Technology Supports for Mathematics Learning

Presentation to the National Math Panel

November 6, 2006
Barbara Means, Center for Technology in Learning

Variety of Purposes

· Motivate or optimize skill practice

· Provide direct instruction in math concepts and procedures

· Manage, assess, or support instruction

· Provide tools that support mathematical reasoning and activity

Meta-Analyses of Mathematics Tutorial Software

· Meta-analyses of effectiveness studies of math tutorial software have generally found modest positive effects, but results of individual studies very widely. (Table)

· Table shows data from different meta-analyses.

· Meta-Analysis, Kulik (1994); Focus, Stanford-CCC software; Number of studies, 11; Years covered, 1969-1984; Effect size (range), 0.10-1.08; Effect size (median), 0.38.

· Meta-Analysis, Kulik (1994); Focus, Other math CAI/ILS; Number of studies, 21; Years covered, 1969-1986; Effect size (range) 0.07-1.44; Effect size (median), 0.37.

· Meta-Analysis, Fletcher-Flinn & Gravatt (1995); Focus, Mat CAI; Number of studies, 24; Years covered, 1987-1992; Effect size (range), N/A; Effect size (mean), 0.32.

· Meta-Analysis, Kulik (2003); Focus, Math ILS; Number of studies, 7; Years covered, 1990-1996; Effect size (range) 0.14-1.05; Effect size (median), 0.40.

· Meta-Analysis, Kulik (2003); Focus. Math & Reading ILS; Number of studies, 9; Years covered, 1990-1996; Effect size (range), 0.04-0.58; Effect size (median), 0.17.

· Meta-Analysis, Murphy et al. (2001); Focus, CAI; Number of studies, 13; Years covered, 1993-2000; Effect size (median), -0.30-1.99; Effect size (median), 0.27.

Potential Sources of Variation

· Learning outcome measure

· Nature of the comparison or control condition

· Context of use

· Implementation practices

· Teacher knowledge, skills, and pedagogy

Limitations of the Research

· Studies available for meta-analysis tend to lack strong designs and/or to involve earlier generations of software.

· Few studies have the design and scope to disentangle teacher and innovation effects. 

· Meta-analyses lump together studies with differing applications, designs, grade levels, types of learning measures, etc.

· Implementation of the intervention and (especially) the control condition are often loosely specified and poorly documented.

Research on Geometry Learning Tools

· The field has yet to generate a large enough base of controlled studies of learninig effects so support meta-analyses of newer types of software, many of which are still in the design and development stage. (Table)

· Table shows a list of studies, how they were conducted, and the findings.

· Study, Funkhouser (2002); Focus, Geometry text alone or augmented by Geometric Supposer; Design, Quasi-experimental; Sample, 2 10th-grade classes; Outcome measure, 50-item geometry test; Findings, Treatment > Control.

· Study, Isiksal & Askar (2005); Focus, Traditional spreadsheet and interactive geometry software; Design, Experiment; Sample, 3 Turkish 7th-grade classes; Outcome measure, mathematics achievement test; Findings, Interactive > Control, Spreadsheet = Control.

· Study, Lester (1996); Focus, Geometry text alone or augmented by Geometer’s Sketchpad; Design, Quasi-experimental; Sample, N/A; 3 outcome measures with 3 findings.

· Outcome measure, Geometric conjecture; Findings, Treatment > Control

· Outcome measure, Geometric knowledge; Findings, Treatment = Control

· Outcome measure, Geometric construction; Findings, Treatment = Control

· Study, Almeqdadi (2000); Focus, Geometry text alone or augmented by Geometer’s Sketchpad; Design, Experiment; Sample, 52 Jordanian 9th-grade males (same teacher for experimental and control conditions); Outcome measure, Researcher-designed test focusing on relationship between area & perimeter; Findings, Treatment > Control

Emerging Tech Practices: Nussbaum’s Work

· The focus is on human activity; technology tools generate artifacts and provide support for human interaction. (Pictures)

· Pictures illustrate Nussbaum using wirelessly linked PDAs to have students work together to match graphic representations to numerical representations such as decimals and fractions.

· Picture 1 shows a chart of which group got their answers correctly.

· Picture 2 shows an illustration of the program interface that the kids are using.  For example, one of the illustrated PDAs shows a divided pie chart with certain slices missing, a numerical fraction or decimal next to it, and under it the options to keep or trade.

· Picture 3 shows a group of children working with the PDAs.

Systems View of Instruction

· Research is complicated by the fact that a technology tool is used within a broader instructional context that includes interactions with the teacher, print-based materials, and other students. (Pictures)

· Pictures illustrate how the use of technology is really about studying the effects of complex instruction and not the technology itself.

· Picture 1 shows a classroom being taught using technology.

· Picture 2 shows the instructional triangle developed by Cohen and Ball.  It shows how there needs to be a balance between teachers, students, and instructional materials.

· Picture 3 shows two students working with a laptop.

SimCalc R & D

· Broadening Access to the Mathematics of Change and Variation (Picture)

· A series of projects 1994 through the present

· Emphasis throughout on scaling the innovation

· Picture shows Jim Kaput from the University of Massachusetts, Dartmouth.

SimCalc MathWorlds

· Picture of SimCalc

· Picture shows the interface of one of SimCalc’s applications, in particular Intro Using Elevators.  There is an elevator representation on the left and various charts on the right that show velocity, position, etc.

Early R & D: Towards Scale

· Grade Levels

· Middle - linear functions

· High – Algebra I/II, Trig, PreCalc, Calc

· University – PreCalc & Problem Solving, Preservice Teacher Ed

· Technology

· Mac OS

· Java

· Palm

· TI Calculators

· Pictures of a Texas Instrument TI-83 Plus calculator and Palm OS’ Emulator running a graphing program are shown on the right.

· Field sites: Fall River, MA; Boston, MA; Newark, NJ; Syracuse, NY; San Diego, CA

SimCalc 94-Classroom Scaling Study

· Reasons for Teacher Attrition:

· Reassignment/promotion to non-7th grade or non-math teaching position (5).

· Personal reasons (3).

· Non-response to research team; contact information out-of-date (3).

· Relocation out-of-state (2).

· Illness (1).

· Graph of Classroom Scaling Study

· The graph is a triangle showing the level of responses.  It will be described from the base up.

· Base – 2637 Math Teachers in Target Regions

· Level 2 – 218 Applied

· Level 3 – T=70, C=70 invited to Workshops

· Level 4 – T=58, C=59 Completed Workshops

· Top – T=48, C=46 Received Data

Building an Appropriate Assessment 

· Table

· 7th Grade Study (Proportionality) regarding M1 Addressed by TEKS

· Solving for one value in a formula a/b=c/d or y=kx

·  7th Grade Study (Proportionality) regarding M2 Complex Math Beyond TEKS

· Solving problems that invoke y=kx as a function

· Multiple representations

· Connections across functions and representations

· 8th Grade Study (Linear Function) regarding M1 Addressed by TEKS

· Calculating inputs/outputs

· Translating between representations

· 8th Grade Study (Linear Function) regarding M2 Complex Math Beyond TEKS

· Comparing multiple functions and segments

· Average rates

SimCalc Students Scored Higher

· Chart shows the Student Gain Scores (Teacher Level).  It compares the M1 and M2 students in both the control and treatment groups in mean different scores (Post – Pre)

· Student M1 Control Group, ~1

· Student M2 Control Group, ~ 2.4

· Student M1 Treatment Group, ~1.1

· Student M2 Treatment Group, ~5.7

Next Step: Understanding Teacher Variation in Gains

· Chart shows student total gains from both the control and treatment group.  The bar graph shows a significant number of members of the treatment group achieving higher gains than the control group.

Conclusions

· Technology supports for math learning are too important to ignore. 

· More research is needed on technology tools based on cognitive studies of mathematics learning in specific conceptual areas.

· Effectiveness varies widely across classrooms, schools and projects: The field needs large, well-designed studies addressing the sources of variability in effectiveness.

· Most technology tools are designed to supplement core instruction or to replace individual units: The relationship between the technology-based work and other instructional materials and activities should be documented and analyzed. 

· The congruence between the focus of the technology-supported activity and that of the measure of learning is important.

