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Introduction

TheNo Child Left Behind AqQiNCLB) contains the most sweeping changes to the Elementary and
Secondary Education Act (ESEA) since it was enacted in 1965. figebathe federal
government’s role in primary and secondary education by asking schat@sdwbe their success

in terms of what each student accomplishes. The NCLB requiass30 place an emphasis on
accountability and evidence-based decision making. States and schdotsdagbplying for
federal grant funding will need to demonstrate that their instnucthethodologies, policies,
practices, programs and services are founded on scientifically based research.

The purpose of this white paper is two fold: First, to provide act@ahpbes of how educators are
using MathRealm programs to improve student achievement in mathematics, and second, to
explain the research that theathRealmprograms are based upon.
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Overview of MathRealm

MathRealm provides award-winning curriculum-based mathematics educational aseftier
students in grades 4 through 12 and curriculum management for networks and the internet.

Curriculum

MathRealm offers educators hundreds of state-of-the-art interactive lesssmsing tools,
graphing tools, practice problems and enrichment activities to incoepota their lesson plans.
MathRealmfocuses on concept building, while developing problem solving and logicainieg
skills. MathRealm’s mathematics curriculum content has received outstanding reviemstiie
National Council of Teachers of Mathematiand has won numerous awards for excellence.

MathRealm.com

MathRealm’s curriculum is also available on the internet through a web-basedutum
management platformMathRealm.com MathRealm.com allows educators to create a
customized online syllabus for an individual class or student, drawingeosite’s proprietary
lessons, activities and tools, and educator selected websites. sthdehnt is given their own
personalized online syllabus and can access the learning environorané fschool and home
computer.

MathRealm.com includes a very advanced and integrated testing and worksheet .system
Educators can create worksheets or tests on-line from question batilesy @an use the tools
provided to create their own questions and tests, and deliver them ondinelénts for automatic
grading. MathRealm.comwill track, in a grade book format, student online assignments including
completed lessons, practice problems, worksheets and tests. Individdahtsreports and
aggregate class reports can be generated.

MathRealm.comalso features a whiteboard that allows students to share equtdlias, plots,
and graphs in real-time from any location with internet accébs whiteboard technology, which
permits the sharing of illustrated mathematical concepts, is unique to the educatket.



How Educators are Using MathRealm’s Software

Educators are usinljlathRealm’s software to meet a wide range of needs. Educators use the
software for in-class presentations to visually demonstrate @&pband develop problem-solving
skills, on an individual basis to reinforce math concepts, as welhashment for students who
have mastered the basics. Educators MathRealm’s software to be helpful for struggling
students, average students and advanced students. Below we featurdsoaters who have
integratedMathRealm’ssoftware into their curriculum.

Classroom Learning

Mary Brown, an educator at the Francis Parker Middle School, Sgo 00\, useMathRealm’s
pre-algebra curriculum by projecting the lessons in front of theeerltiss and demonstrating math
concepts. Ms. Brown then has her students go to their own computersclagseoom and work
with the screens she has just shown them as well as the corresponding pracities acti

Ms. Brown incorporatedlathRealm’s software into her classes because the visual and audio
components allow students to hear and see what is going on and thisthesipgo better
understand the concepts. According to Ms. Brown, the visualization of concepts adets@xcip

the learning process and students today relate more to math ld¢aaré accompanied by
graphics, color and sound. Ms. Brown has noted improvement in students’ comprehensidn of mat
concepts since usingathRealm’ssoftware, as measured by in-class discussion and written tests.
In summary, Ms. Brown notes thkathRealm’s software makes math more enjoyable for her
students.

Below are two examples of the lessons Ms. Brown draws upon NtathRealm’s pre-algebra
curriculum.
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In this interactive lesson on prime In this interactive lesson students are
factoring students are first shown how to asked to move the blocks on each side of
prime factor. Then they are given a the balance beam to explore solving an

composite number and some prime equation.

numbers at the bottom of the screen and

asked to drag the number’'s prime factors

onto the gear. 5



Georgina Yglesias, an educator at Western High, Pioneertown, EgslVlathRealm’s geometry
and trigonometry curriculum to help her teach math concepts asawelbr reinforcement
exercises. Ms. Yglesias uses the lessons for in-classnfagses to graphically demonstrate a
concept as well as the practice and activities. Ms. YglésidsMathRealm’ssoftware to be very
effective in improving students’ comprehension of math concepts. Shesatiamprovement in
test scores and in-class participation. According to Ms. Y@glestadents are very receptive to
MathRealm’ssoftware because they can visually work out the problems as a team.

Below are some examples of the screens Ms. Yglesias displays with her &E€Eiqnr

What does € equal?

Students move the protractor to practice This interactive lesson derives the reasoning
measuring angles. of the Pythagorean Theorem and then poses
guestions to test understanding.

Overlaps in a diagram must contain only %“?
objects that meet both criteria. ) ;ﬁ’? ” }%«
Move the triangles on the right to the o N
appropriate region on the Venn diagram. pﬂ« /
r Triangles |
s |

Right ;
Isosceles M'
Triangles Answer
B ;
Students deepen their understanding This lesson derives the area formula of a
of geometric figures and their triangle.

relationships using Venn diagrams.



Individual Learning

Denise Langley, an educator at Northern Middle School, Accident, M3,MiathRealm’s pre-
algebra and geometry curriculum on an individual basis for tutoring taacdyeoup level for in-
class presentations. She presents the lessons, practice arigkswetsring a projector in front of
her entire class. She also uses the software on a one-to-onevitlastuggling students who
need tutoring in math concepts. Ms. Langley fihdathRealm’s software to be effective in
improving student comprehension of math concepts, as measured by test shts. Langley
noted thatMathRealm’s software is more effective than other supplementary math ialatérat
she uses with students.

Below are two screen shots from Ms. Langley’s favorite lessons.
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In this interactive lesson on angles In this interactive lesson on rays students
students move the slider to create are first introduced to rays and then
different size angles. asked questions to ensure that they are

grasping the concej

Kathleen Pitzer, an educator at Ringgold High School, Monongahela, PAyladgRealm’s pre-
algebra curriculum on an individual basis to reinforce and teach noaitepts for troubled
students who have not been able to finish high scr~ -’ . _ .

or are in the process of getting their GED, as well as ~Numerous studies provide evidence
students who are having difficulty in math and are °f the positive role that computer-

) . . . supported approaches can play in
jeopardy of failing. Ms. Pitzer uses the practi the learning of algebra, as well as
component of the software to assess where student g ,gqesting that technolo’gy can be a
Strong or weak in their Understanding of the mater means for making a|gebra accessible
After this assessment is made Ms. Pitzer encourage: to all students, including those who,
student to proceed through the appropriate lessons. for whatever reason, lack skill in
Pitzer finds the software to be effective in improvii pencil-and-paper computation.”

student comprehension of math concepts. She test:
students to make certain they understand what 1
previously could not grasp. Ms. Pitzer finc
MathRealm’s software to be more effective than othe.

-- The authors oAdding It Up: Helping
Children Learn Mathematics



supplementary math materials, “especially for troubled studengsibethey don’t realize they are
learning; they think they are playing on a computer and not readadleok. But testing shows
that they are learning.”

Linda Nichols, an educator at Kenilworth JHS, Petaluma, CA, Msa¢sRealm’s pre-algebra and
trigonometry curriculum on an individual basis to teach math concepts for diffegdrigarning in

her seventh grade AP/gifted program. She uses the softward¢oatta further her students’
knowledge in math versus giving them more work in areas they arachi@ring in. Ms. Nichols
finds MathRealm’s software to be effective in improving students’ comprehension of math
concepts, as measured by in-class participation and test scores. Nithols noted that
MathRealm’s software is more effective than other supplementary math ialatbecause it is
captivating and it allows students to self-pace themselves.

Below are two examples of the type of enrichment activities Ms. Nichols uses.

In this enrichment activity students learn to In this enrichment activity students explore
measure the distance to the closer stars. the golden ratio in art and natural figures.



MathRealm’s Research-Supported Pedagogy

MathRealm carefully reviewed the mathematical pedagogical researclalaieabefore embarking
upon the development of our interactive curriculum. Below we highlightesomthe key
mathematical pedagogical research studiesMiagthRealm’scurriculum is based upon.

Transition to Algebraic Reasoning

A major challenge for many beginning algebra

students is transitioning from procedure based

arithmetic to algebraic thinking. One of the many

methods MathRealm employs to help students

transition from arithmetic reasoning to algebraic

reasoning is pattern development. For example,

students are asked to find the next number in a

sequence (e.g., 3, 6, 12, 24, |, ). Through

activities students are invited to think about how these

patterns are created. The software builds upon the

basic number pattern sequence by asking students to

solve an expression sequence (e.g., n+2, n+7, n+12, | ). In solving these number
sequences students are learning to generate functions and developiggptwal understanding
of a function before being formally introduced to the definition of a function.

MathRealmdrew on the algebra learning research that was designed to utfeoways in which
beginning algebra students think. The research offers considerabléserumn avoiding the
difficulties many beginning algebra students conffolit.one study elementary school teachers
were assisted in modifying their instructional materials amdscbom practices to emphasize
generality using patterns, functions and the notion of variable. Studeteschers who were
given such assistance showed substantial increases in their umdlagsiaf variable and equality
compared with traditionally instructed students in the same gnadleséhool. These students
outperformed other students on items testing number sense from a edarsfatewide
assessment.

Variables

There is substantial research demonstrating that beginning algéltants have difficulty
interpreting letters as variablés. MathRealm created a variable machine to help students
understand the need for variables and assist them in developing @getmassions. Using this
machine, students are provided with numbers to select ranging fro® &ntbvariables (e.g., a, n,
s, t, X) as well as operators, including the addition sign, the minus sign, the muitiplgigh

! National Research Council, 2001, p.263.
2 Blanton and Kaput, 2000.
® For example, Kieran, 1983; Wagner, Rachlin, am$éde, 1984.



and the division sign. The machine has three spaces
where the students can drag and drop the choice of
numbers, variables and operators. In one example
in this activity the student is asked to make the
machine subtract seven from any number. By
dragging the numbers, variables and operators to the
machine, the machine generates the expression and
acknowledges whether or not the selection is
correct.

In designing the variable machindJathRealm

drew on the research that focused on how students

learn to use algebraic letters. One study was designed to sdstretents’ difficulties in
symbolizing algebraic expressiochsStudents were asked to give instructions to an ‘“idealized
mathematics machine.” For example, “I want the machine to addaBytnumber | give it; how
will I write the instructions?” or “I want the machine to add &ang numbers | give it” or “Have
the machine find the area of any square, given a side.” The stupickl/ grasped the idea of
employing letters to write rules. This approach emphasizes #iglnsss of algebra in solving
classes of problems. The majority of the students in the study sigadicant gains in thinking
about the letters in algebraic expressions as taking on multiplesvéfrom 23% correct on the
pretest to 85% correct on the posttest) and in improving their atttbwiard algebra (at the
beginning of the study, they “hated algebra, didn’t understand it” and cowegblthat “letters are
stupid: they don’t mean anything®).

Additional research in which students used actual computers confinegel ¢arly findings, both
with respect to increasing the students’ motivation and developingutidérstanding of algebraic
expressions as general computational procedures.

Algebraic Expressions

Algebra students have difficulty in creating
algebraic expressions and equations. Relying on
research demonstrating the effectiveness of real life
scenarios, MathRealm developed real world
examples to draw students into the process of
crafting equations. In onéathRealm lesson
students are asked to write an equation for the total
monthly cost of using a cell phone, given a rate per
minute and a monthly fee of $25.00. In another
MathRealm lesson students are asked to write an
equation to represent a skydiver's fall to earth,
given that the parachute opens at 3000 feet and then

“ Booth, 1984.
® Booth, 1984, p.44.
® Noss, Hoyles, and Healy, 1997.
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falls to earth at a rate of 3.5 feet per second. These lessons are followed by prabtems.

MathRealm drew on a study that focused on providing a meaningful experience atingre
algebraic expressions, emphasizing the representation of quantigtrenships. Students were
asked to provide an arithmetic representation for a problem before bskegl to give the

algebraic representation. For example, given the situation fhlatrdoing company charges $42
per hour plus $35 for the service call, students are asked to find thef @8-hour service call

and of a 4.5 hour service call. This approach was incorporated into amexygal ninth-grade

algebra curriculum that focuses on the mathematical analysisabstic situations. When the
curriculum was tested in three urban schools, students in the expeiirakasses significantly
outperformed students in comparison classes on tests targetingrticelem’s objectives (38%

correct vs. 18%).

Visual Graphs for Symbolic Expressions

MathRealm’s research showed that equations linked to coordinate graphs are pdaaeisuhn
helping students understand symbolic expressions. The authAdsliaf It Up: Helping Children
Learn Mathematicsiote that computer graphing packages that not only generate coogilaypis
but also link operations to updated tabular and symbolic representationsihdedt feasible for
mathematics teachers to use innovative approdch&athRealm thought the tools that the
research was based upon were elementary and could be significgrtlyed to enhance learning.
MathRealmhas created many improved coordinate graph tools to provide open-endedtiexplora
of algebra concepts. We highlight some of these tools below.

Distance Formula Graph Tool— With distance in kilometers on the y-axis and time in hours on
the x-axis, students can move a slider located to the side ofaple tpat changes the speed. The
distance formula appears to the left of the graph and changessasdéet moves the speed slider.
This tool is incorporated into the “Slope as a Rate” lesson thatpart of the Writing Linear
Equations Unit.

Slope-Intercept Graph Tool — This is a line
equation graphing tool for slope-intercept form.
Students manipulate the slope and intercept
coefficients with sliders to see the graphs and line
equation change.

Line with Slope-Point Graph Tool — This tool
graphs a line from a slope and a point and generates
the slope-intercept form of a linear equation.
Students change the slope and move a point to see
the line and equation change.

" Koedinger, Anderson, Hadley, and Mark, 1997.
8 National Research Council, 2001, p.267.
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Line with Two-Points Graph Tool — This tool graphs a line from two points and calculates the

slope-intercept form of the linear equation. Students move the two points to see thengee cha
Slope-Intercept Graph Tool

Linear Inequality System Tool — This tool graphs a two var ar inequality

system in slope-intercept form. Students manipulate the slope amndeptt coefficients with

sliders.

MathRealm reviewed the research work of one group that developed a computerv@tensi
function-based algebra curriculum focused on problem solving that hasdsted in first-year
algebra classes, as well as college algebra clas$s. curriculum uses several kinds of software
to “develop students’ understanding of algebra concepts and their dbilgplve problems
requiring algebra, before they master symbol manipulation technitfueBests of one group of
students at the end of their first year of algebra showed thaexperimental group did
significantly better than their counterparts from conventional €assimproving their problem-
solving abilities and in comprehending the notion of variable. For exampleonstructing
mathematical representations, the success rates were 48% versus 21%aratimgenathematical
representations, 78% versus 28%; and in planning solutions and solving problemgergid%o
66%, respectively:

Function and Variable Manipulation

MathRealm’sresearch revealed that algebra students were spending too meaimtsgmbolic-
manipulation work and not enough time on thinking about the meaning of the symboli
manipulation results. Many researchers noted that a major behtdithnology is that it allows
students to focus on algebraic concepts of function and variable anatesleguch of the needed
routine symbolic-manipulation work to computing tools. According to Kathlgeid in thdJses

of Technology in Prealgebra and Beginning Algelitee investment of time in teaching students
to use table-generating, curve-fitting, and function-graphing prograyssqgfiain enhancing their
ability to analyze problents.

All of the graphing tools mentioned in the prior sub-
heading, pluMathRealm’sgeneric math tools, are
examples of howMathRealm’s software reduces
the time intensive mechanics of symbolic-
manipulation, freeing up time to focus on analysis.
One more example we will mention is the
exponential growth and decay table and bar graph.
Students change the interest rate and the principal to
see the impact of compound interest. Without the
aid of computer technology here, students would

° Fey, 1989b; Heid, 1988; Heid, Sheets, Matras,Medasian, 1988; O’Callaghan, 1998.
9 Heid, Sheets, Matras, and Menasian, 1988.

! Heid, 1988.

2 Heid, 1990.
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need to spend a great deal of time plugging in numbers, operating oaridesmawing bar graphs.
With this tool the learning objective becomes focused on understandingttire of the growth or
decay curves with varying interest rates.

Geometric Reasoning

Geometric reasoning is difficult for many students
to grasp. Memorizing properties of geometric
figures is wusually not effective in developing
geometric reasoningMathRealm developed a tool

to motivate students to learn and apply geometric
concepts. With MathRealm’s GeoDraw, a
geometric computer programming tool, students
learn about length, the coordinate system, rotation,
interior and exterior angles, logical and geometric
reasoning while writing computer programs to
create geometric figures and designs.

MathRealm created its GeoDraw in response to a study where a group of studeptved
instruction with Logo, a computer programming language with a feétateallowed students to
instruct a figure on the screen to move, tracing a geometri@patlgoes. The students who used
Logo as a construction tool significantly outperformed their peerseasunes of abstracting and
applying geometric properties.

13 Lehrer, Randle, and Sancilio, 1989.
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