Equipped for the Future
Use Math to Solve Problems and Communicate Performance Continuum

PERFORMANCE LEVEL 1
Use Math to Solve Problems and Communicate
How adults at Level 1 Use Math to Solve Problems and Communicate:
• Understand, interpret, and work with pictures, numbers, and symbolic information.
• Apply knowledge of mathematical concepts and procedures to figure out how to answer a
question, solve a problem, make a prediction, or carry out a task that has a mathematical
dimension.
• Define and select data to be used in solving the problem.
• Determine the degree of precision required by the situation.
• Solve problem using appropriate quantitative procedures and verify that the results are
reasonable.
• Communicate results using a variety of mathematical representations, including graphs, charts,
tables and algebraic models.

Level 1 Indicators
Use Key Knowledge, Skills, and Strategies
Adults performing at Level 1 can:
• Read, write, and interpret very simple types of mathematical information such as
Numbers and number sense: whole numbers (up to three digits), common monetary values, and
benchmark fractions (1/2, 1/4) and percents (50%);
Patterns/Functions/Relationships: very simple patterns, commonly-used
denominations/groupings (5s, 10s, 25s), and very simple proportions (2:1, 1:2);
Space/Shape/Measurement: high frequency standard units of measurement (pounds, feet,
quarts, gallons), geometric shapes, and concepts of length and width; and
Data/Statistics: very simple ways to interpret and represent data (checksheets, picture graphs,
unambiguous bar graphs, line plots) emphasizing frequency of occurrence.
• Recall and use a few simple mathematical procedures such as very basic estimating, counting,
sorting, ordering, grouping, adding on (using counting or a calculator), orally counting by 2s, 5s
and 10s, and measuring length and weight using tools calibrated with whole numbers (rulers,
manipulatives).
• Evaluate the degree of precision needed for the solution.
• Extract discrete information from simple and concrete data and graphs, and measure with
appropriate tools, describe patterns, and/or use computational procedures effectively to solve a
problem and to verify that the solution is reasonable.
• Communicate the solution to the problem orally, in role plays, with pictures, or by entries on a
simple chart.
Show Fluency, Independence, and Ability to Perform in a Range of Settings
Adults performing at Level 1 can easily select and apply the knowledge, skills, and strategies at this level
to independently accomplish simple, well-defined, and highly structured math tasks in one or more
comfortable and familiar settings.
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Level 1 Examples of Proficient Performance
Adults performing at Level 1 can count, order, and group to accomplish a variety of goals, such as:
• Make change using the “building” method
• Determine the amount of flooring needed in a room by counting square units of material within
the shape of the room
• Estimate daily/weekly wages by adding on (counting) per-hour amounts
• Fit furniture into a space by counting square units within the shape of the space or by estimating
using informal measurement units
• Interpret an unambiguous horizontal or vertical bar graph in a brochure from a local clinic in
order to understand information about children’s health concerns
• Measure ingredients for simple recipes using benchmark fractions
• Use tallies to determine number of useable items from total number of items produced
• Sort coins into like piles, and then determine the value of each pile
• Use manipulatives, mental math, a calculator, or paper and pencil to calculate how much it will
cost for 2 people to go to the movies
• Develop a schedule for how and when to take medication according to a doctor’s order
• Double a recipe for chocolate chip cookies for a children’s party
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PERFORMANCE LEVEL 2
Use Math to Solve Problems and Communicate
How adults at Level 2 Use Math to Solve Problems and Communicate:
• Understand, interpret, and work with pictures, numbers, and symbolic information.
• Apply knowledge of mathematical concepts and procedures to figure out how to answer a
question, solve a problem, make a prediction, or carry out a task that has a mathematical
dimension.
• Define and select data to be used in solving the problem.
• Determine the degree of precision required by the situation.
• Solve problem using appropriate quantitative procedures and verify that the results are
reasonable.
• Communicate results using a variety of mathematical representations, including graphs, charts,
tables, and algebraic models.

Level 2 Indicators
Use Key Knowledge, Skills, and Strategies
Adults performing at Level 2 can:
• Read, write, and interpret some common types of mathematical information such as
Numbers and number sense: whole numbers, monetary values and prices, benchmark fractions
(3/4, 1/10), decimals (.25, .50, .75, .10) and percents (25%, 75%, 10%, 100%);
Patterns/Functions/Relationships: simple patterns, probability and proportions (1:4, 4:1);
Space/Shape/Measurement: commonly used standard units of measurement, common geometric
shapes, and the concept of “area”; and
Data/Statistics: simple ways to interpret and represent data (tables, bar graphs with and without
gridlines, line graphs and pie graphs).
• Recall and use mathematic procedures such as addition and subtraction (with or without use of
calculator), grouping, comparing 2 numbers, and basic estimating; and measure length, weight,
and areas of standard and non-standard shapes using tools calibrated with whole numbers and
benchmark equivalents (rulers, manipulatives).
• Evaluate the degree of precision needed for the solution.
• Define, select, and organize simple data, and measure with appropriate tools, describe patterns,
and/or use computational procedures effectively to solve a problem and to verify that the solution
is reasonable.
• Communicate the solution to the problem orally, in pictures, or in writing.
Show Fluency, Independence, and Ability to Perform in a Range of Settings
Adults performing at Level 2 can easily select and apply the knowledge, skills, and strategies at this level
to independently accomplish simple, well-defined, and structured math tasks in a range of comfortable
and familiar, or highly structured, settings.
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Level 2 Examples of Proficient Performance
Adults performing at Level 2 can select, record and work with simple mathematical information to
accomplish a variety of goals, such as:
• Stay within a set budget while shopping for work clothes
• Determine the area of a room by grouping the square units within the shape and performing
repeated addition
• Describe a simple equation for determining weekly pay based on a consistent, predictable
pattern, such as $5 per hour
• Review a restaurant check for a group of 5 people to see if there are errors; estimate the sales tax
on the meal
• Measure the approximate number of feet of baseboard that will be needed for a room
• Design a garden with at least 2 rectangular flowerbeds; cost out fencing and plants using a
catalogue
• Survey a group on the topic of your choice and create a bar graph to display data; explain
findings
• Listen to 2 weather forecasters and keep track (by graphing) of the actual high and low
temperatures each day for a week to see which forecaster is more accurate
• Use a calculator to add total receipts from 6 cash registers
• Quadruple a recipe for chocolate chip cookies for a community bake sale
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PERFORMANCE LEVEL 3
Use Math to Solve Problems and Communicate
How adults at Level 3 Use Math to Solve Problems and Communicate:
• Understand, interpret, and work with pictures, numbers, and symbolic information.
• Apply knowledge of mathematical concepts and procedures to figure out how to answer a
question, solve a problem, make a prediction, or carry out a task that has a mathematical
dimension.
• Define and select data to be used in solving the problem.
• Determine the degree of precision required by the situation.
• Solve problem using appropriate quantitative procedures and verify that the results are
reasonable.
• Communicate results using a variety of mathematical representations, including graphs, charts,
tables, and algebraic models.

Level 3 Indicators
Use Key Knowledge, Skills, and Strategies
Adults performing at Level 3 can:
• Read, write, and interpret a variety of common mathematical information such as
Numbers and number sense: monetary values, extensions of benchmark fractions (1/8, 1/3, 1/5,
etc), decimals, and percents (15%, 30%, etc.);
Patterns/Functions/Relationships: patterns and simple formulas (such as d=rt, a=lw);
Space/Shape/Measurement: standard units of measurement including fractional units and
benchmark angle measurements (90 degrees, 360 degrees, etc), geometric shapes including
shapes containing a combination of common shapes, concept of pi, and concept of converting
between units of measurement; and
Data/Statistics: ways to interpret and represent data (tables and graphs with scaling, basic
statistical concepts such as range, mode, mean, and median).
• Recall and use a good store of mathematical procedures such as estimation, rounding,
multiplication and division (with and without use of a calculator), adding and subtracting
common fractional amounts, measure length, weight, area and circumference using tools
calibrated to varying degrees of precision and converting units of measurement as appropriate.
• Evaluate the degree of precision needed for the solution.
• Define, select and organize a variety of common mathematical data and measure with appropriate
tools, describe patterns, and/or use appropriate procedures effectively to solve a problem and
verify that the solution is reasonable.
• Communicate the solution to the problem orally, with visual representations, in writing, by entries
in a table or appropriate graph, or with basic statistics (range, mode, mean, median).
Show Fluency, Independence, and Ability to Perform in a Range of Settings
Adults performing at Level 3 can easily select and apply the knowledge, skills, and strategies at this level
to independently accomplish well-defined and structured math tasks in a range of comfortable and
familiar settings.
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Level 3 Examples of Proficient Performance
Adults performing at Level 3 can select, record, and work with mathematical information to accomplish a
variety of goals, such as:
• Figure a tip on a restaurant bill
• Balance a checking account
• Write a children’s book on multiplication facts
• Determine how much flooring is needed for a room by multiplying the length times the width of
the room
• Design a survey regarding a community issue, and collect and organize the results
• Develop a monthly budget
• Design a garden to get the most space with the least amount of fencing needed
• Decide which product to buy based on a comparison of nutritional information
• Figure estimated taxes
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PERFORMANCE LEVEL 4
Use Math to Solve Problems and Communicate
How adults at Level 4 Use Math to Solve Problems and Communicate:
• Understand, interpret, and work with pictures, numbers, and symbolic information.
• Apply knowledge of mathematical concepts and procedures to figure out how to answer a
question, solve a problem, make a prediction, or carry out a task that has a mathematical
dimension.
• Define and select data to be used in solving the problem.
• Determine the degree of precision required by the situation.
• Solve problem using appropriate quantitative procedures and verify that the results are
reasonable.
• Communicate results using a variety of mathematical representations, including graphs, charts,
tables, and algebraic models.

Level 4 Indicators
Use Key Knowledge, Skills, and Strategies
Adults performing at Level 4 can:
• Read, write, and interpret a wide variety of mathematical information such as
Numbers and number sense: money/expenses/prices, percentages, decimals and fractions;
Patterns/Functions/Relationships: patterns and formulas (such as a=πr2);
Space/Shape/Measurement: units of measurement including fractional units, geometrical shapes
including shapes containing a combination of common shapes, and concept of volume; and
Data/Statistics: ways to interpret, represent and draw implications from data (graphs, tables, and
simple forms of statistical analysis).
• Recall and use multi-step mathematical procedures (such as keeping accounts) that involve whole
numbers as well as fractions, decimals, and/or percents, and measure volume using tools with
different calibrations.
• Evaluate the degree of precision needed for the solution.
• Define, select, organize, and integrate mathematical information of different types in carrying out
procedures, describing patterns, and/or measuring with appropriate tools to solve the problem and
to verify that the solution is reasonable.
• Create appropriate visual or graphic representations such as charts, tables, graphs, etc. and clearly
communicate the solution process and results orally or in writing to a variety of audiences.
Show Fluency, Independence, and Ability to Perform in a Range of Settings
Adults performing at Level 4 can easily select and apply the knowledge, skills, and strategies at this level
to independently accomplish structured math tasks in a variety of comfortable and familiar settings.
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Level 4 Examples of Proficient Performance
Adults performing at Level 4 can select, analyze (by categorizing and comparing), and work with
mathematical information to accomplish a variety of goals, such as:
• Design and measure shelves for a closet
• Keep track of monthly income and expenses
• Design a garden and determine the amount of fertilizer, fencing, and plants needed
• Develop a yearly budget and illustrate it by creating a graph
• Create a presentation using assorted charts and graphs to influence a committee
• Choose which car to buy based on information such as down payment required, monthly
installments, and insurance costs
• Record product measurements on a chart to monitor whether the process is in control
• Estimate the gallons of water in an irregularly shaped garden pond in order to purchase the right
amount of pond clarifier

8

Equipped for the Future
Use Math to Solve Problems and Communicate Performance Continuum

PERFORMANCE LEVEL 5
Use Math to Solve Problems and Communicate
How adults at Level 5 Use Math to Solve Problems and Communicate:
• Understand, interpret, and work with pictures, numbers, and symbolic information.
• Apply knowledge of mathematical concepts and procedures to figure out how to answer a
question, solve a problem, make a prediction, or carry out a task that has a mathematical
dimension.
• Define and select data to be used in solving the problem.
• Determine the degree of precision required by the situation.
• Solve problem using appropriate quantitative procedures and verify that the results are
reasonable.
• Communicate results using a variety of mathematical representations, including graphs, charts,
tables and algebraic models.

Level 5 Indicators
Use Key Knowledge, Skills, and Strategies
Adults performing at Level 5 can:
• Read, write, and interpret a wide variety of (often) complex mathematical information such as
Numbers and number sense: money/expenses/pricing;
Patterns/Functions/Relationships: formulas for a variety of calculations;
Space/Shape/Measurement: architectural symbols/ models and scale modeling; and
Data/Statistics: ways to interpret, represent, identify trends in or draw inferences from data
(complex tables and graphs; advanced forms of statistical analysis; graphing equations and
generating equations from data and/or line graphs; using concept of slope).
• Research, select and apply sophisticated, multi-step mathematical concepts and procedures (such
as scale modeling, cost analysis, earnings/deductions analysis)
• Evaluate the degree of precision needed for the solution.
• Independently research, select, organize and integrate mathematical information of different types
in carrying out procedures, describing patterns, and/or measuring with appropriate tools, to solve
the problem and to verify that the solution in reasonable.
• Create appropriate visual or graphic representations such as charts, tables, graphs, etc. and clearly
communicate the solution process and results orally or in writing to a variety of audiences.
Show Fluency, Independence and Ability to Perform in a Range of Settings
Adults performing at Level 5 can easily select and apply the knowledge, skills, and strategies at this level
to independently accomplish minimally structured, complex math tasks in a variety of comfortable and
familiar settings.
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Level 5 Examples of Proficient Performance
Adults performing at Level 5 can select, analyze, integrate, and use mathematical information to
accomplish a variety of goals, such as:
• Analyze effects of deductions on earnings and projecting annual income
• Design a “dream house”
• Use an amortization table to decide whether to refinance the mortgage on a house
• Determine a budget for a grant proposal
• Design an archway or bridge to scale
• Make a decision about how to consolidate bills and credit card payments
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Performance levels for the EFF Content Standard
Use Math to Solve Problems and Communicate
mapped to the NRS Educational Functioning Levels

EFF Use Math to
Solve Problems and
Communicate
Performance Levels

Can be used to define an exit point for the
NRS ABE Educational Functioning Level …

Use Math
Performance Level 1

Beginning Basic Education

Use Math
Performance Level 2

Low Intermediate Basic Education

Use Math
Performance Level 3

High Intermediate Basic Education

Use Math
Performance Level 4

Low Adult Secondary Education

Use Math
Performance Level 5

High Adult Secondary Education
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How to read the EFF Use Math to Solve Problems and Communicate
Performance Continuum
The EFF Use Math to Solve Problems and Communicate Performance Continuum is a
developmental description of performance on the Use Math to Solve Problems and Communicate
Standard. The continuum portrays development along four dimensions: the structure and depth
of knowledge, and the fluency, independence, and range of performance. The five EFF Levels
described here are points along the continuum that serve as benchmarks for key stages in
development and increasing ability to accomplish important activities in daily life that require
adults to use math to solve problems and communicate.
The five levels of performance described in this document cover only a portion of the
performance levels possible. There are aspects of math development and performance that fall
below the performance described in Level 1 and there are many levels of proficiency leading
toward higher levels of expertise beyond the knowledge, skills, strategies, and performance
descriptions at Level 5 on the performance continuum.
The descriptions of performance at each level of the performance continuum are anchored in
analysis of data on adult learner performance. They were developed by analyzing data on use of
the Use Math to Solve Problems and Communicate Standard by adult learners in adult basic
education programs (including adult literacy, adult ESOL, family literacy, and adult secondary
education). This empirical evidence of performance on the standard went through extensive
analysis by research staff and was reviewed and amended by a panel of content experts. At each
step in this process, cognitive science and math theory and research was used to guide and refine
the definition of performance criteria. The number of levels defined for the EFF Use Math to
Solve Problems and Communicate Performance Continuum (five) was determined through
analysis and review of data. Each level describes a qualitatively distinct stage in the development
of proficiency on the standard. Each level builds on the previous levels. Thus, an adult who is
able to perform at Level 3 also has mastered the performance on the Standard described at Levels
1 and 2.
Each performance level on the Use Math to Solve Problems and Communicate Performance
Continuum is described on a single page in this document. Each page is divided into four
sections.
Section 1 is the definition of the Standard. The performance-level description starts with the
components of performance of the standard. These components define the content standard and
they remain the same at each level of performance. This repetition serves as a reminder that the
integrated skill process defined by the components of performance for each standard is constant
across all levels, from novice to expert levels of performance. What changes from level to level
is the growth and complexity of the underlying knowledge base and the resulting increases in
fluency and independence in using the standard to accomplish an increasing range and variety of
tasks.
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This definition of the standard is a useful tool for communicating to adults and their teachers the
essential features of the construct, or set of targeted abilities, for each standard. By making it
clear how the skill process is defined (or “unmasking the construct,” as described by Gitomer &
Bennett, 2002), adult learners are better able to articulate their own learning goals for improving
proficiency and teachers are better able to focus learning and instructional activities that build
toward the goal of increasing ability to use the standard to accomplish everyday activities. Here
is how the standard is defined for all performance levels of Use Math to Solve Problems and
Communicate:
•
•
•
•
•
•

Understand, interpret, and work with pictures, numbers, and symbolic information;
Apply knowledge of mathematical concepts and procedures to figure out how to
answer a question, solve a problem, make a prediction, or carry out a task that has a
mathematical dimension;
Define and select data to be used in solving the problem;
Determine the degree of precision required by the situation;
Solve problem using appropriate quantitative procedures and verify that the results
are reasonable; and
Communicate results using a variety of mathematical representations, including
graphs, charts, tables, and algebraic models.

This definition of the standard is a useful tool for communicating to adults and their teachers the
essential features of the construct, or set of targeted abilities, for each standard. By making it
clear how the skill process is defined (or “unmasking the construct,” as described by Gitomer &
Bennett, 2002), adult learners are better able to articulate their own learning goals for improving
proficiency and teachers are better able to focus learning and instructional activities that build
toward the goal of increasing ability to use the standard to accomplish everyday activities.
Section 2 is a list of key knowledge, skills and strategies that can be observed in proficient
performance at that level. These are the primary indicators (or benchmarks) of the growth and
organization of the knowledge base needed for proficient performance on the standard at each
level. This list is thus of central importance for designing assessments to measure performance
on the standard. Because the performance levels are designed primarily as guides for assessment
and not as a curriculum framework, the list does not specify details of knowledge, skills, and
strategies that might be studied and taught. Nonetheless, the list can serve as a way of
identifying instructional objectives for each level and provides a guide for developing criteria for
placement of learners in instructional levels.
Because this list of key knowledge, skills, and strategies focuses only on those features of
performance that indicate qualitative changes in what a learner knows and can do, it can be used
by curriculum developers and instructors to set instructional objectives for each level and to
develop more detailed curricula or learning plans that will prepare learners to develop these
abilities, meet the criteria, and move on to the next level in their development of expertise.
Section 3 defines the fluency, independence and ability to perform in a range of settings
expected for proficient performance on the standard at each level. Together with the descriptions
of key knowledge, skills, and strategies, these descriptions serve as the primary behavioral
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indicators (benchmarks) of proficient performance at each level. As such, section 3 descriptions
also provide a basis for designing learning, instruction and assessment that is appropriate to that
level.
Section 4 of the performance level descriptions provides a short list of examples of the purposes
for using math (math activities) that can be accomplished by an adult who is performing at each
level. Like Sections 2 and 3, the descriptions of math activities in Section 4 are specific to each
performance level. These examples of things that adults can accomplish in the real world at each
level of performance are useful to adult learners and to their teachers as ways of making concrete
the purpose and need for attaining increasing knowledge and proficiency in math. By making it
clear what can be accomplished at each level, the descriptions of math activities in Section 3 also
provide motivation for higher levels of learning. The listing of real-world accomplishments also
provides guidance for selecting and designing the content for instructional materials and
assessments.
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Notes on the Research Base for the Use Math to Solve Problems and
Communicate Standard and Performance Continuum
In recent years, researchers and educators in the United States and abroad have been
moving towards a common identification of the mathematics that adults need to function
well in the world, to prepare for further education or training programs, and to prepare for
and function well within the workforce. While the empirical research in adults’
mathematics learning still is limited, the development of the Use Math to Solve Problems
and Communicate Standard and Performance Continuum has been informed by and
builds upon the extensive cognitive research on children’s learning of mathematics,
parallel standards development for the K–12 system, and the input of the business
community.
It is clear that people learn mathematics that is useful to them in many settings outside of
the classroom. Frequently the ways adults perform mathematical tasks are predicated on
strategies that make sense in the environment in which they were developed and
demonstrate a flexibility and conceptual basis that is closely tied to the context in which
they are used. However, these procedures and strategies are often quite different from the
decontextualized procedures and strategies that are taught in formal schooling. For some,
the informal strategies and procedures were developed and are used alongside existing
school-based strategies and procedures (Lave, Murtaugh, & de la Rocha, 1984). For
others who did not attend school, informal strategies and procedures were developed to
meet real-world needs (Nunes, Schliemann, Carraher, 1993; Millroy, 1992).
Adult learners in the United States generally have experienced some schooling and show
evidence of both school-based and informally developed procedures and strategies.
However, the knowledge and skills they have typically are fragmented and patchy and
may be accompanied by “buggy” algorithms, misunderstandings and negative attitudes
(Ginsburg, Gal & Schuh, 1996; Ginsburg & Gal, 1997; similar findings in the United
Kingdom and the Netherlands: Evans, 2000; van Groenestijn, 2001). To fill the gaps in
adults’ conceptual understanding and to address the limitations of their informal and
formal mathematics knowledge, the Use Math to Solve Problems and Communicate
Standard and Performance Continuum emphasize the following:
• the development of facility with multiple representations of mathematical
concepts,
• movement from the familiar and meaningful to the less familiar,
• connections within and across mathematical procedures, and
• the reality of multiple effective strategies to achieve the same ends.
By embedding the mathematics in realistic contexts, the boundaries and limitations
between formal and informal mathematics are lessened, reducing the difficulty of
transferring knowledge from decontextualized instruction to application within real
world contexts.
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The Performance Continuum for the EFF Use Math to Solve Problems and Communicate
Standard highlights the importance of contextualized and transferable learning for adults
at each level by:
• describing the fluent and independent application of the standard that is possible
in a range of settings and
• providing concrete examples of that application — “illustrative activities” in
which adults can apply the key math knowledge, skills and strategies on the
continuum.
These examples provide guidance for planning contextualized, level-appropriate
instruction that may support transfer of math knowledge to real-world adult tasks.
In addition to the issues of adults’ ‘patchy’ knowledge, ‘buggy’ algorithms and negative
attitudes, the adult basic education system faces the challenge of designing instruction for
adults who do not remain in educational programs for predictable amounts of time.
Adults’ needs for ‘just-in-time’ learning do not match the type of mathematics instruction
found in most adult education (as well as K-12) programs. This traditional instruction is
based on a linear sequencing of mathematics learning: numerical computation procedures
in sequence (addition, subtraction, multiplication, division, fractions, decimals, percents),
then algebra, then geometry, and then data and statistics. Research in K–12 education has
shown that mathematics learning benefits from the simultaneous development of
algebraic reasoning, measurement and shape, and understanding of data throughout the
course of instruction. This simultaneous development is called the parallel strands
approach to instruction (National Council of Teachers of Mathematics, 1989 & 2000), an
approach which is a better fit with adults’ learning needs.
The definition of the EFF Use Math to Solve Problems and Communicate Standard — an
integrated process of competent application of math knowledge and strategies in a
meaningful context to meet an adult purpose — supports the kind of teaching and
learning in parallel content areas that the cognitive science research suggests may be
most effective in developing learners’ ability to use mathematics to solve problems.
Components of the standard definition address development of procedural fluency,
conceptual understanding and strategic competence, so that ability in all these areas is the
focus of instruction. The Performance Continuum for the standard provides guidance
concerning the kinds of procedural knowledge, conceptual understanding, and strategic
competence that are the appropriate focus for instruction at each EFF level.

Support for the Continuum and Performance Levels in Numeracy
Theory and Research
Procedural Fluency, Conceptual Understanding and Strategic Competence
Cognitive science research on learning and the development of expertise suggests that the
ability to use mathematics to solve problems requires not only procedural fluency, but
also conceptual understanding and strategic competence (Bransford, Brown, & Cocking,
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1999; National Research Council, 2001; National Assessment Governing Board, 2000;
Senk & Thompson, 2003). Expertise in mathematics as well as in other contexts requires
that pertinent information be organized around important concepts and ideas rather than
around surface features (Scribner, 1984; Chi & Koeske, 1983; Ma, 1999). Procedural
fluency and automaticity relieve cognitive overload and are goals for computation,
pattern recognition, and identification of problem types as well (Simon, 1980; Bransford,
Brown & Cocking, 2000).
Traditionally, mathematics instruction in the U.S. has been relatively successful at
developing procedural knowledge, generally meaning computation. Recent research has
focused on how conceptual understanding and strategic competence can also be
developed and documented. This research suggests that instructional strategies that build
on prior learning and experience, embed new ideas within meaningful contexts, use
multiple representations, and provide structured opportunities for classroom discourse
about alternative strategies seem to be effective for developing conceptual understanding.
Multiple representations, in particular, help learners make connections and thus, meaning,
by facilitating the relationship between the concrete and abstract (Markovits & Sowder,
1991; Duvall, 1999; National Research Council, 2001).
The importance of procedural fluency, conceptual understanding, and strategic
competence is highlighted at all levels of the Use Math to Solve Problems and
Communicate Performance Continuum. In the case of procedural fluency, the descriptors
at each of the five EFF levels suggest increased complexity and sophistication of
procedures available to an adult as mathematical proficiency increases.
Conceptual understanding and strategic competence as “strands” of developing math
proficiency are also represented at each level of the Performance Continuum. Note, in the
following definition of the components of the standard at each level, that the concept of
“developing problem-solving ability” encompasses not only the increasing complexity of
the mathematical information and procedures involved, but also the increasing level of
reasoning or “mathematical thinking” needed. Furthermore, the final component of the
definition at each level points to the critical role of multiple representations of
mathematical ideas, and the ability to communicate with them, in the development of
conceptual understanding.
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Excerpts from Use Math to Solve Problems and Communicate Performance Continuum – Levels 1-5
Level 1
Evaluate the degree of precision needed for the solution.
Extract discrete information from simple and concrete data and graphs and measure with appropriate tools, describe
patterns, and/or use computational procedures effectively to solve a problem and to verify that the solution is
reasonable.
Communicate the solution to the problem orally, in role plays, with pictures, or by entries on a simple chart.
Level 2
Evaluate the degree of precision needed for the solution.
Define, select, and organize simple data and measure with appropriate tools, describe patterns, and/or use
computational procedures effectively to solve a problem and to verify that the solution is reasonable.
Communicate the solution to the problem orally, in pictures, or in writing.
Level 3
Evaluate the degree of precision needed for the solution.
Define, select and convert a variety of common mathematical data and measure with appropriate tools, describe
patterns, and/or use appropriate procedures effectively to solve a problem and verify that the solution is reasonable.
Communicate the solution to the problem orally, with visual representations, in writing, or by entries in a chart.
Level 4
Evaluate the degree of precision needed for the solution.
Define, select, convert, and integrate mathematical information of different types in carrying out procedures,
describing patterns, and/or measuring with appropriate tools to solve the problem and to verify that the solution is
reasonable.
Create visual or graphic representations such as charts, tables, graphs, etc. and clearly communicate the solution
process and results orally or in writing to a variety of audiences.
Level 5
Evaluate the degree of precision needed for the solution.
Independently research, select, organize, and integrate mathematical information of different types in carrying out
procedures, describing patterns, and/or measuring with appropriate tools to solve the problem and to verify that the
solution in reasonable.
Create visual or graphic representations such as charts, tables, graphs, etc. and clearly communicate the solution
process and results orally or in writing to a variety of audiences.

Meaningful Contexts and Representations
As part of the redesign of the 1992 International Adult Literacy Survey (IALS), a
numeracy survey was developed to assess the distribution of basic skills in adult
populations of participating countries. The developers of the paper describing the
concepts underlying the assessment recognized that mathematical ideas are embedded
within contexts and may be represented in a range of ways, including objects and
pictures, numbers and symbols, formulas, diagrams and maps, graphs and tables, and
texts (http://www.ets.org/all/numeracy.pdf). The importance of embedding teaching
math (and other skills) in meaningful contexts was also emphasized in the SCANS report
(1993) and is an integral part of national adult education standards in Australia and the
United Kingdom.
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Parallel Content Strands
Within the United States, the National Council of Teachers of Mathematics issued a
major standards document (1989, 2000) based on cognitive science research (Kilpatrick,
Martin & Schifter, 2003). The Adult Numeracy Network developed a framework for
adult numeracy, adapting the NCTM standards for an adult education audience (Curry,
Schmitt & Waldron, 1996). Both of these documents assume parallel instruction and
learning of the content strands of number, data, measurement and shape, and algebraic
reasoning. The sections below discuss each of these content strands in detail.
Number and number sense
Adults come to ABE instruction with varying and patchy intuitions, procedural skills and
conceptual understanding of number and computation, number sense, estimation, mental
math and numerical relationships, based on their prior formal learning as well as on
informal or work-related experiences. For example, Ginsburg & Gal (1997) found that
among 60 adult learners of varying “grade level” achievement, as determined by
standardized test scores, virtually everyone understood and could use the benchmark
percent, 50%, effectively, with somewhat fewer able to use 25% effectively. Between one
third and one half (depending on the task) of all learners performed better on mental and
visual percent tasks than on mathematically equivalent written computation tasks. A
smaller group performed better on computation tasks than on mental or visual tasks
requiring more conceptual understanding and flexible problem-solving strategies. To
insure that computation can be used appropriately, it must be tied to meaningful
representations. Similarly, to help adults manage complex tasks that require fluent and
automatic computation, adults need to see how computational algorithms might model or
complement their mental mathematics.
Research with children has provided a number of indications to suggest that working
from context towards more abstract understanding is beneficial, that benchmark numbers
are useful, and that the mathematics “ladder” is not inviolate. Students who worked on
decimal problems presented in familiar contexts made significantly more progress than
those who worked on problems without a context and less able students were able to take
advantage of their everyday knowledge of decimals to make sense of their problem
situations (Irwin, 2001). Markovits and Sowder (1994) documented the efficacy of using
benchmark numbers in conceptualizing fractions and decimals and the usefulness of
making clear the relationships of topics throughout instruction. Moss and Case (1999)
found that it was beneficial for fourth-grade students to begin their study of rational
numbers from percent, a concept familiar to them, and then proceed to investigate
decimals and then fractions — a sequence reversed from traditional instruction.
The first component of performance in the EFF Use Math to Solve Problems and
Communicate standard definition accounts for the four simultaneous and connected math
content strands supported by the research. Note in the italicized words below how the
EFF Performance Continuum attends to numbers and number sense at each level:
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Excerpts from Use Math to Solve Problems and Communicate Performance Continuum – Levels 1-5
Level 1
Read, write, and interpret very simple types of mathematical information such as whole numbers (up to three
digits), common monetary values, and benchmark fractions (1/2, 1/4) and percents (50%); very simple patterns,
commonly-used denominations/groupings (5s, 10s, 25s), and very simple proportions (2:1, 1:2); high frequency
standard units of measurement (pounds, feet, quarts, gallons), geometric shapes, and concepts of length and
width; and very simple ways to interpret and represent data (checksheets, picture graphs, unambiguous bar
graphs, line plots) emphasizing frequency of occurrence.

Level 2
Read, write, and interpret some common types of mathematical information such as whole numbers, monetary
values and prices, benchmark fractions (3/4, 1/10), decimals (.25, .50, .75, .10) and percents (25%, 75%, 10%,
100%); simple patterns, probability and proportions (1:4, 4:1); commonly used standard units of measurement
and common geometric shapes, and the concept of “area”; and simple ways to interpret and represent data
(tables, bar graphs with and without gridlines, line graphs and pie graphs).
Level 3
Read, write, and interpret a variety of common mathematical information such as monetary values, extensions
of benchmark fractions (1/8, 1/3, 1/5, etc), decimals, and percents (15%, 30%, etc.); patterns and simple
formulas (such as d=rt, a=lw); standard units of measurement including fractional units and benchmark angle
measurements (90 degrees, 360 degrees, etc.), geometric shapes including shapes containing a combination of
common shapes, concept of pi, and concept of converting between units of measurement; and ways to interpret
and represent data (tables and graphs with scaling, basic statistical concepts such as range, mode, mean and
median).
Level 4
Read, write, and interpret a wide variety of mathematical information such as money/expenses/prices,
percentages, decimals and fractions; patterns and formulas (such as a=πr2); units of measurement including
fractional units, geometrical shapes including shapes containing a combination of common shapes, and concept
of volume; and ways to interpret, represent, and draw implications from data (charts and tables, pie graphs, and
simple forms of statistical analysis).
Level 5
Read, write, and interpret a wide variety of (often) complex mathematical information such as
money/expenses/pricing; formulas for a variety of calculations; architectural symbols/ models and scale
modeling; and ways to interpret, represent, identify trends in or draw inferences from data (complex tables and
graphs, advanced forms of statistical analysis, graphing equations and generating equations from data and/or
line graphs, using concept of slope).

Patterns, functions, and algebraic thinking
Algebra has been labeled the gatekeeper for success in school and at work and (Moses &
Cobb, 2002; Chazan & Bethell, 1998); however many adult education learners never
have the opportunity to study formal algebra because their learning time is focused on
mastering computation. From the research with children (and the early reports from the
EMPower Project for ABE learners at TERC, see Ready, 2001) early exposure to
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algebraic concepts embedded in real world contexts with an emphasis on multiple
representations would likely help adult learners prepare for and succeed with the algebra
they will need for further education and work.
Many high school students who do study algebra have difficulty understanding the
relationship between the symbol manipulation that is the focus of much algebra
instruction and graphical or tabular representations that are meaningful to them (McCoy,
1994). Researchers are beginning to focus on the development of algebraic thinking as a
continuum that can begin in early grades with the exploration of patterns and functions
within concrete or realistic problem settings, leading to “progressive formalizations”
(Kaput, 1995; Chazan & Yerushalmy, 2003). Crucial to this work has been an emphasis
on multiple representations (including verbal, symbolic, tabular and graphical) and
anchoring learning in meaningful contexts that have assisted students in communicating
with each other, clarifying meaning, and making connections among concepts (Bressner,
Mayer, Moseley, Brar, Curan, Reed, & Webb, 1997).
Researchers have documented the ability of third-grade students to generalize
symbolically from their number manipulations and appreciate beginning algebraic
notions such as the impact of equal operations to equal things and variable (Schliemann,
Goodrow & Lara-Roth, 2001; Schliemann & Carraher, 2002). Brenner, Mayer, Moseley,
Brar, Duran, Reed & Webb (1997) found that given opportunity to focus on multiple
representations of concepts within meaningful contexts with an emphasis on solution
process, middle school pre-algebra students were better able to apply their knowledge to
function-based word problems than were students whose instruction focused on symbol
manipulation.
Note in the italicized words below how the EFF Performance Continuum attends to
patterns, functions, and algebraic thinking at each level:
Excerpts from Use Math to Solve Problems and Communicate Performance Continuum – Levels 1-5
Level 1
Read, write, and interpret very simple types of mathematical information such as whole numbers (up to three digits),
common monetary values, and benchmark fractions (1/2, 1/4) and percents (50%); very simple patterns, commonlyused denominations/groupings (5s, 10s, 25s), and very simple proportions (2:1, 1:2); high frequency standard units of
measurement (pounds, feet, quarts, gallons), geometric shapes, and concepts of length and width; and very simple
ways to interpret and represent data (checksheets, picture graphs, unambiguous bar graphs, line plots) emphasizing
frequency of occurrence.
Level 2
Read, write, and interpret some common types of mathematical information such as whole numbers, monetary values
and prices, benchmark fractions (3/4, 1/10), decimals (.25, .50, .75, .10) and percents (25%, 75%, 10%, 100%); simple
patterns, probability and proportions (1:4, 4:1); commonly used standard units of measurement and common
geometric shapes, and the concept of “area”; and simple ways to interpret and represent data (tables, bar graphs with
and without gridlines, line graphs and pie graphs).
Level 3
Read, write, and interpret a variety of common mathematical information such as monetary values, extensions of
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benchmark fractions (1/8, 1/3, 1/5, etc), decimals, and percents (15%, 30%, etc.); patterns and simple formulas (such
as d=rt, a=lw); standard units of measurement including fractional units and benchmark angle measurements (90
degrees, 360 degrees, etc.), geometric shapes including shapes containing a combination of common shapes, concept
of pi, and concept of converting between units of measurement; and ways to interpret and represent data (tables and
graphs with scaling, basic statistical concepts such as range, mode, mean and median).
Level 4
Read, write, and interpret a wide variety of mathematical information such as money/expenses/prices, percentages,
decimals and fractions; patterns and formulas (such as a=πr2); units of measurement including fractional units,
geometrical shapes including shapes containing a combination of common shapes, and concept of volume; and ways
to interpret, represent, and draw implications from data (charts and tables, pie graphs, and simple forms of statistical
analysis).
Level 5
Read, write, and interpret a wide variety of (often) complex mathematical information such as
money/expenses/pricing; formulas for a variety of calculations; architectural symbols/ models and scale modeling;
and ways to interpret, represent, identify trends in or draw inferences from data (complex tables and graphs,
advanced forms of statistical analysis, graphing equations and generating equations from data and/or line graphs,
using concept of slope).

Data, data analysis and statistics
In the 21st century, adults encounter data at every corner and must make decisions based
on their understanding of data and its interpretation. Conceptions of sampling, bias,
appropriate display of data and meaningful summary statistics are necessary for good
judgments. These concepts are immediately useful to adults but are not necessarily
predicated on computational fluency or advanced mathematical abilities. Indeed, Lesh,
Amit and Schorr (1997) found that middle school students, “even those who traditionally
do not perform well in mathematics, can invent more powerful ideas relating to trends,
averages, and graphical representations of data than their teachers ever anticipated” (p.
65).
Addressing adults’ real-world need to study data, data analysis, and statistics while they
are learning other mathematics content will reduce the risk that they will focus all their
learning time only on computation. Indeed, the numerical aspects of this topic as well as
the multiple and integrated representations of graphs, technology, tables and
mathematical communication and interpretation can be interwoven seamlessly with each
of the other content strands.
Friel, Curcio and Bright (2001) present a taxonomy of skills required for graph
comprehension (pp. 129-132) and a complexity progression for reading and constructing
data displays. These range from the simplest (picture graphs, line plots and numerical bar
graphs); to stacked bar graphs, stem plots and reading pie graphs; to constructing pie
graphs, histograms, box plots and line graphs (pp. 146-150).
Note in the italicized words below how the EFF Performance Continuum attends to data,
data analysis and statistics at each level:
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Excerpts from Use Math to Solve Problems and Communicate Performance Continuum – Levels 1-5
Level 1
Read, write, and interpret very simple types of mathematical information such as whole numbers (up to three
digits), common monetary values, and benchmark fractions (1/2, 1/4) and percents (50%); very simple patterns,
commonly-used denominations/groupings (5s, 10s, 25s), and very simple proportions (2:1, 1:2); high frequency
standard units of measurement (pounds, feet, quarts, gallons), geometric shapes, and concepts of length and width;
and very simple ways to interpret and represent data (checksheets, picture graphs, unambiguous bar graphs, line
plots) emphasizing frequency of occurrence.
Level 2
Read, write, and interpret some common types of mathematical information such as whole numbers, monetary
values and prices, benchmark fractions (3/4, 1/10), decimals (.25, .50, .75, .10) and percents (25%, 75%, 10%,
100%); simple patterns, probability and proportions (1:4, 4:1); commonly used standard units of measurement and
common geometric shapes, and the concept of “area”; and simple ways to interpret and represent data (tables, bar
graphs with and without gridlines, line graphs and pie graphs).
Level 3
Read, write, and interpret a variety of common mathematical information such as monetary values, extensions of
benchmark fractions (1/8, 1/3, 1/5, etc), decimals, and percents (15%, 30%, etc.); patterns and simple formulas
(such as d=rt, a=lw); standard units of measurement including fractional units and benchmark angle measurements
(90 degrees, 360 degrees, etc.), geometric shapes including shapes containing a combination of common shapes,
concept of pi, and concept of converting between units of measurement; and ways to interpret and represent data
(tables and graphs with scaling, basic statistical concepts such as range, mode, mean and median).

Level 4
Read, write, and interpret a wide variety of mathematical information such as money/expenses/prices, percentages,
decimals and fractions; patterns and formulas (such as a=πr2); units of measurement including fractional units,
geometrical shapes including shapes containing a combination of common shapes, and concept of volume; and
ways to interpret, represent, and draw implications from data (charts and tables, pie graphs, and simple forms of
statistical analysis).
Level 5
Read, write, and interpret a wide variety of (often) complex mathematical information such as
money/expenses/pricing; formulas for a variety of calculations; architectural symbols/ models and scale modeling;
and ways to interpret, represent, identify trends in or draw inferences from data (complex tables and graphs,
advanced forms of statistical analysis, graphing equations and generating equations from data and/or line graphs,
using concept of slope).

Measurement and spatial sense
All adults need to measure using a variety of measurement tools and techniques in work
settings as well as at home. Issues of estimation, precision and accuracy arise in cooking,
map reading, scale drawings, building and decorating. Adult learners bring with them
some experience with measurement and measurement tools and this familiarity can
provide a meaningful context for explorations of shape and number.
Much of the research on measurement focuses on how children come to understand
concepts of length, area, volume, and angle (Lehrer, 2003). Adult learners may be
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familiar with these concepts but may not be able to use them in a functional way. The
adults may need to develop skills in the mathematics underlying the use of the
measurement tools (for example, rulers with sixteenths, measuring cups with thirds, the
proportion of scale drawings). Adult learners in the United States often are given formula
sheets with instruction on substituting numbers within the formulae. However, if they
have little idea of the meaning of the formulae and, in fact, the use of formulae before
developing meaningful conceptual understanding, it is possible that, like groups of
middle school students, they will be less likely to develop the needed conceptual
understanding (Persek and Kirshner, 2000).
Note in the italicized words below how the EFF Performance Continuum attends to
measurement and spatial sense at each level:
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Excerpts from Use Math to Solve Problems and Communicate Performance Continuum – Levels 1-5
Level 1
Read, write, and interpret very simple types of mathematical information such as whole numbers (up to three digits),
common monetary values, and benchmark fractions (1/2, 1/4) and percents (50%); very simple patterns, commonlyused denominations/groupings (5s, 10s, 25s), and very simple proportions (2:1, 1:2); high frequency standard units of
measurement (pounds, feet, quarts, gallons), geometric shapes, and concepts of length and width; and very simple ways
to interpret and represent data (checksheets, picture graphs, unambiguous bar graphs, line plots) emphasizing frequency
of occurrence.
Level 2
Read, write, and interpret some common types of mathematical information such as whole numbers, monetary values
and prices, benchmark fractions (3/4, 1/10), decimals (.25, .50, .75, .10) and percents (25%, 75%, 10%, 100%); simple
patterns, probability and proportions (1:4, 4:1); commonly used standard units of measurement and common geometric
shapes, and the concept of “area”; and simple ways to interpret and represent data (tables, bar graphs with and without
gridlines, line graphs and pie graphs).
Level 3
Read, write, and interpret a variety of common mathematical information such as monetary values, extensions of
benchmark fractions (1/8, 1/3, 1/5, etc), decimals, and percents (15%, 30%, etc.); patterns and simple formulas (such as
d=rt, a=lw); standard units of measurement including fractional units and benchmark angle measurements (90 degrees,
360 degrees, etc.), geometric shapes including shapes containing a combination of common shapes, concept of pi, and
concept of converting between units of measurement; and ways to interpret and represent data (tables and graphs with
scaling, basic statistical concepts such as range, mode, mean and median).
Level 4
Read, write, and interpret a wide variety of mathematical information such as money/expenses/prices, percentages,
decimals and fractions; patterns and formulas (such as a=πr2); units of measurement including fractional units,
geometrical shapes including shapes containing a combination of common shapes, and concept of volume; and ways to
interpret, represent, and draw implications from data (charts and tables, pie graphs, and simple forms of statistical
analysis).
Level 5
Read, write, and interpret a wide variety of (often) complex mathematical information such as money/expenses/pricing;
formulas for a variety of calculations; architectural symbols/ models and scale modeling; and ways to interpret,
represent, identify trends in or draw inferences from data (complex tables and graphs, advanced forms of statistical
analysis, graphing equations and generating equations from data and/or line graphs, using concept of slope).

25

Equipped for the Future
Use Math to Solve Problems and Communicate Performance Continuum

References cited in this section
Bransford, J.D., Brown, A.L., & Cocking, R.R. (Eds.) (1999). How people learn: Brain, mind,
experience, and school. Washington, DC: National Academy Press.
Brenner, M.E., Mayer, R.E., Moseley, B., Brar, T., Curan, R., Reed, B.S. & Webb, D. (1997).
Learning by understanding: The role of multiple representations in learning algebra. American
Educational Research Journal. 34 (4), 663-689.
Carraher, D., Brizuela, B.M., & Schliemann, A.D. (2000). Bringing out the algebraic character
of arithmetic: Instantiating variables in addition and subtraction. Paper presented at the 24th
annual Psychology of Mathematics Education Conference, Hiroshima, Japan.
Chazan, D. & Bethell, S.C. (1998). Working with algebra. In High school mathematics at work.
Mathematical Sciences Education Board, National Research Council. Washington, DC: National
Academy Press.
Chazan, D. & Yerushalmy, M. ((2003). On appreciating the cognitive complexity of school
algebra: Research on algebra learning and directions of curricular change. In J. Kilpatrick, W.G.
Martin, & D. Schifter (Eds.) A research companion to principles and standards for school
mathematics (pp. 123-150). Reston, VA: National Council of Teachers of Mathematics.
Chi, M.T.H., & Koeske, R.D. (1983). Network representation of a child’s dinosaur knowledge.
Developmental Psychology, 19, 29-30.
Curry, D., Schmitt, M. J., & Waldron, S. (1996). A framework for adult numeracy standards: The
mathematical skills and abilities adults need to be Equipped for the Future. Washington, DC:
National Institute for Literacy.
Duvall, R. (1999). Representation, vision, and visualization: Cognitive functions in mathematical
thinking. Basic issues for learning. In F. Hitt & M. Santos (Eds.), Proceedings of the twenty-first
annual meeting of the North American Chapter of the International Group for the Psychology of
Mathematics Education (vol. 1, pp. 3-26). Columbus, OH: ERIC.
Evans, J. (2000). Adults’ mathematical thinking and emotions: A study of numerate practices.
New York: Routledge Falmer.
Friel, S.N., Curcio, F.R., & Bright, G.W. (2001). Making sense of graphs: Critical factors
influencing comprehension and instructional implications. Journal for Research in Mathematics
Education, 32, 124-158.
Ginsburg, L. & Gal, I. (1997). Uncovering the knowledge adult learners bring to class. In G.E.
FitzSimons (Ed.), Adults returning to study mathematics. (pp. 55-61). Adelaide, SA, Australia:
Australian Association of Mathematics Teachers.
Ginsburg, L., Gal, I. & Schuh, A. (1995). What does “100% juice“ mean?: Exploring adult
learners’ informal knowledge of percent (Technical Report No. TR95-06). Philadelphia:

26

Equipped for the Future
Use Math to Solve Problems and Communicate Performance Continuum
University of Pennsylvania, National Center on Adult Literacy. Available at
<www.literacyonline.org/products/ncal/pdf/TR9506.pdf>
Groenestijn, M. van. (2001). Assessment of math skills in ABE. In Proceedings of ALM-7:
Seventh International Conference of Adult Learning Mathematics — A Research Forum. (pp. 6671). Cambridge, MA: Harvard University, National Center for the Study of Adult Learning and
Literacy.
Hiebert, J. & Carpenter, T.P. (1992). Learning and teaching with understanding. In D. A. Grouws
(Ed.), Handbook of research on mathematics teaching and learning (pp. 65-97). New York:
Macmillan Publishing Co.
Irwin, K. C. (2001). Using everyday knowledge of decimals to enhance understanding. Journal
for Research in Mathematics Education, 32 (4), 399-420.
Kaput, J. (1995). A research base supporting long term algebra reform? Plenary Lecture, In D.T.
Owens, M.K. Reed, & G.M. Millsaps (Eds.), Proceedings of the Seventeenth Annual Meeting of
the North American Chapter of the International Group for the Psychology of Mathematics
Education (pp. 71-94). Columbus, OH: ERIC Clearinghouse for Science, mathematics, and
Environmental Education.
Lampert, M. (1990). When the problem is not the question and the solution is not the answer:
Mathematical knowing and teaching. American Educational Research Journal. 27(1). 29-63.
Lave, J., Murtaugh, M., & de la Rocha, O. (1984). The dialectic of arithmetic in grocery
shopping. In B. Rogoff & J. Lave (Eds.), Everday cognition: Its development in social context
(pp.. 67-97). Cambridge, MA: Harvard University Press.
Lehrer, R. (2003). Developing understanding of measurement. In J. Kilpatrick, W.G. Martin, &
D. Schifter (Eds.) A research companion to principles and standards for school mathematics (pp.
179-192). Reston, VA: National Council of Teachers of Mathematics.
Lesh, R., Amit, M. & Schorr, R.Y. (1997). Using “real-life “ problems to prompt students to
construct conceptual models for statistical reasoning. In I. Gal & J. Garfield (Eds.), The
assessment challenge in statistics education (pp. 65-84). Burke, VA: IOS Press.
Ma, L. (1999). Knowing and teaching elementary mathematics. Mahwah, NJ: Lawrence Erlbaum.
Markovits, Z. & Sowder, J. (1991). Stents’ understanding of the relationship between factions and
decimals. Focus on Learning Problems in Mathematics, 13(1), 3-11.
Markovits, Z. & Sowder, J. (1994). Developing number sense: An intervention study in grade 7.
Journal for Research in Mathematics Education, 25(1) 4-29.
McCoy, L. (1994). Multi-tasking algebra representation. In Proceedings of the Sixteenth Annual
Meeting of the North American Chapter of the International Group for the Psychology of
Mathematics Education (pp. 173-179). Baton Rouge, LA: Louisiana State University.
Millroy, W.L. (1992). An ethnographic study of the mathematical ideas of a group of carpenters.
Monograph No. 5. Journal for Research in Mathematics Education.

27

Equipped for the Future
Use Math to Solve Problems and Communicate Performance Continuum
Moses, R. & Cobb, C.E. (2002). Radical equations: Math literacy & civil rights. Boston: Beacon
Press.
Moss, J. & Case, R. (1999). Developing children’s understanding of the rational numbers: A new
model and an experimental curriculum. Journal for Research in Mathematics Education, 30(2),
122-147.
National Assessment Governing Board. (2000). Mathematics framework for the 1996 and 2000
National Assessment of Educational Progress. Washington, DC: Author. Available:
http://www.nagb.org/pubs/96-2000math/toc.html.
National Council of Teachers of Mathematics. (1989). Curriculum and evaluation standards for
school mathematics. Reston, VA: author.
National Council of Teachers of Mathematics. (2000). Principles and standards for school
mathematics. Reston, VA: author.
National Research Council. (2001). Adding it up: Helping children learn mathematics. J.
Kilpatrick, J. Swafford, & B. Findell (Eds.). Mathematics Learning Study Committee, Center for
Education, Division of Behavioral and Social Sciences and Education. Washington, DC: National
Academy Press.
Nunes, T., Schliemann, A.D. & Carraher, D.W. (1993). Mathematics in the streets and in schools.
Cambridge, UK: Cambridge University Press.
Pesek, D.D. & Kirshner, D. (2000). Interference of instrumental instruction in subsequent
relational learning. Journal for Research in Mathematics Education, 31 (5), 524-540.
Ready, D. E. (2001). Extending mathematical power - it’s not just kid stuff. Hands On!, 24 (2),
10-11.
Schliemann, A.D., Goodrow, A. & Lara-Roth, S. (2001). Functions and graphs in third grade.
Symposium Paper. NCTM 2001 Research Presession, Orlando, FL. Available
http://filer.weblogger.com/earlyalgebraManilaWebsite/ourpapers/17SchliemannetallNCTM2001.pdf
Schliemann, A.D. & Carraher, D.W. (2002). The evolution of mathematical reasoning: Everyday
versus idealized understandings. Developmental Review, 22, 242-266.
Scribner, S. (1984). Studying working intelligence. In B. Rogoff & J. Lave (Eds.), Everyday
cognition: Its development in social context (pp. 9-40). Cambridge, MA: Harvard University
Press.
Secretary’s Commission on Achieving Necessary Skills. (1993). Teaching the SCANS
Competencies. Washington, DC: U.S. Department of Labor.
Senk, S.L. & Thompson, D.R. (Eds.). (2003). Standards-based school mathematics curricula:
What are they? What do students learn? Mahwah, NJ: Lawrence Erlbaum Associates.

28

Equipped for the Future
Use Math to Solve Problems and Communicate Performance Continuum
Simon, H.A. (1980). Problem solving and education. In D.T. Tuma & R. Reif (Eds.), Problem
solving and education: Issues in teaching and research (pp. 81-96). Hillsdale, NJ: Erlbaum.

29

