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Texas Instruments’ Approach to Improving Students’ Mathematical Knowledge
· History

· Finding Common Ground

· Systemic Approach
· Research 

TI History in Math Education

· Began in 1986 with visit by two Mathematics Professors

· Discussed 20 year decline in SAT math scores

· Assigned two people, half time to see if TI could help

· Answer: Yes, TI could

· Developed products, materials, and training with the help of leading educators and mathematicians who were aligned with NCTM®

· Initial products were used in remediation of basic skills and teaching fractions

· In 1990, began to ship first graphing calculator for pre-calculus, TI-81.

· Currently 4 million GC are purchased each year and are required/permitted on 37 state assessments for use in algebra and above.

· Basic instructional benefits

· Power of Visualization – students visually experience the mathematics with more accuracy than previously possible

· Multiple representations – tables, graphs, and points

· Could easily experiment with different concepts

· Had two fundamental principles

· Augmented Product had to be integrated into curriculum and instruction

· Product use had to be appropriate to the instructional need

Elementary School Calculators

· In the 1990’s, the use of simple calculators in elementary school became an issue.

· Did their presence cause students to not learn basic number facts?

· Or did their presence allow students to solve more complex problems leading to deeper understanding?

· In addition, did their use prevent students from learning fraction arithmetic?

· TI analyzed its position with regard to these questions.

· Many teachers did not use elementary products in appropriate ways

· While proper Professional Development was available, TI could not reach sufficient elementary teachers to have impact

· In 2002, decided to limit marketing to elementary schools that institute a full program.

Finding Common Ground: Fundamental Premises

Concept of appropriate use is consistent with FCG

· Basic skills with numbers continue to be vitally important for a variety of everyday uses.

· Mathematics requires careful reasoning about precisely defined objects and concepts.

· Students must be able to formulate and solve problems.

Areas of Agreement

Automatic recall of basic facts: Automaticity.

Calculators: Useful role.

Learning algorithms: Use the basic algorithms of whole number arithmetic.

Fractions: Understanding the number meaning. 

Teacher knowledge: Depends on a solid understanding of the material.

Significance

· A dialogue has been started between all “sides” and agreements are being forged.

· More mathematicians, mathematics educators, and others are getting involved.

· Recognition that Additional Research is Critical to Expanding the FCG Framework.

· When mathematicians and mathematics educators work together, systematic interventions to improve student achievement can be developed

System Approach - I

· Systemic Interventions

· Comprehensive and Coherent Efforts on All Parts of the System

· Leadership at All Levels

· Effective Professional Development Leads to Improved Achievement

· Improve Instructional Practices to Make a Difference in How Teachers Teach

· Improve Teachers’ mathematical knowledge for teaching and their knowledge of mathematics

System Approach - II

· Classroom System: Integrating Instruction, Curriculum, and Assessment

· Integrating Ongoing Formative Assessment with Effective Instruction and Aligned Curriculum

· Integration of Assessment into Instruction Allows Students to Learn through Self-Correction

· TI Technology is Integrated into the Classroom System

· Component of Instruction, Curriculum, and Assessment

· Product Demonstration needs to be in the context of What is being Taught, How it is Being Taught, and How it is Being Assessed

Demonstration Project: Richardson ISD

· Applying these principals, TI developed with the help of experts an initiative to decrease the achievement gap in middle school mathematics.

· Conducted Surveys and Performed Analysis to Customize Components

· Assessed Teacher Content Knowledge

· Identified and Addresses Key System Components

· Achieved excellent result and are scaling up program:  33% of students who failed 2005 TAKSTM passed in 2006.

· Teacher mathematics knowledge and growth in this knowledge were both positively correlated to the TAKS performance of their students.

· Teachers reported that the math training improved their understanding so they could better explain connections to students and understand the mathematics process.

· TI technology increased student engagement and increased their algebra readiness.

· The technology, TI-NavigatorTM and TI-73 GC, were developed using research as tool to determine effective practices.

· While project research is at an early stage, it is integrated into and key to the project. 

Building the Research Base

· Summary by Empirical Education Inc.

· Independent Palo Alto-based research company

· Mission to improve school decision-making by providing scientific evidence of effectiveness

· Specialists in field experiments in school districts

· Conducting research under contract with TI

· Meta-analytic summary of experimental findings (What Works Clearinghouse style)

· Randomized experiments in two California districts

· Formative analysis of professional development and implementation

Research on Calculator Use in K-12

· Topic of great interest to researchers but 

· few studies attempt to provide rigorous impact evidence (we review 13 since 1985)

· Those with comparison groups typically small scale (fewer than 100 students)

· Many descriptive studies explore promising process changes in the classroom

· Integration of calculators in specific curricula or teaching approaches often drives the effect

· Our focus is on graphing calculators

Meta-analysis: graphing calculators and algebra

(Explanation of graph)

The graph shows a meta-analysis with a scale of –0.5 to 2.0 for the effect size across several studies.  It shows that across all the studies, the pooled estimate was from 0.61 to 1.09.

Prior Experiments on Graphing Calculators in Algebra

· Four studies in the analysis with between 45 and 300 students

· Customized tests can focus on specific strengths

· Strongest impact where curriculum was designed to use the technology (e.g., U of Chicago SMP)

· Smaller impact—but still substantial—where same text is used with and without GCs

TI Sponsored Randomized Experiment Underway

· Graphing calculators: algebra and geometry

· Addressing PD, implementation, curriculum integration, and the technology

· 33 teachers, 1,200 students in two California districts—randomization by teacher

· First year contrast: 

· Treatment: systematic GC use 

· Control: conventional calculator use 

· Observations, interviews, web surveys, test and demographic data

TI Sponsored Randomized Experiment Underway

· Formative observations influenced the PD and implementation for 2nd year

· Previous control teachers given the first year treatment 

· Previous treatment teachers extended systematic use through wireless connections (Navigator)

· Issues for the research

· TI/EEI collaboration while maintaining independence (our first commitment is to the district)

· Generalizability: conclusions for these districts vs. wider community

· (1st year findings will be reported this winter)

Conclusions for Building the Research Base

· Our meta-analysis is a starting point, not a conclusion

· We need RCTs large enough (or enough of them) to detect role of teacher characteristics 

· We need sufficient number of studies to see impacts under different conditions:

· Demographics, achievement level

· State testing approaches

· Studies of the system approach require field RCTs

· Not black-box studies

· Collaboration with district implementators

· A spirit of continuous improvement
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