objectives.  
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(a) Curriculum and Planning indicator: Knows the subject matter well, has a good 
grasp of child development and how students learn, and designs effective and 
rigorous standards-based units of instruction consisting of well-structured lessons 
with measurable outcomes.  

SEI Indicator (a) Uses instructional planning, materials, and student engagement 
approaches that support students of diverse cultural and linguistic backgrounds, 
strengths, and challenges. 

 (2) Teaching All Students standard: Promotes the learning and growth of all students 
through instructional practices that establish high expectations, create a safe and effective 
classroom environment, and demonstrate cultural proficiency.  

(a) Instruction indicator: Uses instructional practices that reflect high expectations 
regarding content and quality of effort and work, engage all students, and are 
personalized to accommodate diverse learning styles, needs, interests, and levels of 
readiness.  

(b) Learning Environment indicator: Creates and maintains a safe and collaborative 
learning environment that values diversity and motivates students to take academic 
risks, challenge themselves, and claim ownership of their learning.  

(d) Expectations indicator: Plans and implements lessons that set clear and high 
expectations and make knowledge accessible for all students.  

(f) Classroom Management Indicator: Employs a variety of classroom management 
strategies and establishes and maintains effective routines and procedures that 
promote positive student behavior.  

SEI Indicator (b) Uses effective strategies and techniques for making content 
accessible to English language learners.  

SEI Indicator (d) Creates and maintains a safe and collaborative learning 
environment that values diversity and motivates students to meet high standards of 
conduct, effort and performance.  

(4) Professional Culture standard: Promotes the learning and growth of all students 
through ethical, culturally proficient, skilled, and collaborative practice.  

(c) Collaboration indicator: Collaborates effectively with colleagues on a wide range 
of tasks. 

(f) Professional Responsibilities indicator: Is ethical and reliable, and meets routine 
responsibilities consistently. 
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