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What is Involved in Trying to StudyWhat is Involved in Trying to Study
Instruction, and Efforts to Improve It, at Scale?Instruction, and Efforts to Improve It, at Scale?

• What have we tried to do?

• What have we been learning?
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Overview of PresentationOverview of Presentation

• Brief introduction to the study
• Two early results from study

– Instructional time
– Teachers’ content knowledge

• Lessons learned
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What is theWhat is the
Study of Instructional Improvement (SII)?Study of Instructional Improvement (SII)?

• A longitudinal multi-method study of three major school reform
programs (America’s Choice, Success for All, Accelerated Schools)

• In 112 high poverty urban elementary schools (25-30 schools per
program; plus comparison schools)

• Investigating language arts (ELA) and mathematics instruction
• Study components

– Case studies of intervention programs
– Survey study of schools (school leaders, teachers, students, parents,

opportunities to learn)
– Case studies of sub-sample of schools (12 schools)

• What is involved in improving instruction at scale in high poverty
elementary schools?

Funders:   Atlantic Philanthropies, U.S. Department of Education, Hewlett
Foundation, National Science Foundation
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Data Collection InstrumentsData Collection Instruments
for the Survey Studyfor the Survey Study

• Annual teacher questionnaire (school policies,
professional development, instructional practice,
curriculum, content knowledge, beliefs about
students, pressures)

• Teacher instructional logs
• Questionnaires from school leaders
• Parent interviews
• Student achievement data
• Observations of school intervention programs

                                        © 2005 Mathematics Teaching and Learning to Teach 
School of Education • University of Michigan • Ann Arbor, MI 48109-1259 • (734) 615-7235 • mtlt@umich.edu 
                                           Please do not circulate or cite without permission



5
www.sii.soe.umich.edu
www.soe.umich.edu/lmt

A View of U.S. Instruction at ScaleA View of U.S. Instruction at Scale

• Widespread concern about student learning in
elementary schools

• Over many years of efforts at reform
• Little empirically-based detailed knowledge about

patterns of practice in language or mathematics in
U.S. elementary schools
– How much time is spent on language or math?
– What is actually taught?
– Does teachers’ knowledge of content for teaching make a

difference?
• SII offers an opportunity to learn answers to these

questions.
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Two InvestigationsTwo Investigations

• Instructional time in mathematics
– Use instructional log data

• Teachers’ mathematical knowledge for
teaching
– Use variety of data sources
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Why Investigate Instructional Time?Why Investigate Instructional Time?

• Instructional improvement:  programs aim at
regulating instructional time

• Our sample: high-poverty urban elementary
schools

• Opportunity to learn:  Time predictive of
learning in many studies
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Instructional Time: Using Data from theInstructional Time: Using Data from the
Instructional LogInstructional Log

• Goal of log:  to gather behavioral data on
instruction on a large scale

• Teachers complete in less than 5 minutes
• Not biased toward a particular view of

“good” instruction
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Design of the Mathematics LogDesign of the Mathematics Log

• Gateway:  instructional time, reason for missed
time, topic emphasis

• Inside: detail for three gateway topics:  number
concepts, operations, patterns/functions/algebra
– Finer content breakdown
– Representations used
– Level of cognitive and mathematical complexity
– Student tasks

For one random student per day
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Log GatewayLog Gateway

• Length of the lesson
• If not taught, why not?
• Topics taught:

- Number concepts
- Operations
- Patterns, functions, or 
algebra
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Number ConceptsNumber Concepts

• What numbers?
• Detail about topic
• Representations
• Cognitive and

mathematical level
• Student tasks
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Helping Teachers Complete LogsHelping Teachers Complete Logs

• Training teachers to use the logs
• Incentives

– Large: financial
– Small: treat teachers as colleagues

• Site coordinator visits
• Glossaries

Response rate:
Log completion rate exceeds 90 percent for mathematics
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Questions About Instructional TimeQuestions About Instructional Time

• How much time do students spend learning
mathematics? (across teachers, grade levels,
schools, programs)

• How does instructional time spent on ELA
and math compare?

• How much variability is there in instructional
time?
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What Do We Mean ByWhat Do We Mean By
““Instructional TimeInstructional Time””??

• Began by calculating mean amounts of time spent
– 72,000+ records of math instruction:

• mean 44.34 minutes
• standard deviation of 33.33 minutes

• What is going on?
– Minutes of instruction = 0 on 24.1% logs

• Why might students receive no mathematics
instruction on these days?
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Why Does Instructional Time = 0Why Does Instructional Time = 0
on 24.1% of Logs?on 24.1% of Logs?

Why do Students Miss Mathematics Instruction?
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How Much How Much ““ActualActual”” Instruction Takes Place Instruction Takes Place
on  on  ““PossiblePossible”” Instructional Days? Instructional Days?

• “Possible” instruction:
Days when both the
student and teacher
are in school

• “Actual” instruction:
Student receives
instruction

• RESULTS
– Probability of receiving

instruction on a given
day

– Mathematics:  84.4%
(miss 1 out of 7 days)

– ELA:  87.3% (miss 1 out
of 8 days)

– But . . . enormous
variation
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Probability by Teacher of Receiving InstructionProbability by Teacher of Receiving Instruction
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Relationship Between TeachingRelationship Between Teaching
Mathematics and ELAMathematics and ELA

Probability of receiving Math instruction
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Conclusions about Instructional TimeConclusions about Instructional Time

• Accurate measures of time show great
variation in basic instructional
opportunity

• Allows for investigating nuanced questions
about how this instructional time is spent
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Teacher KnowledgeTeacher Knowledge

• What have we learned about the
characteristics of teacher knowledge?
– Measurement efforts

• Does teacher knowledge, measured in this
way, affect student achievement?
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SII Measures of TeachersSII Measures of Teachers’’
 Content Knowledge for Teaching Mathematics Content Knowledge for Teaching Mathematics

(CKT-M)(CKT-M)

• Measure content that teachers use in teaching
• Contextualize the items in tasks (or situations) that

all teachers face
• Usable measures:

– Large sample of teachers (N=5500) = multiple choice
– Not grade-specific (grade 1 - 6 teachers)
– Not represent any single view of teaching (e.g., “reform”)
– Items that vary in difficulty

• Develop theory of knowledge for teaching  in
mathematics
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Writing Items: Our StrategyWriting Items: Our Strategy

• Limit topic domains: number concepts; operations;
patterns, functions, and algebra

• SII measured content knowledge only
– Common and specialized
– Wider piloting: knowledge of content and students

• Use varied sources to identify task domains of
teaching

• Involve experts in item development and review
• Pilot in California prior to SII use
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Piloting Result: Multidimensionality ofPiloting Result: Multidimensionality of
““Content KnowledgeContent Knowledge””

• Content knowledge and knowledge of students and content
on separate dimensions

• Within number concepts and operations content knowledge,
two sub-scales:
– “Common” content knowledge (CCK)

• Number halfway between 1.1 and 1.11

– Specialized content knowledge  (SCK)
• Known in ways useful for tasks of teaching (e.g., Appraising unusual

methods, claims, or solutions; providing explanations for mathematical
ideas and procedures; representing mathematical ideas and operations)
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AnalyzingAnalyzing
Unconventional Unconventional ““CorrectCorrect”” Solutions Solutions
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Analyzing Incorrect AnswersAnalyzing Incorrect Answers
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Mathematics: ValidationMathematics: Validation

• Cognitive tracing interviews with teachers,
laypeople, mathematicians

• Content validity checks
• Examining videotapes of classroom teaching

– Comparing to measure scores
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Measuring Teacher Knowledge for SII:Measuring Teacher Knowledge for SII:
MechanicsMechanics

• Yearly teacher questionnaire
– 30 items in number (13), operations (13), pre-

algebra (4)
– Common and specialized CKT-M

• Item response theory
– Factor analyses and scoring

• Reliability: .88
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Student Achievement Data and AnalysisStudent Achievement Data and Analysis

• Other key measures and data sources
– Terra Nova gain scores (fall-fall or spring-spring)
– Teacher coursework, certification, years experience
– Time in mathematics instruction
– CKT-English Language Arts (ELA)

• Mixed model (SAS)
– 3-level model (students, teachers, schools)
– Two models: 1st and 3rd grade
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SII ModelSII Model
•Teachers’ CKT - M
performance significantly
predicts student gain scores

-1st and 3rd grade

•Small effect
-2-3 weeks of additional
instruction
-comparable to SES

•Instructional time
      -Positive in 3rd grade
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Correlates of Teacher KnowledgeCorrelates of Teacher Knowledge
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Teacher Knowledge ConclusionsTeacher Knowledge Conclusions

• Content knowledge does matter
• How it matters – just beginning to understand

– “G” vs. subject-specific knowledge vs. specialized
knowledge

• When it matters…
– 1st grade finding

• Equity concerns
– Student SES and minority status tied to teacher knowledge
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Lessons LearnedLessons Learned

• Possibility of developing usable and useful instruments to
collect data on important aspects of teaching at scale

• Importance of interdisciplinary expertise and joint work:
mathematicians, teachers, teacher educators, researchers on
teaching, sociologists, policy researchers, quantitative
methodologists

• Importance of investment in many cycles of instrument
development

• Usefulness for theory and for further studies of collaborating
with international partners (new work underway)
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For further information, please go to:

http://www.sii.soe.umich.edu
http://www.soe.umich.edu/lmt
http://www.umich.edu/~dball
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