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Principles to Actions-
Ensuring Mathematical Success for All
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NCDPI Math Section 

Welcome 
“Who’s in the Room?” 

Beliefs about Teaching and Learning 

 Students Teachers Family 
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Sort the Beliefs 
 

Unproductive 
Beliefs 

 

Principles to Actions  pg. 11 

 

  Principles to Action – pg. 11 

Beliefs About Teaching and Learning 
Mathematics 

Principles to Actions  pg. 10-11 

Beliefs About Teaching and  
Learning Mathematics 

“Students’ 
beliefs 

influence their 
perception of 
what it means 

to learn 
mathematics 
and how they 

feel toward the 
subject.” 

Examine the comic strip. 
What do you see?  

“Teachers’ 
beliefs 

influence the 
decisions they 
make about 

the manner in 
which they 

teach 
mathematics.” 
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Teaching and 
Learning 

Access and Equity 

Curriculum 

Tools and Technology 

Assessment 

Professionalism 

Guiding 
Principles  
for  
School  
Mathematics 

Mathematics Teaching Practices 

1.  Establish mathematics goals to focus learning 
2.  Implement tasks that promote reasoning and problem 

solving 
3.  Use and connect mathematical representations 
4.  Facilitate meaningful mathematical discourse 
5.  Pose purposeful questions 
6.  Build procedural fluency from conceptual 

understanding 
7.  Support productive struggle in learning mathematics 
8.  Elicit and use evidence of student thinking 

Mathematics Teaching Practices 

1.  Establish mathematics goals to focus learning. 
2.  Implement tasks that promote reasoning and problem 

solving. 
3.  Use and connect mathematical representations. 
4.  Facilitate meaningful mathematical discourse. 
5.  Pose purposeful questions. 
6.  Build procedural fluency from conceptual 

understanding. 
7.  Support productive struggle in learning mathematics. 
8.  Elicit and use evidence of student thinking. 



10/29/15 

4 

What do you notice? 

What might be the math learning goals? Math Goals 

What representations might students use in 
reasoning through and solving the problem? 

Tasks & 
Representations 

How might we question students and structure 
class discourse to advance student learning? 

Discourse & 
Questions 

How might we develop student understanding 
to build toward aspects of procedural fluency? 

Fluency from 
Understanding 

How might we check in on student thinking 
and struggles and use it to inform instruction? 

Struggle & 
Evidence 

The Calling Plans Task 

Long-distance Company A charges a base 
rate of $5.00 per month plus 4 cents for 
each minute that you are on the phone. 
Long-distance Company B charges a base 
rate of only $2.00 per month but charges 
you 10 cents for every minute used.  
 
How much time per month would you have 
to talk on the phone before subscribing to 
company A would save you money?  
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How Did You Solve the Problem? 
•  Chat with your neighbors 

about how you solved the 
task. 

•  Compare strategies and 
representations. 

•  What are some possible 
misconceptions that 
students may encounter? 

A Solution… Minutes	 Company A	 Company B	

0	 $5.00	 $2.00	

1	 $5.04	 $2.10	

2	 $5.08	 $2.20	

3	 $5.12	 $2.30	

4	 $5.16	 $2.40	

5	 $5.20	 $2.50	

10	 $5.40	 $3.00	

20	 $5.80	 $4.00	

30	 $6.20	 $5.00	

40	 $6.60	 $6.00	

50	 $7.00	 $7.00	

60	 $7.40	 $8.00	

Plan	A	is	
better	when	
you	use	more	
than	50	
minutes	
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Linear (Company A) 

Linear (Company B) 

Another Solution… 

(50,	7)	
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And another solution… 
Company	A:	Cost	=	5	+	.	04m	
Company	B:	Cost	=	2	+	.	10m	
												5	+	.04m	=	2	+	.10m	
																										5	=	2	+	.06m	
																										3	=	.06m	
																									m	=	50	
 
Company	A:	Cost	=	5	+	.04(51)	=	$7.04	
Company	B:	Cost	=	2	+	.10(51)	=	$7.10	

At	50	minutes,	both	
plans	cost	$7.00.	
You	would	have	to	
talk	51	minutes	per	
month	or	more	for	
Plan	A	to	be	a	
better	value.	

What representations might students use in 
reasoning through and solving the problem? 

Tasks & 
Representations 

Different Representations should: 

•  Be introduced, discussed, and connected. 

•  Be used to focus students’ attention on the 
structure of mathematical ideas by examining 
essential features.  

•  Support students’ ability to justify and explain their 
reasoning. 

 

Lesh, Post, & Behr, 1987; Marshall, Superfine, & Canty, 2010;  
Tripathi, 2008; Webb, Boswinkel, & Dekker, 2008 

Use and connect 
mathematical 
representations. 

Math 
Teaching 
Practice 

3 

Use and connect mathematical 
representations. 
Because of the abstract nature of 
mathematics, people have access to 
mathematical ideas only through the 
representations of those ideas.  
 
(National Research Council, 2001, p. 94)  
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Use and connect mathematical 
representations.  

Illustrate, show, or work with 
mathematical ideas using diagrams, 
pictures, number lines, graphs, and 
other math drawings. 

Record or work with mathematical 
ideas using numerals, variables, 
tables, and other symbols. 

Use language to interpret, 
discuss, define, or describe 
mathematical ideas, bridging 
informal and formal 
mathematical language. 

Situate mathematical ideas in 
everyday, real-world, 
imaginary, or mathematical 
situations and contexts. 

Use concrete objects to 
show, study, act upon, or 
manipulate mathematical 
ideas (e.g., cubes, counters, 
tiles, paper strips). 

Contextual 

Physical 

Visual 

Symbolic 

Verbal 

Principles to Actions (NCTM, 2014, p. 25) 
(Adapted from Lesh, Post, & Behr, 1987) 

Important Mathematical Connections between and 
within different types of representations 

Company	A:	Cost	=	5	+	.	04m	
Company	B:	Cost	=	2	+	.	10m	
												5	+	.04m	=	2	+	.10m	
																										5	=	2	+	.06m	
																										3	=	.06m	
																									m	=	50	
 
Company	A:	Cost	=	5	+	.04(51)	=	$7.04	
Company	B:	Cost	=	2	+	.10(51)	=	$7.10	

How are these solutions connected? 

Minutes	 Company 
A	

Company 
B	

0	 5.00 2.00	

1	 5.04	 2.10	

2	 5.08	 2.20	

3	 5.12	 2.30	

4	 5.16	 2.40	

5	 5.20	 2.50	

10	 5.40	 3.00	

20	 5.80	 4.00	

30	 6.20	 5.00	

40	 6.60	 6.00	

50	 7.00	 7.00	

60	 7.40	 8.00	
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Recommendations for 
Implementation 

•  Select visual representations that are appropriate for students 
and the problems they are solving (Woodward et al., 2012). 

•  Teach students that different algebraic representations can 
convey different information about an algebra problem (Star et al., 
2015). 

•  Make explicit connections between representations.  
•  Strengthen students’ representational competence by:  

1.  Encouraging purposeful selection of representations. 
2.  Engaging in dialogue about explicit connections among 

representations. 
3.  Alternating the direction of the directions made among 

representations. 
(NCTM, 2014) 

Traffic Jam 

Traffic Jam 

The problem: 
 

OR 
 
 
Turn and talk: What representations did you 
come up with? 
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Traffic Jam Task Models 

How might we develop student understanding 
to build toward aspects of procedural fluency? 

Fluency from 
Understanding 

Procedural Fluency should: 
•  Build on a foundation of conceptual 

understanding.  
•  Over time (months, years), result in known 

facts and generalized methods for solving 
problems.  

•  Enable students to flexibly choose among 
methods to solve contextual and 
mathematical problems. 

How can the Traffic Jam task be 
used to develop a foundation of 
conceptual understanding for 
building toward procedural fluency? 
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A procedural model built from 
conceptual understanding... 

How does this model build from the diagrams 
and models presented in this task? 
 

Build procedural fluency from 
conceptual understanding. 

Math 
Teachin

g 
Practic

e 
6 

Build procedural fluency from 
conceptual understanding. 

 
A rush to fluency undermines students’ 
confidence and interest in mathematics 
and is considered a cause of mathematics 
anxiety.  
 
(Ashcraft 2002; Ramirez Gunderson, Levine, & Beilock, 2013) 
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Compression of Concepts 

Boaler, What’s Math Got To Do With It?, 2015 

Principles to Actions (NCTM, 2014, p. 42) 

“Fluency builds from initial 
exploration and discussion of 
number concepts to using informal 
reasoning strategies based on 
meanings and properties of the 
operations to the eventual use of 
general methods as tools in solving 
problems.”  

How might we check in on student thinking 
and struggles and use it to inform instruction? 

Struggle & 
Evidence 

Productive Struggle should: 

•  Be considered essential to learning mathematics 
with understanding. 

•  Develop students’ capacity to persevere in the 
face of challenge. 

•  Help students realize that they are capable of 
doing well in mathematics with effort. 

Black, Trzesniewski, & Dweck, 2007; Dweck, 2008;  
Hiebert & Grouws, 2007; Kapur, 2010; Warshauer, 2011 
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Support productive struggle  
in learning mathematics. 

Math 
Teachin

g 
Practic

e 
7 

Support productive struggle in 
learning mathematics. 
The struggle we have in mind comes from 
solving problems that are within reach and 
grappling with key mathematical ideas that 
are comprehendible but not yet well formed. 
 
(Hiebert, Carpenter, Fennema, Fuson, Human, Murray, Olivier, & Wearne, 
1996)  

Supporting Productive Struggle 

•  Recall the Calling Plans Task. The teacher 
first asks the students to read the problem 
and begin working independently on the 
task before they start working with their 
table partners. The teacher notices that a 
student is just staring at the paper and 
can’t seem to get started on the problem. 

Teacher A 
Teacher A notices a  student 
struggling and tells the student to 
construct a t-chart for Company A 
with columns labeled for the minutes 
and costs of the plan. She then 
gives the student Company A’s 
equation and tells the student to 
create a table for minutes and costs 
and to do the same thing for 
Company B to see when they are 
the same. 
 
 

Minutes Company 
A 

0 5.00 

1 5.04 

2 5.08 

3 5.12 

4 5.16 
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Teacher B 
Teacher B notices a  student 
struggling and asks the student 
to look at the problem and 
highlight what they know from the 
problem. He then encourages the 
student to find a way to identify 
what information he knows from 
the problem in a way that makes 
sense to them. He tells the 
student that he is going to assist 
another student and return 
shortly to see what the student 
came up with. 
 
 

Long-distance Company A 

charges a base rate of $5.00 

per month plus 4 cents for 

each minute that you are on 

the phone. Long-distance 

Company B charges a base 

rate of only $2.00 per month 

but charges you 10 cents for 

every minute used.  Company A - $5.00 - 4¢ a 

minute 
Company B - $2.00 and 10¢ 

a minute  

How do these  
approaches differ?  

 
What have  

students learned? 

•  Teacher A wants students to be 
successful in answering, and begins to 
direct the work. 

•  Teacher B resists the temptation to 
step in, but instead supports students 
in considering what they know and 
what they need to figure out. 

•  Students in these classrooms have 
very different opportunities to learn. 
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“Teachers greatly influence how 
students perceive and approach 
struggle in the mathematics 
classroom. Even young students can 
learn to value struggle as an 
expected and natural part of 
learning.”  

Principles to Actions  pg. 50 

Fixed vs. Growth Mindset 
•  Fixed: those who believe intelligence is an 

innate trait; believe that learning should 
come naturally 

•  Growth: those who believe intelligence can 
be developed through effort; likely to 
persevere through struggle because they 
see challenging work as an opportunity to 
learn and grow 

Principles to Actions  pg. 50 

What is the central message about 
productive struggle and student learning? 
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What might be the math learning goals? Math Goals 

What representations might students use in 
reasoning through and solving the problem? 

Tasks & 
Representations 

How might we question students and structure 
class discourse to advance student learning? 

Discourse & 
Questions 

How might we develop student understanding 
to build toward aspects of procedural fluency? 

Fluency from 
Understanding 

How might we check in on student thinking 
and struggles and use it to inform instruction? 

Struggle & 
Evidence 

DPI Secondary Math Updates 

Focus for 2015-16 
 

• Updating the Unpacking Documents for 6-8 
Math 

• Standards review process 
• Aligning Instructional Resources to 

Standards documents 
• Coherence through secondary mathematics 

DPI Secondary Math Updates 
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www.ncdpi.wikispaces.net  

Page Organization 

• DPI Specific Information and 
Resources 

• Web Resources  
• Descriptions of the resource with 

links and other information 

Standards… 

•  Standards Documents by grade level (6-8) 
and course (Math I, II and III) 

•  Unpacking Documents 
•  Major Work of the Grade 
•  Mathematics Progression Documents 
•  Resources for Standards for Mathematical 

Practice 
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Secondary Improved Unpacking 
Docs & Clarification Documents 

•  New	examples	and	
illustra0ons	for	EVERY	
standard.	

•  Alignment	of	standards	to	
web-based	instruc0onal	
resources.	

•  Clarifica0on	on	depth	of	
standards	that	are	present	in	
mul0ple	courses.	

•  Clarifying	notes	for	select	
standards.	

Instructional Resources… 

•  Lessons for Learning (6-8) 
•  Resources for NCFE 4th Level 

Courses (9-12) 
•  Additional resources (6-12) 

– Math Stars, Superstars, etc. 
– MMSI, MSP, etc. 

•  Web-based resources (6-12) 

Secondary Mathematics Resources 

New Indicator 
Documents for 4th 
Level NCFE Courses 
• Vocabulary	with	Key	
Skills/Concepts	

• Example	ques0ons	and	
illustra0ons	

• Organized	by	objec0ve	
• VeKed	by	teachers,	DPI	
staff	and	tes0ng.	
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Secondary Math Resources 
Tasks 

•  Illustrative Mathematics - University of Arizona 
•  Mathematics Assessment Project - University of 

California, Berkeley, with support from the Bill & 
Melinda Gates Foundation. 

•  Illuminations – National Council for the Teachers of 
Mathematics 

 
Lesson and Unit Plans 

•  engageny – The state of New York 
•  LearnZillion – Cloud-based curriculum 
•  Achieve the Core – founded by lead writers of the CC 

 

Assessment… 

•  Links to NCDPI Testing site for EOGs and 
EOCs 

•  Testing specifications 
•  Gridded response instructions and practice 
•  Web resources for assessment 

Parents and Community… 
•  NCTM Family Corner 
•  National PTA Parents’ 

Guide to Student 
Success 

•  Parent Roadmaps 
from the Council of 
Great Schools 

•  Video vignettes from 
the Hunt Institute in 
partnership with Nat’l 
PTA 
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Communication… 
•  Communication tools and resources  

o NCDPI Announcements Page 
o Grade band listserv 

￫ Special announcements 
￫ Monthly updates 
￫ Newsletter NEW 

o Social Media: Facebook and Twitter 
 

New Digital Newsletter 

•  New Quarterly Newsletter 
available in digital and pdf 
form that includes: 
–  A section which focuses on 

an instructional practice. 
–  Professional Development 
–  Updates to resources 
–  News & announcements 

2015 PAEMST Secondary Math State Finalists 

 
 
 
 
 

  
         

https://www.paemst.org/  PAEMST Mathematics State Coordinator: Kitty Rutherford Kitty.Rutherford@dpi.nc.gov 

Lauren Baucom 
Forest Hills High 

School 

Sara Vaughn 
Northwest Middle 

School 

Maureen Fitzsimmons 
Mooresville Middle 

School 
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Join Our Listserv 
1.  Send an email to the Listserv to the following address 

within your email application: 
       join-msmathdpi@lists.dpi.state.nc.us [MS requests] 
       join-hsmathdpi@lists.dpi.state.nc.us [HS requests] 
2.  Leave the subject line and the body of the message blank. 
3.  Once successfully subscribed, a confirmation email will be 

sent. 
 

Follow Us! 
NC Mathematics 
www.facebook.com/NorthCarolinaMathematics 
 

@ncmathematics 

http://maccss.ncdpi.wikispaces.net 
 

    DPI Mathematics Section 

Kitty Rutherford 
Elementary Mathematics Consultant 
919-807-3841 
kitty.rutherford@dpi.nc.gov  

Denise Schulz 
Elementary Mathematics Consultant 
919-807-3842 
denise.schulz@dpi.nc.gov 

Lisa Ashe 
Secondary Mathematics Consultant 
919-807-3909 
lisa.ashe@dpi.nc.gov 

Joseph Reaper 
Secondary Mathematics Consultant 
919-807-3691 
joseph.reaper@dpi.nc.gov  

Dr. Jennifer Curtis 
K – 12 Mathematics Section Chief 
919-807-3838 
jennifer.curtis@dpi.nc.gov 

Susan Hart 
Mathematics Program Assistant 
919-807-3846 
susan.hart@dpi.nc.gov 
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For all you do for our students! 


