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A short pre‐test 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1. Which are myths? Which are true? 
Mark M (myth) or T (true). 

a.  The number of mathema?cs courses that a teacher has taken is 
a good predictor of how effec?ve he or she will be. 

b.  Most high‐performing countries use math specialist teachers in 
the upper primary grades. 

c.  Crea?ng professional learning communi?es is at the heart of 
effec?ve professional development. 

d.  Individual teachers can have a significant impact on students’ 
learning. 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2.  Do you YOU know math  
well enough to teach third grade?  

  Write four dis3nctly 
different word problems that 
correspond to this division 
expression, represen?ng 
different interpreta?ons of 
the meaning of division, and 
with different possible 
numerical answers, 
depending on the context. 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3.  Which is most likely to improve 
mathema3cs learning? 

Choose the best single answer. 
a.  Install a more challenging mathema?cs curriculum. 
b.  Increase instruc?onal ?me spent on mathema?cs and reduce 

class size. 

c.  Coordinate professional educa?on, curriculum, assessment, and 
policy signals. 

d.  Recruit more mathema?cally‐trained people to be teachers. 
e.  Lower the barriers for entry to teaching. 

f.  Pay teachers more to raise performance. 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The urgency of framing and 
understanding the problem 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What is “the problem”? 
1.  Too many students not learning mathema?cs well 

enough 
–  For ci?zenship, con?nued mathema?cs study, global compe??veness 
–  Social acceptance of not being good at math 

2.  Pervasive inequality   
–  Unequal distribu?on of mathema?cal success by race, social class 

3.  Weak capacity for improvement 
–  Public understanding, support, investment 
–  Teacher shortages, weak interven?ons, thin professional knowledge base 
–  Teacher educator development and resources 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How do U.S. youth perform? 
•  In 2005, 69% of 8th graders scored 

above “basic” level on Na?onal 
Assessment of Educa?onal Progress 
(NAEP) math 

•  Significant differences by race:  42% 
of African American, 52% of La?no, 
and 80% of White 8th graders score at 
this level 

•  And by income level:  51% of low 
income students scored above 
“basic”; 79% of others 

•  Similar results in reading. 

•  U.S. 15‐year‐olds were 
outperformed in math 
by students in 23 of 38 
other countries  

•  They were 
outperformed in 
science by students in 
18 of 38 countries 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Another look 
Nine year‐olds growing up in low‐income 
communi?es–– 

• are on average three grade levels behind their 
peers in high‐income communi?es. 

• have a 50% chance of gradua?ng from high 
school. 

• who graduate from high school read and do 
basic math at an 8th grade level. 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U.S. school‐age popula3on: 
Changing demographics 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LANGUAGE MINORITY: Percentage of 5- to 17-year-olds who spoke a language 

other than English at home and who  spoke English with difficulty

3 4
5 5 5 5 5 5

9

12

13
14

17 18
19

20

0

5

10

15

20

25

1979 1989 1992 1995 1999 2001 2003 2005

spoke a language other than English at home

apoke a language other than English in the home and spoke English with difficulty

Pupils’ home language 

                                          © Mathematics Teaching and Learning to Teach Project 
School of Education • University of Michigan • Ann Arbor, MI 48109-1259 • (734) 647-7449 • mtlt@umich.edu 
                                               Please do not distribute or use without permission



14 

We want a lot of our schools 

• Reduce dispari?es in opportuni?es and 
achievement 

• Aim for higher and more complex 
outcomes for more students than ever 
before 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• We’ve been here many ?mes before (e.g., 
the “new math,” back to basics, A Na?on at Risk, the 
Glenn Commission report, A Gathering Storm). 

• We keep gravita?ng to the same 
strategies. 

• Have we learned anything that can help 
change the paiern?  Can we avoid 
assembling the same NMP report 10 years 
from now? 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What can we “harvest” from the  
Na3onal Mathema3cs Advisory Panel 

report? 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Overview 

• Panel charge, process, and structure 
• Analysis of Panel product 
• Summary of report’s main points and scope 

• Commentary 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Presiden3al Execu3ve Order 
April 2006 

• The Panel will advise the President and the 
Secretary of Educa?on on the best use of 
scien?fically based research to advance the 
teaching and learning of mathema?cs, with a 
specific focus on prepara?on for and success in 
algebra. 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Elements of the report 

1.  Conceptual knowledge and skills  
2.  Learning processes 
3.  Instruc?onal prac?ces 
4.  Teachers and teacher educa?on  
5.  Assessment 
6.  Standards of evidence 
7.  Survey of algebra teachers 
8.  Instruc?onal materials 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Headlines 
1.  Substan?al agreement about what students should learn to be successful in algebra 

(algebra as gate)––founda?ons, benchmarks, cri?cal topics.  Neither inclusive nor 
comprehensive. 

2.  Conceptual understanding, procedural skill, reasoning, use of language and 
representa?ons are intertwined in mathema?cal competence. 

3.  Early opportuni?es to learn mathema?cs can capitalize on and extend young learners’ 
resources; this is a par?cularly important interven?on to narrow opportunity gaps. 

4.  Automa?city and fluency are important, to free aien?on; achieving this takes prac?ce. 

5.  Instruc?on cannot be reduced to oversimplified dichotomies (e.g., teacher‐directed 
versus student‐centered). 

6.  Teachers’ mathema?cal knowledge maiers; strongest signal with content measured 
close to its use in prac?ce. 

7.  Lack of evidence to iden?fy effec?ve teacher educa?on at any stage of teacher 
development. 

8.  U.S. textbooks tend to be long and cluiered. 

20 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Ra3onale for what is included 

1.  Directly related to the Panel’s charge 

2.  Sufficient evidence that could responsibly 
support policy recommenda?ons 

3.  Adequate ?me and resources to pursue 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What’s missing in the report,  
and why? 

Not part of NMP charge or scope   

•  Teaching and learning 
mathema?cal topics and skills 
beyond algebra and its key 
founda?ons 

•  School working condi?ons 

•  Role of students’ out‐of‐school 
experiences and other influences  

•  Parental and public altudes 
toward mathema?cs 

•  What it takes to intervene 
successfully at scale 

Insufficient evidence for policy 

•  Effects of par?cular curricula 

•  Instruc?onal prac?ces that focus on 
and redress inequi?es 

•  Effec?ve forms or prac?ces of teacher 
educa?on 

•  Specifics about the mathema?cal 
prepara?on of teachers 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What’s missing because of lack 
of resources, 3me, or priority? 

• Mathema?cal prac?ces as core content (e.g., reasoning, 
proving, represen?ng, defining) 

•  Effects of other instruc?onal prac?ces (e.g., homework, 
wri?ng, individualized instruc?on) 

•  Teachers’ knowledge, skills, and disposi?ons other than 
mathema?cal knowledge 

•  Designs for school improvement and how they work 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Content Knowledge and Skills 
Streamline the mathematics curriculum in 
grades PreK-8:  
• Follow a coherent progression, with emphasis on 
mastery of key topics 

• Focus on the cri?cal founda?ons for algebra 
‐ Proficiency with whole numbers 
‐ Proficiency with frac?ons 
‐  Par?cular aspects of geometry and measurement 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Cri3cal Founda3ons 

•  The Cri?cal Founda?ons are not meant to comprise a 
complete preschool‐to‐algebra curriculum.  

•  “Cri?cal” for the study of algebra, whether as a part 
of a dedicated algebra course in Grade 7, 8, or 9, or 
within an integrated mathema?cs sequence in the 
middle and high school grades.  

•  Deserve ample ?me in any mathema?cs curriculum. 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Curricular Content 
The Major Topics of School Algebra 
•  Symbols and expressions 

•  Linear equa?ons 
•  Quadra?c equa?ons 
   

•  Func?ons 
•  Algebra of polynomials 

•  Combinatorics and finite probability 

26 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Learning Processes 

• Children develop considerable knowledge of 
mathema?cs before they begin kindergarten; early 
programs are important to help all students enter 
school with key founda?ons. 

• Students’ goals and beliefs about learning are related 
to their mathema?cs performance; students’ beliefs 
about the importance of effort and ability can be 
changed. 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Learning Processes 
• Learners must simultaneously develop conceptual 
understanding, computa?onal fluency, factual knowledge and 
problem solving skills.  

• Limita?ons in the ability to keep many things in mind (working‐
memory) can hinder mathema?cs performance. 

‐ Prac?ce can offset  this through automa?c recall, which results in less 
informa?on to keep in mind and frees aien?on for problem solving. 

‐ Learning is most effec?ve when prac?ce is combined with instruc?on on 
related concepts. 

‐ Conceptual understanding promotes transfer of learning to new problems 
and beier long‐term reten?on. 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Instruc3onal Prac3ces  
1.  Forma?ve assessment 

2.  Uses of technology 
3.  Effec?ve prac?ces for students with learning 

difficul?es 

4.  Mathema?cally‐precocious students 
5.  Teacher‐directed versus student‐centered instruc?on 
6.  “Real‐world” problems 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Instruc3onal Materials 
•  U. S. mathema?cs textbooks are far too long ‐‐ onen 

700‐1000 pages.   
•  Mathema?cs textbooks are much smaller in many 

na?ons with higher mathema?cs achievement than 
the U.S.  

•   Excessive length makes our books unnecessarily 
expensive and tends to undermine coherence and 
focus. 

•  Publishers must ensure the mathema?cal accuracy of 
their materials. 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Assessment 

• NAEP and state tests must focus on the mathema?cs that 
students should learn, with scores reported and tracked 
over ?me.  

States and NAEP need to develop beier quality control 
and oversight procedures to ensure that test items: 

• Are of the highest quality. 
• Measure what is intended. 
• Do not include design or wording problems that provide 
unintended sources of difficul?es. 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Teachers 

•  Persistent evidence that a large propor?on of the 
variability in student achievement gains is due to 
who the teacher is 

•  Less clear from the evidence exactly what it is about 
par?cular teachers that makes them more effec?ve 

•  Need to know how more effec?ve teachers differ 
from less effec?ve ones and how to measure this 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Teachers’ mathema3cal knowledge 

• Overall signal: teachers’ content knowledge is a 
posi?ve factor in students’ achievement. 

• Number of courses, degree, or cer?fica?on in math do 
not predict student achievement gains at K‐8 and very 
inconsistently at high school level 

•  Closer measures (tests of relevant knowledge) show 
stronger signal 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Teacher educa3on 

Lack of evidence overall about: 

–  Features of teacher prepara?on or professional 
development produce changes in teachers’ 
knowledge or their students’ learning 

– What features of teacher prepara?on or professional 
development produce changes in teachers’ 
knowledge or their students’ learning 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Teacher pay 
•  Salary differen?al between teaching and other technical fields is 

large. 

•  Loca?on‐based pay can keep experienced teachers in high‐need 
schools. 

•  Performance pay for teachers can enhance students’ achievement. 

•  Lack of evidence overall on: 
–  How to best design teacher pay schemes to enhance student achievement 

(e.g., individual or school; compe??ve or not; levels of compensa?on) 

–  Whether and how loca?on‐based pay helps to airact teachers to high‐need 
areas 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“Mathema3cs specialists” 

•  Different models of “math specialists”:  lead teacher, 
elementary math teachers, math coaches 

•  Promising to explore the use of full‐?me mathema?cs 
teachers in elementary schools.  

•  Lack of evidence overall on whether math specialists 
(any model) lead to greater gains in student 
achievement 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Disappointments 
• The treatment and lack of treatment of equity 
• All the things about which there simply wasn’t 
adequate evidence to make claims about their 
effec?veness–– 
– Teacher educa?on and professional development 

– Instruc?onal approaches 
– Curriculum designs and sequences 
– What mathema?cal knowledge, skills, habits of mind 
maier for teachers 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Next steps:  Using the NMP 
1. Focus on areas of progress and substan?al agreement; build on and 

extend those 

2. Develop theories of learning connected to instruc?on  
3. Ar?culate and study instruc?onal prac?ce, inves?ga?ng how it is 

affected by who the students are and what the selng is 

4. Strengthen teachers’ opportuni?es to learn mathema?cs for 
teaching prac?ce 

5. Develop measures of that knowledge that can be related to 
instruc?on and student learning 

6. Use strong research designs  to study alterna?ves in professional 
training (preservice, early career support, professional educa?on) 
for their impact on teachers’ effec?veness 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• hip://www.ed.gov/about/bdscomm/list/
mathpanel/index.html 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A missing piece:   
Intervening in schools 

40 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A sprawling “system” 

• 50 million students in K‐12 schools 
• 90,000 schools 
• 15,000 school districts 
• 3.6 million teachers 

• Per‐pupil spending by state varies from about 
$6K ‐ $14K 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The U.S. has a long history of trying to fix 
schools 

–– and an equally long history of failing to 
do so. 

What are the key levers for educa?onal 
improvement? 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Instruc3on as interac3on 

•  Instruc?on as the “black box” of 
interac?ons among students, 
teachers, content 

•  (Cohen) Teaching is a thoughsul 
human construc?on designed to 
improve learning 

•  Teaching prac?ce is deliberate and 
aien?ve. 

•  Prac?cing teachers seek to connect 
their teaching to students’ learning. 

•  Coordina?ng, over ?me, and with 
groups of students to accomplish 
specific goals 

teachers

students

students

content

environments
teachers

students

students

content

Cohen, Raudenbush, & Ball (2003).  Resources, instruction, and research. EEPA. 
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Interven3ons 
•  Comprehensiveness 

•  Design 
–  Elabora?on 
– Development 

•  Coordinate instruc?on 
• Manage incen?ves 
• Use resources 
• Manage the environment 

44 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The post‐test: 
Checking your answers 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1. Which are myths? Which are true? 
Mark M (myth) or T (true). 

M  The number of mathema?cs courses that a teacher has taken is a 
good predictor of how effec?ve he or she will be. 

M  Most high‐performing countries use math specialist teachers in 
the upper primary grades. 

M  Crea?ng professional learning communi?es is at the heart of 
effec?ve professional development. 

T   Individual teachers can have a significant impact on students’ 
learning. 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2.  Do you YOU know math  
well enough to teach third grade?  

  Write four dis3nctly 
different word problems that 
correspond to this division 
expression, represen?ng 
different interpreta?ons of 
the meaning of division, and 
with different possible 
numerical answers, 
depending on the context. 

38÷4 
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①  Ricardo has 38 cookies. If he packages them in bags with 4 cookies 
in each bag, how many bags can he fill? (measurement, 9) 

②  Ricardo has 38 cookies.  If he distributes them equally among 4 of 
his colleagues, how much will each person get? (par??ve, 9½, or 9 
r2)  

③  Ricardo has 38 pupils.  If he wants to arrange the classroom into 
tables that seat 4 people, how many tables does he need? 
(measurement, 10)  

④  Ricardo has 38 commemora?ve Red Wings pencils and wants to 
make 4 equal‐sized packs of pencils.  How many pencils will be in 
each pack? (par??ve, 9, with 2 pencils len over) 

⑤  Ricardo has 38 cm of licorice.  He wants to cut the licorice into 4‐
cm. lengths. How many lengths will he able to make? 
(measurement, 9 ½)    

48 

                                          © Mathematics Teaching and Learning to Teach Project 
School of Education • University of Michigan • Ann Arbor, MI 48109-1259 • (734) 647-7449 • mtlt@umich.edu 
                                               Please do not distribute or use without permission



3.  Which is most likely to improve 
mathema3cs learning? 

a.  Install a more challenging mathema?cs curriculum. 

b.  Increase instruc?onal ?me spent on mathema?cs and 
reduce class size. 

c.  Coordinate professional educa?on, curriculum, 
assessment, and policy signals. 

d.  Recruit more mathema?cally‐trained people to be 
teachers. 

e.  Lower the barriers for entry to teaching. 
f.  Pay teachers more to raise performance. 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Lessons from success 
1.  Teaching is a professional prac?ce that must be 

learned, and con?nuously developed.  (e.g., Japan, 
China) 

2.  Improving students’ learning requires a focus on 
instruc?on: 

•  Provide sufficient detail 
•  Provide for professional learning (and “unlearning”) about 

content for teaching, about good student work and how to 
produce it with actual kids 

•  Involve mul?ple stakeholders 
•  Aiend to coordina?on and incen?ves 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Where should we place our bets, given 
what we know (and what we don’t)? 

•  Build a usable knowledge base for instruc?on 
•  Provide much more detailed instruc?onal guidance 
•  Provide systema?c professional training for successful prac?ce 
•  Learn how other professions prepare prac??oners (e.g., 

Grossman) 
•  Install sustained professional opportuni?es for con?nuous 

improvement, connected to the actual tasks of prac?ce in 
selngs 

•  Coordinate policy signals, curriculum, assessment, professional 
educa?on 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