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Understanding the Need: 
What do we know from national data?



Data from the 2000 National Survey of 
Science and Mathematics Education



Elementary Teachers Considering Themselves Less 
Than Well Qualified to Teach Each Subject
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Middle School Science Teachers Considering Themselves
Less Than Well Qualified to Teach Each Subject
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Content Preparedness Composite Scores 
of High School Science Teachers 
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Strengths and weaknesses of 
“typical” mathematics/science 

instruction



Inside the Classroom 
Observation Study:

• Nationally representative sample 
of 364 mathematics and science 
lessons 



“Capsule” Rating Scale
• Level 1: Ineffective instruction

a.  “passive learning”
b.  “activity for activity’s sake”

• Level 2: Elements of effective instruction

• Level 3: Beginning stages of effective instruction 
(low, solid, high)

• Level 4: Accomplished, effective instruction

• Level 5: Exemplary instruction 



• What percent of K-12 science lessons 
were rated as high quality?



Capsule Ratings:
K–12 Science Lessons
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Relative Strengths of K–12 Science Lessons
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Areas Where K–12 Science Lessons 
Are Rarely Strong
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• Teachers, like all professionals, need 
opportunities for continuing education.



Teachers of Science 
With <16 hrs of Professional Development 

in Science/Science Education in Last 3 Years
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• Time and resources for professional 
development are limited.

• Therefore, we need to be as purposeful, 
efficient, and effective as possible in our 
PD.



• When teachers were asked about their 
professional development needs, many 
indicated needs in:
– Content 
– Using investigative teaching strategies
– Understanding student thinking 
– Assessing student learning



Science Teachers Reporting They Perceived a Moderate or 
Substantial Need for Science Professional Development 
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• What should professional development 
look like?



Emerging Consensus

• Elmore (2002) summarized what he 
called an “emerging consensus” on 
quality PD, listing what many in the 
field believe to be the features of 
effective professional development:



Professional Development: 
The Consensus View 

(Elmore, 2002)
• Focuses on a well-articulated mission or purpose 

anchored in student learning of core disciplines 
and skills

• Derives from analysis of student learning of 
specific content in a specific setting

• Focuses on specific issues of curriculum and 
pedagogy

• Embodies a clearly articulated theory or model of 
adult learning

• Sustains focus over time—continuous improvement



• Develops, reinforces, and sustains group work

• Involves active participation of school leaders and staff

• Models effective practice

– Delivered in schools and classrooms

– Practice is consistent with message

• Uses assessment and evaluation

– Active monitoring of student learning

– Feedback on teacher learning and practice



• “Wisdom of Practice” provides insights 
on particular professional development 
strategies.



Decide on purpose(s) before 
selecting PD strategies

• Once you choose the specific goals and 
content foci for the PD, you need to 
design PD to accomplish those goals.



PD strategies should be chosen:

• Consistent with the designated 
purpose(s) of the PD;

• Consistent with the available 
capacity;

• Consistent with the available 
resources.



Select PD strategies

• PD strategies are not inherently good or 
bad, although some may be better 
suited  than others for a particular 
purpose.

• PD strategies vary in cost, and in the 
knowledge and skills needed to 
implement them well.



PD Strategy:  
Immersion in content

• Provides an opportunity for teachers to 
deepen both content knowledge and 
understanding of the discipline.

• Requires PD providers with strong 
content background and skill in working 
with adult learners, not necessarily 
expertise in K-12 mathematics/science 
education.



PD Strategy: Exploring student 
instructional materials

• Teachers will see the PD as relevant.

• Requires PD providers with, collectively, 
both strong content background and 
expertise in K-12 mathematics/science 
education, as well as skill in working 
with adult learners.



PD Strategy: Exploring student 
instructional materials

• Need to be careful that the content 
doesn’t get lost.  Teachers need to  
learn the content AND learn how the 
activities are intended to help students 
develop their understanding.



PD Strategy: Analysis 
of student work

• Has particular potential for helping 
teachers understand student thinking.

• Helpful to start with prepared sets of 
student work, and then have teachers 
bring in their own students’ work.



PD Strategy: Analysis 
of student work

• Requires PD providers with, collectively, 
strong content background and 
expertise in K-12 mathematics/science 
education, as well as skill in working 
with adult learners.



PD Strategy: Case
Discussions

• Teachers likely to see the PD as 
relevant;

• Can be conducted in workshop or study 
group setting;

• Require PD providers with, collectively, 
strong content background and 
expertise in K-12 mathematics/science 
education, as well as skill in working 
with adult learners.



Consider issues of scale

• Some potentially very effective PD 
strategies are difficult to use effectively 
at scale:
– Instructional coaching
–School-based study groups/lesson 

study



PD Strategy:  School-based 
study groups

• Potentially very powerful;

• But each study group requires a PD 
provider with strong content 
background, expertise in K-12 
mathematics/science education, and 
skill in working with adult learners, 
making this a difficult strategy to use at 
scale.



PD Strategy: Instructional 
coaching

• Potentially very powerful;
• But requires someone with strong 

content background, expertise in K-12 
mathematics/science education, and 
skill in working with adult learners for 
each teacher, making this an extremely 
difficult strategy to use at scale.



Caution is in order for other 
strategies as well

• Teachers are sometimes asked to 
develop instructional materials or 
student assessments as part of PD.



PD Strategy: Teacher 
development of instructional 

materials/assessments

• Teachers likely to see the PD as 
relevant;

• Can be conducted in workshop or study 
group setting;



PD Strategy: Teacher 
development of instructional 

materials/assessments

• The process may be effective in 
deepening the knowledge of 
participating teachers;

• But the resulting products are unlikely 
to be of high quality without extensive 
review and revision. 



While we have impressions/insights 
from practice, there is very little 
empirical evidence on the features of 
effective professional development.

However…



What do we know?

• First, we know there is a great need 
for effective PD, based both on 
teacher self-report and on classroom 
observation studies.



What do we know?

• In particular, classroom observations 
indicate a need for more questioning 
for understanding, challenging of 
ideas, and sense-making in science 
instruction.



What does the empirical evidence 
tell us about effective PD?

• A study of Eisenhower supported       
professional development (Garet et al., 
1999) provides support for a number of 
features of high quality PD highlighted by 
Elmore.



Features of High Quality PD

• Focuses on content knowledge;
• Emphasizes active learning;
• Promotes coherence;
• Provides a large amount of training 

sustained over time; and
• Encourages collaboration among 

teachers.



Effective PD

• Teachers who reported opportunities to learn 
about student mathematics curricula in PD 
reported more of the kind of classroom 
practice that the CA frameworks advocated.

• Student performance was related to teacher 
reports of curriculum-focused PD.
(Cohen and Hill, 2000)

• Similarly, Hill and Ball (2004) found that 
content-focused PD led to improvements in 
teacher content knowledge.



A Decade of Research on LSCs

• The Local Systemic Change Initiative 
(LSC), funded by NSF’s Division of 
Elementary, Secondary, and Informal 
Education, built on the lessons learned in  
earlier NSF programs. 

• Results from the LSC provide additional 
empirical support for content-based, 
instructional materials focused, PD.

Lessons from a Decade of Mathematics and Science Reform: A Capstone Report for the
Local Systemic Change through Teacher Enhancement Initiative (Banilower et al., 2005).



Local Systemic Change 
Initiative

• NSF funded the first cohort of LSC projects 
in 1995.

• By 2002, there was a total of 88 projects.

• Projects represented a wide variety of 
contexts – rural, suburban, urban districts, 
with widely varying demographics.



Logic Model of LSC 
Professional Development

Quality PD Program

↓
Increased Teacher Knowledge/Skills

↓
Improved Classroom Practice

↓
Improved Student Performance
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LSC Guiding Principles

• Using well-prepared professional development 
providers whose backgrounds included in-depth 
content understanding and expertise in K-12 
mathematics/science education;

• Establishing a supportive and collegial 
professional development culture;

• Providing experiences that deepen teachers’
knowledge of the mathematics/science content 
in the curriculum and the pedagogy needed to 
teach this content;



• Providing support for teachers in content, 
pedagogy, and materials over the course of 
implementation; and

• Providing opportunities for teachers to 
explore and become conversant with 
exemplary instructional materials and the 
appropriate pedagogy for using these 
materials in their classrooms.



LSC Professional 
Development

• Targeted all teachers in a district/set 
of schools for professional 
development.

• LSCs were expected to provide each 
teacher with a minimum 130 hours of 
professional development, typically 
over a 5-year period.



Impact of LSC on 
Teachers

Note: Several slides present “composite”
scores, where 100 percent means a 
teacher responded at the highest point 
on the scale for each item in the 
composite.



Composite: 
K-8 Science Teachers’ Attitudes Toward Teaching,

by Extent of Participation in LSC PD
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Composite: 
K-8 Science Teachers’ Perceptions of 

Pedagogical Preparedness, 
by Extent of Participation in LSC PD
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Composite:  
K-8 Science Teachers’ Perceptions of Content 

Preparedness,
by Extent of Participation in LSC PD
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Impact of LSC PD on Classroom 
Practices

• Impacts were evident with about 30 
hours of LSC PD, typically increased 
until about 80 hours PD, and then 
leveled off.



Cautions:

• More efficient PD might get these 
kinds of modest gains with fewer 
hours.

• More effective PD would continue to 
get gains well past 80 hours.



Composite: 
K-8 Science Teachers’ Use of 

Investigative Teaching Practices,
by Extent of Participation in LSC PD
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Instructional Time Devoted to Science
(K-5 self-contained classes),

by Extent of Participation in LSC PD
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K-8 Science Teachers’ Use of 
Designated Instructional Materials,
by Extent of Participation in LSC PD

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120 140 160 180 200

Hours of LSC PD

P
ro

b
a
b

il
it

y
 o

f 
U

si
n

g
 

F
re

q
u

e
n

tl
y

K-8 Science



In addition…

• After factoring out the effect of 
professional development, teachers’
frequency of use of the designated 
instructional materials continued to 
increase over time.



Principal Support is Very 
Important

• Teachers’ perceptions of principal 
support was a positive influence on 
teachers and teaching, beyond the 
effects of the PD.



Key Points

• Professional development matters

• Principal support matters

• Fidelity of implementation matters
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Lesson Quality is Associated with 
Adherence to District-Designated Materials
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Why were only 50 percent of 
PD/designated materials lessons 

highly rated?

• Based on observations, teachers often 
focused on the reform aspects of the 
materials, but the key mathematics/ 
science content sometimes got lost.



Why were only 50 percent of 
PD/designated materials lessons 

highly rated?

• Teachers may not know the content, or 
they may not know how to use the 
student activities to help students learn 
the content.



The Challenge for PD

• PD needs to keep the focus on student 
learning goals, highlighting the 
concepts being addressed, how they are 
developed over time, difficulties 
students may encounter, and how to 
monitor student understanding.



To summarize:
1. Mathematics/science teachers need 

content-focused PD.
2. Basing PD on student instructional 

materials is a promising strategy.
3. PD needs to keep the focus on that 

content, helping teachers help students 
learn important mathematics/science.

4. Need to select/prepare/support PD 
facilitators to carry out content-based, 
curriculum focused PD.



5. Having a shared mission (school-
wide/district-wide/state-wide) and 
getting a critical mass of teachers 
involved, seems to change the discourse, 
reinforcing and expanding the impact of 
the PD.

6. Principals need to know what teachers 
are learning and how they can best 
support them.

7. State/district policies need to send 
consistent messages aligned with the 
same vision as the PD.



Why don’t we know more about 
professional development?

• Many programs are set up to maximize 
improvement in teacher learning, not
generation of knowledge for the field 
(e.g., no comparison groups).



Why don’t we know more about 
professional development?

• Lack of measures of teacher content 
knowledge (data are often self-report).



Why don’t we know more about 
professional development?

• Objective measures of classroom 
practice are expensive to do on a large 
scale.



Why don’t we know more about 
professional development?

• There are often problems with research 
designs due to lack of knowledge 
and/or resources.



Why don’t we know more about 
professional development?

• Even when there are well-designed 
studies, treatments are rarely well-
described.  
– Something works, but we don’t know what 

“it” is
Or 
– Used a multifaceted treatment, so we don’t 

know what component(s) are responsible 
for gains



Why don’t we know more about 
professional development?

• Research often does not follow 
professional development long enough 
to measure the entire range of impacts 
on teachers, classroom practice, and 
student achievement.



Why don’t we know more about 
professional development?

• Social systems are complex and fluid.
– Policy makers may not stick with reform 

long enough.

– Over time, new interventions cloud 
measurable impacts.



In the Meantime…

• Clearly there is a need for more 
research on PD for teachers of science 
(and other subjects).

• PD design and implementation should 
be based on the best knowledge 
available, which is a mix of research 
and wisdom of practice.
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