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Abstract

When applied to mathematics education, manipalathelp students to visualize
mathematical concepts and apply them to everydagtsins. Interest in mathematics
instruction has increased dramatically over the fvas decades with the introduction of
virtual manipulatives, as opposed to the concretripulatives that have been employed
for centuries. This quasi-experimental study prepa® explain the relationship between
concrete and virtual manipulatives when used ievesth-grade mathematics classroom.
Using students’ mathematics composite scores onlatdized and teacher-created
assessments, it compared the effectiveness of aemggete manipulatives alone versus
using a combination of concrete and virtual marapués. The foundational theory of the
study is that when students can visualize a mathieahaoncept in action, a deeper level
of understanding occurs.

The results of this mixed methods study consystif 44 seventh-grade
students (22 in each group) indicated that coupgtomcrete manipulatives with
virtual manipulatives led to a measureable changedthematics composite scores.
One recommendation is that mathematics educatoosparate both concrete
manipulatives and virtual manipulatives into themthematics curriculum. As the
results of this year-long study indicated, the coration of these two types of
manipulatives enabled the students in this grogctmmplish a measureable change
in tested mathematical ability. Educators needfier their students lessons that are
authentic and interesting in order to hold studattention as they attempt to grasp
the concepts. The different options also provideests with the needed

differentiated instruction to suit their varied leimg styles.
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Chapter One: Introduction
Overview of the Study

This study compared the mathematics assessiwamssof two groups of
seventh-grade students; one group used virtualpukatives paired with hands-on
(concrete) manipulatives, while the other used dwalyds-on manipulatives. The
researcher’s primary interest was to gain insigtd whether students who used a
combination of virtual and concrete manipulativesuld outperform students who used
only concrete manipulatives. The researcher condpsttelents' composite mathematics
scores on both standardized and teacher-createslsassnts, as well as each of two
student groups' written reflections of their leaghusing both concrete and virtual
manipulatives. The research sample consisted e&¥dnth-grade urban public school
students divided into two treatment groups. Groupas taught with the use of both
virtual and concrete manipulatives, while Groughg control group, was taught using
only the concrete manipulatives. The groups weeet@sted using the lowa Test of Basic
Skills (ITBS) prior to the teacher's use of coneratd virtual manipulatives. Following
the use of manipulatives in the mathematics classr@ post-test using the same
standardized instrument, the ITBS, was administevexdheck for growth in mathematics
achievement. The study took place over the periamhe school year.

The purpose of this study was to compare thecaifeness of combining the use
of concrete manipulatives and virtual manipulativégn teaching mathematics to
middle school students. Suh (2005) noted that “&aydnd Higgins published a
comprehensive review of research conducted in grie® on the use of physical

manipulatives, finding that students who used maaipves demonstrated greater
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achievement than those who did not use them” (p.&3tudy published by Parham
(1998) showed conclusively that students who had usanipulatives when learning
mathematics outperformed students who did not lhawstory of using mathematics
manipulatives on the California Achievement TesAT{ The theory behind
mathematics manipulatives is that when studentgliie a mathematical concept in
action, a deeper level of understanding occurs;tttén increases the motivation of the
lower academic achievers, or those students whe &awore difficult time grasping
mathematics concepts (Raines & Clark, 2011; MadSalkind, & Bolyard, 2008). In
addition, increased understanding allows teaclmerepportunity to decrease the amount
of review material at the beginning of the yeausthllowing substantial new growth.
When students retain information, teachers can maveard and teach new material at a
faster pace.

Background of the Problem

Teachers today find that they must employ thetraffective and efficient
instructional methods possible for increasing taidents' cognitive thinking so that
they can function successfully in the rapidly chaggvorld. Therefore, teachers are
searching continuously for instructional ideas atrdtegies that will assist in this process
(Dorwood, 2002).

Theories and research connecting studentsadtiens with physical objects to
mathematical learning have importantly influendeel ¢mergence and use of
manipulatives in K-8 classrooms. Manipulativestamth concrete and virtual objects that
can be used to represent and give meaning to abstedhematical ideas. As Moyer

(2001) explained, “They have visual and tactileesgpo students and can be
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manipulated easily through hands-on experiencesl{f). Concrete manipulatives
encompass any concrete objects that allow studemteplore an idea through an active,
hands-on approach (Battle, 2007; Anstrom, 2006hcBxie manipulatives include tactile
objects, such as pattern blocks, interlocking ceeter cubes, and tangrams. These
objects can enable students to recognize patt@nmher manipulative is the number
line, which depicts both negative and positive narslio help students master integer
addition and subtraction. Factors of ten can beenad through the use of colored
Cuisenaire rods, which vary in length. Researcheisitain that concrete manipulatives
allow students to visualize the math problem(s) tiedefore more easily grasp the
concepts presented during mathematics instrucBattlge, 2007). “Virtual manipulatives
are essentially replicas of physical manipulatipleeed on the World Wide Web in the
form of computer applets with additional advantagefeatures” (Reimer & Moyer,
2005, p. 6). They add interest to the lessons tanghe mathematics classroom. They
enable students to transcend their everyday matieahtninking and add the element of
higher order thinking. Students are eager to usgpaters as a part of their math lessons
and to use these replicas both dynamically andtatigtto enhance their learning.
Interest in mathematics instruction has increasathdtically over the past two
decades with the introduction of virtual manipwat. According to Brooks, Lyons and
Steen (2006), students experiencing difficulty withthematics instruction can
investigate ideas beyond grade-level expectatidrenvprovided with computer-
simulated manipulatives. Students who normally \@dwdve problems with mathematics
instruction can visualize and apply virtual mangiives into their everyday learning

experiences. DeGeorge and Santoro (2004) indich&dvirtual manipulatives offer
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better control and flexibility. Additional researbhs verified that these hands-on
educational experiences, when the virtual manipagdditerally is put into the hands of
the learners, enable students by giving them oppiies to engage in thinking through
the creation of personal expressions (DeGeorger&dsa 2004; Clements, 2006).
Young (2006) explained, “From an instructional si@aoint, virtual manipulatives give
students immediate, corrective feedback” (p. 1) Mi@searchers have asserted that
virtual manipulatives are the perfect tool thatde#o inquiry-based learning and higher-
level problem solving (Clements & McMillen, 1996uBnus & Karakirik, 2006). Suh
and Moyer (2005) found that “low achieving fifthagie students engaged in multiple trial
and error interactions when the virtual manipukativas a part of the lesson. They
entered multiple wrong answers into the applettanaligh guidance and feedback
provided by the appletthey understood the addition procedure” (p. 17t
manipulatives keep students on task because thagtdwave to be passed out and
collected, and they do not get lost, as a sheeapér might. Students can stop working
on an activity, save it, and return at a later ttmeesume their work.

Research suggests that students have trouble atteanpting to move from
concrete to abstract thinking. Heddens (1997) fauadipulatives to be useful in
assisting students as they move from a concreda abstract level of thinking. He added
that the use of manipulatives in the mathematiasstbom accentuates children’s
thought processes, thus causing them to form pafrsoathematical knowledge.
Statement of the Problem

Manipulatives are progressively paving the wathe future of mathematics

instruction; they provide an innovative way to obtenowledge. Some researchers have
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speculated about the differences that using maatipeks would make in everyday
mathematics instruction. In addition, researchtexisat questions whether the use of
manipulatives leads to a measurable increase destiachievement (Boren & Hartshorn,
1990). This study proposed to explain the relatigmand correlation between concrete
and virtual manipulatives when used in a seventtdlgmathematics classroom. As Hunt
et al. (2011) suggested, “Using concrete, followgdirtual manipulatives is
recommended. Once conceptual understanding istieemith concrete manipulatives
the subsequent use of virtual manipulatives seerfectlitate bridging to the abstract
(Hunt, Nipper, & Nash, 2011, p. 6). Clements andWlen (1996) determined that
base-ten blocks virtual manipulatives actually weasier for children to maneuver.
I mportance of the Study

The researcher believes that technology, ifidima of virtual mathematics
manipulatives, in conjunction with the concrete ipatatives already used commonly,
acts as an essential component of enhancing matiecsrimstruction by ensuring
students’ understanding of mathematics concepttudimanipulatives overcome some
of the limitations of concrete manipulatives, sashimited materials, but they also come
with their own set of challenges (Jones, 2003).l@twncrete manipulatives are not a
mandatory part of the mathematics standards, treegammonly used to assist middle
school students. Students having difficulty workargchallenging problem-solving tasks
have had success when given concrete manipulatiaelé them with the challenge
(Jones, 2003).

This study compared the effectiveness of usorgrete manipulatives alone

versus using a combination of concrete and vintahipulatives when teaching
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mathematics to seventh-grade students. The foumgatiheory of the study is that when
students can visualize a mathematical concepttiora@ deeper level of understanding
occurs. Allen (2007) stated that retention in l@agnthe ability to retain facts in

memory, proves measurable when students have pgogtapity to visualize

mathematical concepts (2007). In addition, bett&mntion allows teachers to decrease
the amount of review material incorporated intstess taught at the beginning of the
year, thus allowing substantial new growth. Wherdents are able to understand and
thus retain knowledge, teachers can move forwaddeach new material more quickly.
By giving students concrete ways to view mathersastudents can develop
relationships between background knowledge andkmawledge (Goracke, 2009).
According to the Common Core State Standards (MadyCommon Core State
Curriculum Framework, 2011), mathematically praditi students consider the available
tools when solving a mathematical problem. For epdapymathematically proficient high
school students analyze graphs of functions andieak generated using a graphing
calculator. When making mathematical models, theykthat technology can enable
them to visualize the results of varying assumpti@xplore consequences, and compare
predictions with data. Mathematically proficient@énts at various grade levels can
identify relevant external mathematical resoursash as digital content located on a
website, and use them to pose or solve problemey Tan use technological tools, such
as the manipulatives discussed in this study, pdoeg and deepen their understanding of

concepts (Maryland Common Core State Curriculunmiergork, 2011, p. 5).
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Purpose of the Study

This study utilized a quasi-experimental methogdy to determine if adding
virtual manipulatives to existing concrete manipivks in the seventh-grade
mathematics curriculum would increase studentshemtics composite scores on
standardized and teacher-created assessmenteskdaaher qualitatively compared the
two groups’ written reflections on their own leargiusing manipulatives. Students in the
experimental group completed writing reflectionshet end of the lesson on such topics
as "How did the virtual manipulatives help youearn mathematics today?" and “How
do you feel about using technology in class tod&ttents in the control group
completed written reflections on similar questionig;h as, “How well did you
understand the objective of the lesson today, autigere anything that could have helped
you to learn the lesson easier?" Reflective jouwréding from both the experimental and
control group was qualitatively analyzed in ordegauge students’ motivation, progress,
and attitudes toward the use of both concrete aheblmanipulatives. The classroom
teacher used the class-assigned journal reflecinotige process of improving
mathematics instruction.
Hypotheses and Resear ch Questions

The guiding research question for this study wegw could teacher use of

concrete and virtual manipulatives in mathematissruction improve student
achievement in mathematics?”

Null hypothesis (Ho} Students taught mathematics with virtual manipuéstiin
addition to concrete manipulatives in a seventtdgmraathematics curriculum will not

demonstrate a measureable change in mathematiggosdmscores on standardized and
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teacher-made assessments compared to studentszathlematics with only concrete
manipulatives.

Hypothesis (h) - Students taught mathematics with virtual manipuéiin
addition to concrete manipulatives in a seventlidgmraathematics curriculum will
demonstrate a measureable change in mathematiggosdmscores on standardized and
teacher-made assessments compared to studentsaathlematics with only concrete
manipulatives

The researcher studied the following supportingstjaes:

1. How do students perceive the effectivenessef tharning/understanding when

taught mathematics with both concrete and virtuahipulatives?

2. How does the teacher who has experience usitgcoacrete and virtual

manipulatives to teach mathematics perceive hectfeness when using only concrete
manipulatives?

3. How does the combination of virtual and concresmipulatives affect the academic
performance of students in the area of mathemasicgposed to the use of only concrete
manipulatives?

Variables

The independent variable in this study was tleeaivirtual manipulatives when
teaching mathematics. The dependent variable wagist achievement scores in
mathematics.

Limitations

Potential threats to the validity of the study aseollows:
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Selection of sample. The researcher focused on one teacher in one @tassr
who was
interviewed in the process of determining the éffeness of the treatment. The study
was quasi-experimental, so the researcher useskibing groups rather than randomly
assigning students to the control or experimemnalg, which would not have been
feasible. However, both groups were taught by #mesteacher with the same
curriculum, activities, and assessments.

Timing of instruction. The time of treatment during the day using bothccete
and virtual manipulatives can affect the resultad8nts taught mathematics in the
morning hours might have a different mind-settadie, experiences, and motivation
towards learning than students who were taughhduhe afternoon hours. However,
both groups had the same teacher, the same cumcahd the same assessments. Both
groups in this study were taught mathematics imtbening, the experimental group had
mathematics instruction at 8.30 am and the cognalip was instructed at 9:30 am.

Demographics. Most of the students in the study school came feorironments
characterized by income as lower socioeconomic. ltinelred percent of the students
gualified for free or reduced breakfast and luridie teacher involved with the study
found ample evidence that these students haddittite® home support for academic
learning and were school dependent for all antteighéearning. This caused the
researcher to discount any significant home sudpodcademic strategies initiated
through the school.

Motivation. The researcher reviewed student records to vdrdlyrhany of the



INCREASING MATHEMATICS ACHIEVEMENT SCORES30

students participating in the study had exhibitdtively little, if any, motivation
towards mathematic instruction in previous clas$ésrefore, the researcher was aware
that existing attitudes towards mathematics may teen reflected in a lack of student
motivation towards the use of manipulatives, andesstudents may have chosen not to
be involved in the use of manipulatives.

Student attendance. Irregular student attendance during the study aloitiy
issues of truancy and suspension that remove diiffem the study treatment (the use
of concrete and virtual manipulatives) could affibet validity of results from the
treatment. This not only pertains to general atiecd but also attendance in both the
experimental and control groups, which may have heeequal.

Fidelity. Fidelity, or reliability, pertains to the degreeamsistency in
implementing the treatment program. Based on hsemations within the two
classrooms, the researcher judged the participataitpematics teacher's delivery of
mathematics instruction using both concrete andiafimanipulatives as valid based on
the high consistency of application.

L oss of participants. The school and district work daily with a very miebi
school population. Student transiency during a schear can reach as high as 25%, thus
adversely affecting the cumulative benefits of ¢stiemnt mathematics instruction using
concrete and virtual manipulatives. Thus, not ithe students who began the school
year in either the control or experimental groupaeed at the time of end-of-year

assessments.
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Test validity. The standardized test(s) utilized could pose athrethe validity
of the study because tests may be unfair to cegr@iups based on culture, environment,
and learning designation (such as gifted, extrergiglgd, learning disabled).
Definitions

Attitude toward mathematic§The general attitude of the class towards

mathematics related to the quality of the teaching to the social-psychological climate
of the class” (Hannula, 2000, p. 3).

Beliefs about mathematicEhe ways in which an individual cognitively

understands the nature of mathematics, as wetlea§dctors that were found to affect
student attitudes toward mathematics: teacheudé#t and beliefs, teaching style and
behavior, teaching techniques, achievement, aseessand parent attitudes and beliefs”
(Goodykoontz, 2009, p. 2).

Concrete manipulativéobjects that students can grasp with their hamts

sensory nature ostensibly makes manipulatives,’ re@inected with one’s intuitively
meaningful personal self, and therefore helpfulle(@ents, 1999, p. 2).

Control group Students not exposed to a special instructionahigce, such as
the use of virtual manipulatives in the presentigta sample in which a factor whose
effect is being observed is not present in ordgréwide a comparison. “A group in an
experimental study that is not given any specedtment” (Bluman, 2008, p. 652). In
this study, the control group consisted of 24 st#wgnade students who were taught
mathematics using only concrete manipulatives.

Grade equivalent (GEYhe University of lowa (2013) has defined the &&
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The score that indicates the grade level at whiehstudent is performing. The
grade equivalent is a number that describes amstadecation on an achievement
continuum. The continuum is a number line that dees the lowest level of
knowledge or skill on one end (lowest numbers) thiechighest level of
development on the other end (highest numbers) GEhés a decimal number
that describes performance in terms of grade landimonths. For example, if a
sixth-grade student obtains a GE of 8.4 on the Wolzay test, his score is like
the one a typical student finishing the fourth nioot eighth grade would likely
get on the Vocabulary test. The GE of a given regreson any test indicates the
grade level at which the typical student makesrig score. The digits to the left
of the decimal point represent the grade and ttm#ee right represent the month
within that grade. (para. 2)

Hands-on activitieBurns (1996) described these as activities thatrapass

more than one of the senses. These activitiesuewabjects that can be touched,

handled, or moved so that exploration and confidesduilt as the student continues to

engage in reasoning.

lowa Test of Basic SkillsThe lowa Test of Basic Skills is a group-admimniste

achievement test that comprehensively assessemnsfoigbgress in major content areas.

The test takes 30 minutes or less and providesatidnal staff the diagnostic data that

helps prepare remediation for students at rislaitdife. The test provides vital

information for each student to help monitor thegoess of districts, schools, and

students (The University of lowa, par. 1 2013).
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MathematicsGilfeather and Regato (1999) defined mathematcaa area of
investigation that logically analyzes ordering, @ti®nal, and structural relationships”
(p. 2).

ManipulativesObjects that appeal to the senses and can be plysic mentally
moved or touched, such as blocks or computer im@ges M, 2003).

Mathematics achievemereasured by comparing the gain in composite scores

on tests (The University of lowa, 2013). “Mathematachievement is the level of
attainment in any or all mathematics skills, usuaitimated by performance on a test”

(Eluwa, Eluwa, & Abang, 2011, p. 99).

Reflective journalsin reflective journal writing, students reflect erperiences
and organize their thoughts and feelings in ord@oimmunicate clearly. Students
often are given prompts that direct their refleatio

Variables.“A variable is a characteristic or attribute tbah assume different
values” (Bluman, 2009, p. 3). “A dependent variabla variable affected or expected to
be affected by the independent variable; also @altderion or outcome variable”
(Fraenkel & Wallen, 2006, p. G-2). An independeatiable is “A variable that affects or
is assumed to affect the dependent variable urtddy sind is included in the research
design so that its effect can be determined; sonesticalled the experimental or
treatment variable” (Fraenkel & Wallen, 2006, p4¥s-

Virtual manipulative A virtual manipulative is best defined as an ratgive,

Web-based visual representation of a dynamic olipttpresents opportunities for
constructing mathematical knowledge” (Moyer, Boty/& Spikell, 2002, p. 372). There

are two types of virtual manipulatives, static aydamic. “Static visual representations
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are essentially pictures. They are the sorts afalisnages ordinarily associated with
pictures in books drawings on an overhead projemteven drawings on a chalkboard.
Dynamic visual representations can be manipulatéde same way that a concrete
manipulative can. ...he or she can use a computesentouslide, flip, or turn the
dynamic visual representation as if it were a thdimeensional object” (Moyer, Bolyard,
and Spikell, 2002, pp. 372-373).
Summary

This purpose of this study was to assess teetefeéness of teacher use of a
combination of concrete and virtual manipulativesiimathematics classroom. Some
students were taught mathematics with only coneneteipulatives (the control group).
Other students were taught mathematics by the ssexber with both concrete and
virtual manipulatives (the experimental group). Hypothesis was based on a
measurable increase in students’ mathematics satres the teacher used both concrete
and virtual manipulatives during instruction. Tlesearcher also designed the study to
ascertain how the mathematics teacher perceivedsthef both concrete and virtual
manipulatives in the classroom based on effectis®nEhe significance of this study is
determined through the ability of the use of batharete and virtual manipulatives to

effect measurable improvement in student achievémenmathematics classroom.



INCREASING MATHEMATICS ACHIEVEMENT SCORES35

Chapter Two: Literature Review

In this study, the researcher investigated ffexof using computer-simulated
(virtual) manipulatives and hands-on (concrete) imaatives on seventh grade students’
learning skills during mathematics instruction. Thsearcher’s primary objective was to
determine whether students who were taught byaéaising virtual manipulatives
coupled with concrete manipulatives would show tgnemeasurable achievement in
mathematics than students who were taught by the saacher using only concrete
manipulatives. This review of the literature contaevidence of previous research on the
use of manipulatives and the corresponding effecttodent achievement in
mathematics.
Significance of Manipulatives

Researchers tend to believe that manipulatikeseerywhere, from street signs
to the money we carry in our pockets. Hayes analia{l988) stated, “Our role, as
adults, is to help each child recognize mathemaitositions in their activities and
encourage the children to apply their knowledge expkriences to any problems that
occur” (p. 9). These manipulatives serve as taolselp students solve the given situation
or problem as though it were a real-life experience

Cognitive psychologist Jerome Bruner (1960) @sdedhat individuals learn by
recognizing symbols and patterns; we “remembermdta, a vivid detail that carries the
meaning of an event” (p. 25). Grasping symboliation is thus the first step in figuring
out mathematical concepts. As children continuab®orb the given concept more
profoundly, these layers of meaning open up, mofroig the concrete to the abstract

and ultimately to a symbol. Bruner (1960) viewearfeng as a graduated process that,
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Requires a continual deepening of understandindeals that comes from
learning to use them in progressively more comfibems. Authentic access to a
body of learning is crucial, regardless of themeas’ age and prior experiences.
We must teach at the learner’s level of compreloenand continuously offer
them chances of deepening their understanding3)p.1
In order to accomplish this task, educators rieexkplore a variety of
instructional methods. Herrington, Oliver, and Rex(2003) stated,
Influenced by constructivist philosophy and witwnadvances in information
technology, there is increasing interest among &iitut faculty in authentic
activities as a basis for learning in web-basedsesi Whereas traditionally,
activities have primarily served as vehicles fa finactice of discrete skills or
processes taught in courses using traditionaluostmal methods such as lecture
and readings, a more radical approach being exployennovative instructors is
to build a whole course of study around a largdesaathentic activity. (p. 59)
According to educational psychologist Howard @&rd(1991), many students
indicate that they do not grasp the concept theyeapected to learn because lessons are
nothing more than instruction and then a test. &ttgldo not understand why they are
being taught a particular lesson because it hadd®levance to them (Gardner, 1991).
Learning that is structured to complement the ¢hitéitural learning styles allows for
more inquiry. There is no one size fits all wheacteng for learning. Children need a
variety of learning experiences to hook their iagy and not all children learn in the
same manner. Some children are visual learnersrokinesthetic, and still others thrive

with a combination of learning styles (Gardner, 1R%or learning to be relevant and
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lasting, children have to feel a connection torttegerial they are required to understand
(Gardner, 1991).

Authentic learning enables students to examinegver, and collaborate on
problems that mimic real-life situations. The stuidethen can take these concepts and
apply them to their everyday lives, thus bindingaepts and relationships in contexts
that involve real-world problems and projects tua relevant to the learner (Donovan,
Bransford, & Pellegrino, 1999). The learning enmirgents cross over into multiple
content areas so that the concept can be taughtess-life situation. Lessons are not
designed to teach a designated skill but rathexaoh a real-life skill. The teacher may
teach an addition and subtraction lesson, butvikeeatl concept taught is how to balance
a checkbook. These lessons are authentic as thenssucan take them and apply them to
their real lives. Authentic learning encourageslstis to operate within a team structure
to work through the complex challenges presentedem.

Students collaborate with one another to deterrtiadest ways to resolve the
challenge presented. The resolution does not alwesrialize quickly; sometimes it
may take students a few class sessions to reamhsamsus. Through authentic learning,
students attack a challenge rather than becomirsty&ited at the very sight of one. They
become accustomed to searching for their resolatnehcollaborating with classmates to
reach a real-life outcome (Herrington, Oliver & Reg, 2003). Instructional feedback
that guides students and enables them to quesigotask using the most appropriate plan
to reach a real-life resolution is more effectikiart simply supplying the answer.
However, feedback must be administered in a tirfadizion in order to lend value to the

learning environment. Virtual manipulatives are aragy to provide feedback to students
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immediately upon rendering their response. Virtnahipulatives are considered real-life
learning tools because they are objects that sta@ssociate with on a daily basis
(Crompton, 2011). Students are comfortable usingal manipulatives; they do not see
it as a threat, but rather more of a challengéénsame manner they would view a game
(Crompton, 2011). After receiving immediate feedhatudents can rethink their course
of action and collaborate with classmates on arative process to reach a resolution
(Uttal, O’'Doherty, Newland, Hand, & DeLoache, 2008hother method used to provide
immediate feedback is for teachers to display tieblpm on an interactive whiteboard
and turn it into a whole class learning experiencghich all students respond using one
of a variety of tools or methods (Gardner, 199%al it al., 2009).

Educational researchers have concluded that Wieelearning environment is
constructed around real-world situations, studeyssematically assume real-life roles,
whether at work, at play, or working cooperativiglya true, authentic learning activity
(Herrington, Reeves, Oliver, & Woo, 2002; Lomba&007; Reeves, 2006). When the
learning is authentic, students can connect thiskrowledge directly to their lives,
combine it with their existing knowledge, and fostnong inferences to store for future
use (Herrington et al., 2002).

Authentic learning, in turn, leads to autheasessment, which focuses more on
the thought behind the process that the learnkzedithan on the actual outcome
(Wiggins, 1990). Grant Wiggins, a researcher antsgtiant on school reform issues,
proposed in his article “The Case for Authentic éssment” that,

Authentic assessments present the student witfullh@rray of tasks. These tasks

then mirror the priorities and challenges foundha best instructional activities:
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conducting research; writing, revising and disaugspapers; providing an

engaging oral analysis of a recent political exaard collaborating with others on

a debate. Through authentic assessment, studentm@e engaged in the task

and a teacher can be more confident that the aseatsshe/he gives is

meaningful and relevant. (p. 1)

Authentic assessment, also referred to as pedioce assessment, requires
students to explain or demonstrate their thinkstgtegies, and knowledge by
constructing a response or project through a waokassessment options (Wiggins,
1990). Authentic assessment should provide a yaofetesponses, short performance
assessments balanced with longer performance asseiss Some assessments should be
more complex than others and lead to students erggaghigher-level thinking skills
(Wiggins, 1990). Manipulatives provide an avenuestodents to demonstrate their
thinking as part of these assessments.

Several scholarly articles have presented rev@the use of mathematics
manipulatives, most supporting their use in thesrlaom. Some of these articles
contained suggestions that students be encouragadke a personal connection with
lessons through hands-on activities containing pdatives (Burns, 1996; Allen, 2007;
Clements, 1999). There are two types of manipwaticoncrete and virtual. Some
controversy persists regarding the use of virtuahipulatives. Most existing historical
research has promoted the effectiveness of conavetevirtual manipulatives because
the former can be touched and held, while therlagtasting on a computer screen,

cannot be touched or held. Lappan and Ferrini-Myad93) attributed the effectiveness
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of manipulatives to active touching by the studéttwever, advances in technology
have enhanced the quality of virtual manipulatiaed their use in the classroom.

According to Heddens (1996), “manipulative maisrmust be selected that are
appropriate for the concept being developed andoppiate for the developmental level
of the students” (p. 47). Manipulative usage md@igsand holds the interest of children
far longer than direct instruction. Children neled bpportunity to increase their ability to
channel energy to something that is relevant tmthdanipulatives provide students
with opportunities to become actively engaged imniegful learning experiences.
Because they become actively engaged in the leaprocess, students take ownership
of their learning and then can make the transtenfconcrete to symbolic and to real-life
problems (Battle, 2007; Blair, 2012; Heddens, 199iher researchers (Steen et al.,
2006; Burns, 1996) have maintained that studentgddook forward to mathematics
instruction if the experience were engaging andgeable, thus lessening the effects of
a stigma that often is associated with mathemasdseing both difficult and boring.
Their desire to investigate new topics would leadrique shared experiences. Burns
(1996) claimed that children who were able to usaipulatives to explain the process
they applied to solving mathematics problems tar feers and their teacher felt less
frustration. Confidence in mathematical understagdeads to math literacy (Steen et al.,
2006; Burns, 1996).

Mathematic literacy is the ability to see beydine process of mathematics and
apply the concepts learned to the activities ofyay life. Most researchers (Burns,
1996; Heddens, 1996) agree that students strugtilewvathematical concepts due to a

lack of interest in the subject and confidencehgirtability to understand the abstractness
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of mathematics as it relates to their personal eepees. The use of manipulatives
provides a method for instruction and fosters anrenment conducive to learning the
concepts. Picciotto (1995) suggested that the Lis&nipulatives assists all students, but
particularly the weaker ones. By providing a visaladl kinesthetic avenue for
understanding, a deeper level of comprehensiors taleee and encourages both low and
high achieving students to be more motivated amghged in their learning. Additionally,
manipulatives allow the teacher to demonstrateaarerete manner different methods
for solving the same problem. As Picciotto (199§)lained,
Working with well-designed manipulatives can heljldb the necessary
foundation to facilitate the leaps to abstractioet tare embedded and embodied
in the notation of algebra. For some students, pudatives provide an important
tool, for others, they provide a mathematics caniehere they can broaden and
deepen their understanding, which is often onlylmaea@al mastery. (p. 112)
Some factors must be considered when investigiéiie use and effectiveness of
manipulatives in the classroom. While a consideraiphount of research has indicated
that manipulatives allow children the advancedigttib reach higher levels in their
abstract mathematics thinking, Remer and Moyer%20@lieved that the teacher’s role
is to lay the foundation for success with manigué. In order for manipulatives to
improve student learning, the teacher must be kadgéable of the many types on the
market and must be able to choose the appropaatéadr the students to be able to grasp
the concept. When used properly, manipulatives medhanderstanding, retention and
problem-solving. In order for this meaning to tgdtace, however, students must have

teachers who can help them reflect on their reptaten of mathematical ideas and help
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them develop an increasingly sophisticated undedstg of mathematical functions
(Allsopp, 1997; Remer & Moyer, 2005; Picciotto, 599Furthermore, Allsopp (1997)
contended that while much research has been cawootthe benefits of using
manipulatives with elementary students, the extétiieir use with older students
learning more abstract concepts has not been erdramthoroughly. Remer and Moyer
(2005) asserted that initial signs indicate thareglder students can benefit from the use
of carefully selected manipulatives during wellfpiad lessons. Even the use of simple
manipulatives can enhance the learning and greatirstanding of algebraic equations
(Allsopp, 1997). After students learn to solve basjuations through direct instruction
with manipulatives, they can begin to progress toveam abstract level of comprehension
by transferring to symbolic representations ofgih&blem through either drawing or
providing written descriptions of their work.

Suydam and Higgins (1977) stressed that th@lus@nipulatives be kept
consistent with the goals of a mathematics progimy further stated that teachers also
should encourage children to record results, whahpromote the development of
higher-level thinking skills and deeper peer intéian. Children also can question their
own procedures, as well as those of their peeus, itistigating the cooperative problem-
solving that will bring real-life situations andetin solutions into the classroom. Children
then will discover the importance of verbalizingithmathematics thinking and concepts.
Teachers recognize that the use of manipulativesaithematics instruction allows
students to experience different ways to solve lprab other than just following

teachers' directions. As DeGeorge and Santoro j2@epérted,
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46 percent of teachers viewed hands-on projecis &ffective learning technique
for all students. Another 54 percent said that éipigroach was particularly well-
suited for students who learn more effectively am+traditional approaches,
particularly visual or kinesthetic learners, slaaders, and students with limited
English-language skills. (p. 1)
DeGeorge and Santoro (2004) also noted that teswdlogiced differences in the behavior
of their students, as well. The teachers belieiatithe children were more inclined to
ask questions, were engaged in discussion, condpdstagned tasks and were motivated
and eager (DeGeorge & Santoro, 2004).

Manipulatives also allow for creative memorizati®esearch has shown that if
the brain does not make a connection with the nateeing taught, retention will suffer
(Bellonio, 2001; DeGeorge & Santoro 2004; Suh & MQy2007). When children seek to
recall information with which they have not conrezttthey will have much more
difficulty retrieving it. The brain learns from patns and searches for those patterns that
make learning easy. Manipulatives allow studentaafie those critical connections and
to form patterns that are most relevant to theirreng styles (Bellonio, 2001; DeGeorge
& Santoro 2004; Suh & Moyer, 2007).

Balka (1993) described the benefit of using marapwus:

The use of manipulatives allows students to makertiportant linkages between

conceptual and procedural knowledge, to recogmletionships among different

areas of mathematics, to see mathematics as gmnated whole, to explore
problems using physical models, and to relate ghaees in an equivalent

representation. (p. 22)



INCREASING MATHEMATICS ACHIEVEMENT SCOREZ24

If not used properly, connections between the fiseamipulatives and an abstract
concept may not be made.

In conclusion, when students are given the oppdsttim connect the
mathematics lessons to events occurring in tharyelay lives the brain will in turn store
that memory and enable students to retrieve tlugrmdtion when the cause arises.

History of Manipulatives

As manipulatives can encompass a wide variephgsical objects, they naturally
have been present in societies for many yearsotitiatly, many individuals have relied
indirectly on manipulatives in the teaching of naatfatics. Many of the early
manipulatives were types of counting boards (Ab20@5). The Southwestern
civilizations used wood or clay trays that weree®d with sand in which they would
draw symbols so they could tally items that resemlain inventory. Another early
version of a manipulative, the abacus, dates @80 B.C. (About, 2005). This abacus,
known as the Salamis Tablet and used by Babylonveas discovered in 1846 and was
believed to have been perfected by the ChinesetARO05). Sheepherders used an
instrument closely resembling this to count shedgging a knot in a rope for every ten
sheep. This manipulative is much like the abacasahildren use, which many
researchers believe encourages abstract thinkih¢eads to higher-level thinking skills
(Hoffman, 2007). Manipulatives have developed dydabm these early counting
devices.

Manipulative blocks proved valuable in the teaglof early mathematics and
have served as educational tools for over 200 yéaxording to Meredith Portsmore

(2007), “The evolution of the block has been dribgrtwo forces, the need to represent
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more complex ideas and the world of children’s tdps 1). In his research, John Locke,
a 17-century English educator, cited various taedufor educational purposes. In the
17th century, a new way of thinking emerged in whgbildren were not viewed as
young adults but rather as developing individu@lss thinking initiated the production
of new toys that could be categorized as concretepalatives. The first type of blocks
used as manipulatives were alphabet blocks (R&82)1By the time blocks emerged as
an important learning tool, the Industrial Revadathad begun. Germany was credited
with the appearance of toys as learning objectadR¥992). The Industrial Revolution
lowered the prices of toys that previously had bemrstructed by hand. Toys began
being produced at a faster pace, opening the do@ducators to examine their use as
learning tools (Read, 1992).

Jean Jacques Rousseau, an influential 17-cephilosopher from France,
posited that individual freedom is more importdrart the structure imposed by the
government. His written work on the subject of eation asserted that children learn best
by intermingling without restraint in their envinment. Rousseau’s thoughts on
education foreshadowed the educational reformseo20th and 21st centuries. Doyle
and Smith (2007) discussed and expanded upon Raisseork:

People must be encouraged to reason their wayghrtmutheir own conclusions -
they should not rely on the authority of the teachéus, instead of being taught
other people's ideas, Emile is encouraged to diswwin conclusions from his
own experience. What we know today as 'discovesniag'. One example
Rousseau gives is of Emile breaking a window - d¢alfind he gets cold because

it is left unrepaired. (p. 1)
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The research and use of manipulatives continueddtve throughout the next century
(Doyle & Smith, 2007).

In the early part of the 19th century, new matdpives emerged in the form of
concrete, movable objects. Due mainly to the effoftSwiss educator Johann Pestalozzi,
a believer in the teachings of Rousseau, manipeiatinade small inroads in
mathematics teaching. Pestalozzi (1951) believatah learning should focus on the
child rather than on the curriculum because alppetearn in their own way. He
contended that all people are born with their ommate, unique abilities and stressed that
educators need to unlock those natural abilitiesadford children the time to explore on
their own. Pestalozzi believed that children regsiensory stimulation to grasp the
intended concept being presented. Children coutebenvision the result and apply it to
their own natural surroundings if the concept wed to their real lives (Barlow, 1977).
However, not until the 1930s did manipulatives lmeegart of the mathematics
curriculum (Sowell, 1989). Similar to Locke and Reeau, Pestalozzi (1951) believed
that a child has thought processes that beginimi#iyery, as best achieved by studying
objects and processes as they naturally occurngage this imagery, teaching should
employ the senses. His written work on the sulgéetucation argued that children
learn best by interacting freely with their envinoent. These thoughts on education
anticipated the educational reforms of the future.

Friedrich Froebel, a German educator and avidvi@r of Pestalozzi, was the
first educator to consider how these blocks coeldi®ed to educate children. Froebel’s
attempts in the 1800s were the most organized addhe most long-term results

(Hayward, 1979). His kindergarten employed gamatehcouraged children to work
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within groups to learn cultural values and to maite their social and physical skills.
These games involved objects of various shapesekhss other materials, such as sand
and cardboard, that facilitated learning and coimgmsion. Froebel’s techniques opened
the door for further exploration by future educat@ayward, 1979).

In the early part of the 20th century, Maria Nessori, an Italian physician and
educator, argued that teachers should be traineseté-roebel’s methods. Montessori
founded schools and acquired a multitude of follmweho believed in and stressed the
importance of concrete, authentic learning expeasenShe believed that children
actualize their innate desire to learn through-deticted exploration of developmentally
appropriate manipulatives (Ward, 1971). She affdrttet children demonstrate greater
success when they are able to judge their own pssgAccording to Montessori, there
are three stages of learning. The first stage wesintroducing the concept, presenting it
to the child without hiding any details. The ressitevealed to the children so that they
can uncover the necessary process to reach theiioso The children then develop a
process, thus demonstrating their understandiriiggofoncept. Montessori claimed that
children should not focus their attention on teashleut rather that teachers should focus
their attention on the children. The children’s es@nces enable them to self-correct
their lesson, so they can identify incorrect solusi and figure out alternative solutions to
the challenge. Montessori had the opportunity tplement her methods to treat and
educate the mentally retarded. Some of her eight-gkel mentally handicapped students
scored above average on the state examinatiomegding and writing, an
accomplishment considered the first Montessori phemon. Her response to their

success was, “if mentally disabled children cowddbbought to the level of normal
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children then (she) wanted to study the potenfisiarmal’ children” (Cohen, 1990, p.
65). Using her methods, teachers acted as thédidmis and encouraged children to try
different approaches to a challenge. They saw @hilevho once struggled start to bloom
and show confidence. The children also gained ingggrect that was not present prior to
the preparation of the lesson (Cohen, 1990). Maoté&s discoveries led to more
advanced studies of student learning.

In the second half of the 20th century, new tiescbegan to emerge as to how
students learn best. One of these theories wasrkagwonstructivism. John Dewey, an
American psychologist and educational reformernglbel that all children benefit from
active learning (Lane, 2010). Thanasoulas (200p)aexed the theory:

The constructivism theory takes an interdiscipnaerspective, inasmuch as it

draws upon a diversity of psychological, socioladjiphilosophical, and critical

educational theories. In view of this, construatimiis an overarching theory that
does not intend to demolish but to reconstruct padtpresent teaching and
learning theories, its focus with shedding lighttbe learner as an important
agent in the learning process, rather than in wrgshe power from the teacher.

(p.1)

Constructivism strayed from the philosophy pregubthrough behaviorism.
Behaviorists believed in lessons that were teactetered while students sat passively.
The constructivist paradigm holds that children lggmn by constructing their own
knowledge and thoughts on concepts if given autgndine child then takes this newly
discovered concept and attaches it to previouskgdtknowledge so that it can be

transferred to real-life situations (Lane, 201@is$ cognitive psychologist Jean Piaget
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agreed with constructivist views that inquiry ledaghpromoted children to use discovery
learning to form a schema for new material (Lar®d,. When children form a schema
to represent the information they are dealing vitibn they are constructing a process
for problem-solving. They then can organize theimfation so that it is easier for them
to interpret when needed. Piaget asserted thatrehiluse two strategies when organizing
new material, assimilation and accommodation (Atrer2010). Assimilation transpires
when students take new knowledge and combine lit thigir existing knowledge.
Accommodation occurs when students alter theirgmians of the material and show
understanding as they applyatreal-world situations (Ginesi, 2008). Russian
educational psychologist Lev Vygotsky also belieirethe constructivist views. He
maintained that in addition to inquibased learning, students also need social
interaction, collaboration with their peers, to teas concept and obtain the full range of
their learning. Vygotsky introduced the term Zoi&mximal Development (ZPD), the
range within which students can no longer work a@as& without guidance. He asserted
that when students are encouraged to discussaibstacles with peers and their teacher,
discovery learning is more apt to occur. He alatest that children may start a task with
very different views on the task, but when theyemeouraged to discuss their findings,
they will eventually reach a shared consensus ywike referred to as subjectivity. The
ZPD is associated with the tesnaffolding Scaffolding uses the principle that the
amount of assistance provided to a child will viaaged on that child’s proficiency with
the task. Vygotsky believed that if more dialogussvencouraged during the task,
children would add this to their pre-existing knedde and form new ideas (Vygotsky,

1978; Breaux, 2009).
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Further research led to the understanding oh#&wrological underpinnings of
learning. In the booBrain Matters: Translating Research into ClassroBractice
Wolfe (2001) contended that authentic learning $gace when connectors form
between neural networks. The author suggestedttes levels of learning take place
when strengthening learning through these connextibhe first is the concrete level,
followed by the representational, symbolic leveld dinally true understanding being
demonstrated at the abstract level. Without theofisencrete experiences, the student
cannot move through the stages of learning in amgain meaning. Therefore,
educators should seek to develop lessons that@voultiple approaches and tools to
improve the chances of reaching all students. dappoach gives the students
opportunities to see the problem in a way that atlibw them to acquire full
comprehension of the concept. The manipulativenallthe students to see the abstract in
various solutions, and they then begin to recogtiiezecommon thread between
operations. This learning then transfers into atgreunderstanding of the symbolic form
of mathematical functions. At this point, abstragtctions can be performed on symbolic
representations of the problem without the uséefconcrete. Through reflection,
students are able to connect the new knowledgeputhiously learned information
(Wolfe, 2001).

In the 1960s, manipulatives focused on the us®otrete objects and pictorial
representations to help children better undersadnsttact mathematical ideas (Sowell,
1989). Now, manipulatives are available in mossslaoms around the world. The
research of Hungarian educator Zoltan Dienes i®itapt to the understanding of

manipulatives in classroom instruction; he is renewfor his dream of teaching math
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through activities. According to Dienes, studenti mot achieve success in math until
they realize that information and skills are areshground familiarity and abstractions.
Several of Dienes’ inventions became standard eggmp in the mathematics laboratory
(Dienes, 1961). As Hirstein (2007) explained, D&ne

Multi-base Arithmetic Blocks gave a concrete repregation for number bases.

The principles of the base ten-numeration systeyk tor granted that most

students did not grasp the value of a base syf2e&nes’ Blocks allowed

students to explore the numeration system andgtuetents determined how the

operations on numbers were addressed by the sygiefr69)

Dienes maintained that manipulatives were ingodrin increasing students’
understanding of mathematical concepts. He strebsgdhildren learn based on prior
knowledge connected to new knowledge. They therthese inferencing skills and make
the connection to the new concept. He stated fleatanipulatives should be used as a
reference to build upon several concepts as opposaae abstract idea (Dienes, 1961).
By the 1970s, microprocessors made the first elawtrcalculators possible, and
educational toys using microprocessor technologyine popular.

The reform math era was a time of restructunmnignath education toward
autonomous student learning. Lessons were studeeéd; utilizing manipulatives
through games and learning centers. Students codtdd more frequently and relied
upon experience more so than rote memorizatiomfhe 1970s through the 1990s, the
overall math scores for U.S. students decreasagtont that educators became alarmed
(National Commission on Excellence in Educatior83)9 The 1983 report

commissioned by Terrell Bell, the U.S. Secretarfzdfication, was titled Nation at



INCREASING MATHEMATICS ACHIEVEMENT SCORES2

Risk and it highlighted shortcomings in U.S. educatiooluding math education. The
report indicated that other nations were surpagsiagducational practices in the U.S.
and outperforming U.S. students in mathematics.répert emphasized that the
percentage of students electing to enroll in a eratitics class had declined
significantly, and 35 states only required one y#anathematics during high school
(National Commission on Excellence in Educatior83)9At the beginning of the 21st
century, numerous states implemented stricter lmaatb standards for their school
districts. Calculators became standard equipmekinchergarten through high school
classrooms. Advanced graphing calculators werdabtaito students who enrolled in
advanced math courses, such as calculus andistatiS8bmputers presented a new type
of manipulative in the form of a virtual manipulati These virtual manipulatives
proposed games as a type of learning tool, alotiy gveater algorithm practice.
Elementary schools around the country were turtorgynew series that focused on a
circular learning pattern, meaning that studentsld/oeturn to a specific topic multiple
times within a school year. This new series emtitleveryday Math" used eye-catching
illustrations and a variety of math manipulativéi€n, 2007).

One contrast throughout the history of educatias been the benefit associated
with the use of manipulatives. Currently, they lighly promoted by the National
Council of Teachers of Mathematics (NCTM) becausaipulatives serve as hands-on
tools that help students construct an understarafingathematical concepts. The
Principles of the NCTM2000) stated,

Students must learn mathematics with understanditgely building new

knowledge from experience and prior knowledge. ¥ of manipulatives also
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provides equity in the classroom. Not all studdr@sefit from the same type of

instruction. Many students profit from this handsemllaborative learning that

manipulatives afford. (p. 20)

This educational opportunity helps students cuiéveadeeper understanding of
mathematics when combining multiple teaching stiate
Concrete Manipulatives

Mathematics literacy refers to the ability to segdnd the process of
mathematics and apply the concepts learned tocthetis of everyday life. Most
researchers agree (Burns, 2006; NCTM, 2000) thdesits struggle with mathematical
concepts due to a lack of interest and confidendkeir ability to understand the
abstractness of mathematics as it relates to ¢henyday lives. Concrete manipulatives
can be objects such as building blocks, color stickunters or other physical items that
can be used mathematically to build the connedigtmween concepts and reality.
Researchers maintain that if children use conereteipulatives, they can form
visualizations in their heads and more easily gthsgoncepts presented during
mathematics instruction (Battle, 2007; Burns, 2006;TM, 2000).

Children learn and retain information best whsgytcan manipulate objects with
their own hands, as Montessori espoused, and #sgedhis type of contact.
“Movement, or physical activity, is thus an essafactor in intellectual growth, which
depends upon the impressions received from oussidehrough movement we come in
contact with external reality and it is throughdbeontacts that we eventually acquire
even abstract ideas” (Montessori, 1966, p. 97).d¢® maintained that children need to

interact with each other. “This then is the firatydof an educator: to stir up life but to
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leave it free to develop” (Montessori, 1967, p. 1TThe NCTM (1989) challenged
teachers to revamp the way “they provide studeitts alasting sense of number and
number relationships, learning should be groundezkperience related to aspects of
everyday life or to the use of concrete materiaksighed to reflect underlying
mathematical ideas” (p. 87). They further encoudag@ shift in emphasis from a
curriculum dominated by memorization of isolatedt$aand procedures and by
proficiency with paper-and-pencil skills to onetteanphasizes conceptual
understandings, multiple representations and cdioms; mathematical modeling, and
mathematical problem solving” (NCTM, 1989, p. 123%ing concrete resources does
not always mean that students fully comprehenddi@. Clements (1999) advanced his
belief that students need concrete resources t&tremh preliminary meaning, and they
must nurture their actions with the manipulativesld so. The idea was based on a need
for students to connect manipulative use with trention of the concept presented.

Clements (1996) and Heddens (1997) proposedftstatdents do not come to
understand the concept being taught with the useamiipulatives, then those
manipulatives simply function as toys with whichplay. Piaget (1952) found that
students progress in the way they think, beginmiitg a recognition of only the concrete
before advancing to pictorial and then to abstitsicking. Once educators are able to
view the overall picture, they will understand tbhtldren do not necessarily see the
same picture that they see. Holt (1964) said thatrid his fellow teachers

were excited about using the rods for math becasseould see strong

connections between the world of rods and the wairliimbers. We therefore

assumed that children, looking at the rods andglthimgs with them, couldee
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how the world of numbers and numerical operationsked. The trouble with

this theory is that [my colleague] andlteadyknew how the numbers worked.

(pp. 138-39)

Fick, O'Donnell, Puchner, and Taylor (2008) advaniteir research that effective
lessons using manipulatives do not merely happathdr, these lessons are the product
of teacher thinking and preparation based on y&faesacher training and support for the
use and interpretation of manipulatives into ticemriculum (2008).

A number of researchers have reported experimegdalts pertaining to the use
of concrete manipulatives in the teaching of mattgrs. Battle (2007) completed a
study of first-grade students learning to add anutract whole numbers. She
administered a pretest and post-test in her smdgtermine the change in student
success. The experimental group was provided cmuddype of manipulative) to use
while adding and subtracting whole numbers. Tharobgroup was not provided with
manipulatives. The post-test scores revealed tigagxperimental group experienced a
higher degree of success in adding and subtraatige numbers.

Suydam and Higgins (1977) published “a comprsiverreview of research
conducted in grades K-8 on the uses of physicaipndatives,” finding that “students
using manipulatives demonstrated greater achievetnan those not using them” (p.
92). The key to their findings was that “physicampulatives would yield positive
results if the manipulative was used well” (p. ®imnilarly, a study conducted by
Parham (1998) demonstrated that students usingpoiatives outperformed students
who had not experienced the use of manipulativabeiCalifornia Achievement Test.

The test results showed that students with acoabgtmanipulatives scored in the 80th
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percentile, while students who were not exposdti@éananipulatives scored in the 50th
percentile.

A comprehensive meta-analysis conducted fron8183.987 confirmed the
effectiveness of concrete manipulatives in kindeegathrough college. Sixty studies
were conducted, and they demonstrated evidencemdased achievement in
mathematics when concrete manipulatives were useddhout instruction. The study
also showed a positive increase in the studeritides toward the manipulatives. The
most noticeable increases occurred when the teaeidenced comfort with and
knowledge of the effective use of the manipulabased on the experience of others.
This study helped to verify the role of the longateuse of manipulatives in increasing
mathematics achievement (Sowell, 1989).

Hiebert (1997) affirmed,

Mathematical tools should be seen as support®&wning. However, using tools

as supports does not happen automatically. Studands construct meaning for

them. This requires more than watching demonstigtiih requires working with
tools over extended periods, trying them out, aatthing what happens.

Meaning does not reside in tools; students consitras they use tools. (p. 10)

If not used properly, connections between the fiseamipulatives and an abstract
concept may not be made.

The potential for disengagement between a comananipulative and its actual
symbolic representation is evident in the follownegearch conducted by Uttal, Scudder,
and DelLoache (1997). In a study of three- and f@arold children, Uttal validated the

idea that children have difficulty linking modetstheir physical counterparts. The
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researchers built a replica of a room, but on ahmamcaller scale than its actual size.
When children were shown the replica with the eXxaction of a hidden toy, children
could not enter the original room and find the leiddoy. After hearing an explanation of
what the replication indicated, a few could fine toy, while others remained confused.
This result shows that symbolic representationsrttey be direct for adults can be
confusing to children (Uttal et al., 1997).

Aligning manipulatives with curriculum standacn help overcome the
disconnect created by stagnant classroom learBimgus (1996) proposed that the best
way for children to learn is through abundant ham$earning with the use of models to
solve problems. Although there has been signifisapport for the use of manipulatives
in the mathematics classroom, challenges also siavaced, some in relation to
classroom management. Teachers have reporteduttiffic monitoring and assessing
students' use of manipulatives. Another dilemmaefoom the realization that many
school districts lacked the necessary funding talpase sufficient manipulatives.
Another important issue directly affecting teachase of manipulatives has been the
lack of professional development coupled with teeassary follow through and support
that would permit teachers to use manipulativescgitfely (Crawford & Brown, 2003).

Ball (1992) cautioned against the unrealistipextations that many teachers have
about manipulatives, concluding that, "Manipulasiand the underlying notion that
understanding comes through the finger tips hacerbe part of educational dogma” (p.
17). She acknowledged several studies that shoawienld in student achievement due to
limited teacher knowledge of the effective use ahipulatives. A year-long study

conducted using interviews and observations iniff@rdnt schools provided evidence of
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the challenges associated with manipulatives. Myand that some pitfalls in the use of
manipulatives became evident when teachers wemngarsaof the mathematical concept
and did not know how or why they were using the ipaatives (2001). Additional
research confirmed that unless students can tratnsfenathematical concept from the
concrete manipulative to a conceptual and procéduderstanding, the manipulative
was not effective (Suh, 2005). Another importamaidontained in the literature on
physical manipulatives centers on Clements and MaMs (1996) new interpretation of
the wordconcrete They proposed that students do not necessalg thee help of
physical objects in order to assimilate concretg@enstanding. Virtual manipulatives have
the substance to support students’ integrated etsmexperiences, the difference being
that those images are viewed on a computer scé@eording to Clements (1999), a
concrete activity’s effectiveness depends on itsllef mental stimulation; therefore,
virtual manipulates have the opportunity to servegually meaningful learning tools.
Virtual Manipulatives

Moyer, Bolyard and Spikell (2002) stated tha ¢gmowth of technology is always
present and that everything humans encounter iwthig is affected by technology.
Virtual manipulatives, which represent the usagteofinology in mathematics, are
defined as “interactive, web-based representatibasdynamic object that present
opportunities for constructing mathematical knowjet(Moyer, Bolyard, & Spikell,
2002, p. 373). These manipulatives are consideyadrete although they are not
physical (Clements & McMillen, 1996). Clements @aidMillan (1996) noted that while
children cannot touch the virtual manipulativegytitan move the objects on the

computer screen and interact with them. They furtbenmented that "Teachers can
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integrate these representations into their clagssdwecause they can become more
manageable, clean, flexible, and extensible" ()27

Inan early study of different types of educationdtvgare,

teachers looked at both narrowly directed drill-gpmactice software and at

software that purports to open up opportunitiesstadents to ask their own

guestions. They found not only that different agttes to software design
implied radically different models of learning argching, but also that in the
process of examining software critically the teashmecame more aware of their
own values. Teachers saw the enormous pedagodgfiesbdce between solving
problems and formulating them and between answaongeone else's question

and generating their own question. (Olds, Schw&t/illie, 1980, p. 40)

As asserted in the quotation, the type of virtuahipulative presented in class
directly affects student learning. Manipulativeattperform in a rote manner are less
captivating than those that compel students to dtaally modify their thinking to
accommodate this mode of learning. This transfaonan thought encourages students
to evolve from their prior experiences and to attlep challenges presented. These types
of compelling virtual manipulatives also sancti@ll@boration among peers, which is
encouraged so that students can share mathenwdadpts as they analyze their
problem-solving results. Students then can conthett results to real-life situations and
understand that more than one solution existggigen challenge. Students then
collaborate with peers and teachers to share ows@md procedures used to reach their

intended solutions (Moyer, 2008).
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Later, in the 1990s, researchers at Utah Staieetbsity began a project to
produce a computer program offering interactivdsdor teaching and learning
mathematics. Hartshorn and Boren (1991) focuseatganizing the various tools into
learning benchmarks and grade levels. Explanabbhsw to use the software and
activities for implementation were features thatawpanied the Java software. The
images initially were basic representations of BE&&locks, geo boards, and pattern
blocks. This early research tried to mimic the olseoncrete manipulatives, and the
results varied depending upon a variety of factAssmore tools were developed and
implemented, teacher comfort with strategies fangighese tools to enhance the
academic success of students continued to imptdagghorn & Boren, 1990). Students
who used the tools became actively engaged inilegrwhich enhanced both their
understanding and confidence. However, they fohatfor the learning to be useful and
for the student to be able to move from the coed®@the abstract, the teachers must
have carefully selected the activities and mantiptda used. The progression from
concrete to abstract occurs by moving through ¢émei-€oncrete stage of learning. At this
point, the student can make meaning of the vis@esentation of the problem and
transfer that meaning into real situations (Hantsl& Boren, 1990). The achievement of
the abstract level forms the bridge to real undexding. At this point, students can
explain the processes and results of their invastigs in both oral and written form. In
order to ensure that students retain their undwasig, the use of manipulatives must be
ongoing throughout the lesson (Hartshorn & Boré&9Q).

Sowell (1989) suggested that long-term use afimdatives is more effective in

maintaining and even increasing learning than steonh use, which indicates that use of
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manipulatives should be continuous throughout neidghool and high school. However,
implementation on all three levels has been limifexla result, information on their
effectiveness at the elementary level is limiteshes (2009) asserted, “it is more likely
that manipulatives would increase their value ter@rades, in teaching more
complicated skills, as children mature and becoraeatally able to develop
understanding of operations” (p. 5). Jones (200@ntained that the use of
manipulatives at the elementary level would allbe students to bridge the gap between
what they are doing and the meaning it represémis,increasing understanding and not
just computation. As Bellonio (2009) emphasized,
Experiential education is based on the idea thateamvolvement enhances
students’ learning. Applying this idea to mathewsts difficult, in part, because
mathematics is so abstract. One way of bringingeegpce to bear on students’
mathematical understanding, however, is the useaniipulatives. (p. 1)
Children who actively engage in their learning gaigreater understanding of the
material than passive learners. While virtual malapves do not adhere to the
traditional definition of concrete manipulativelsey may provide even more meaningful
representations of objects and concepts than thasean be touched. Gardner (1993)
stated that employing virtual manipulatives incesathe chances of students engaging as
active participants in the acquisition of a skibt all students learn in an identical
fashion, so it benefits students and teachersdcead as many of Gardener’s eight
intelligences as possible. Moving from concretgittual manipulatives provides visual,
auditory, and kinesthetic modes of instructiomwlhg the students to gain an

understanding of the material more easily (Gardh@®3).
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Takahashi (2000) conducted a study of 18 fogrde students as they explored
ways to cover an equilateral triangle using gremhl@due pattern blocks. The students
were divided into two groups; the first nine chddrworked alone on computers with
virtual manipulatives to solve the challenge, witile others used concrete
manipulatives. The results demonstrated that tiidren working with the virtual
manipulatives stayed on task and successfully th&8antended outcomes. Takahashi
observed that one reason the virtual manipulagiweged more successful was due to the
immediate computer-generated response. The childoeking with the concrete
manipulatives had to draw a replication of eachilatgral triangle as it was completed,
and then take it apart and start over (TakahaSBQR

In a study of two classes, one that employeblpro-based learning with a focus
on technology, and one that took a traditional appin using a textbook followed by
assessments, Boaler (1999) found that significaimsgwere displayed in the classroom
that employed problem-based learning. The studysliewed that students exposed to
problem-based learning significantly outperformieeiit counterparts otine state test.
These students also saw no difference betweenrttairematics lessons and real-world
mathematics. Students in the traditional math aég$ot hold the same views and were
not as apat translating the school math into real-world m@ébaler, 1999).

Virtual manipulatives add another dimension &tlmematics lessons for children
with special instructional needs. Children who roeproficient with the English
language are often at a disadvantage expressiimgutigerstanding of mathematical

concepts. Virtual manipulatives allow these chifdiiee opportunity to demonstrate their
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understanding of the concepts (Moyer, Salkind &Raill, 2008). The NCTM (2000) has
endorsed that

Technology can help students develop number sangdf may be especially

helpful for those with special needs. For examgtedents who may be

uncomfortable interacting with groups or who may loe physically able to
represent numbers and display corresponding syncholsise computer

manipulatives. (p. 80)

Therefore, students with special instructional isdeehefit when given the opportunity to
interact with virtual manipulatives in their lessoVirtual manipulatives cause less
apprehension as the students need only to contghdhe computer image. They have
less fear of making mistakes and will take higlesels of challenges.

Virtual manipulatives provide feedback and hedshe children work on the
mathematical concept. This is not the case witthticanal concrete manipulatives
because assistance from the teacher is needdtiatilly arises. Children then will be
able to see the whole picture and have an easierrglating the visual and symbolic
representations, which assist in reaching highasi¢eof learning (Suh & Moyer, 2007).

In addition to immediate feedback, researchavelound that children achieve a
greater connection to virtual manipulatives becdaheg can manipulate them while
working on a computer monitor. Therefore, studactsially see the outcomes of their
manipulations instantaneously. Students often averm by their own competitiveness to
achieve success using virtual manipulatives (Mogetyard & Spikell, 2002). In the
mathematics classroom, technology plays a keyindhelping children to form

relationships with numerical reasoning. Childrerowdse appropriate technology
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persevere over a longer period of time despitelprob or difficulties they may
encounter while learning. Researchers have obsdimnatdhose children actually showed
eagerness and enjoyment, and exhibited growth thenaatics performance (Ainsa,
1999; Bellonio, 2001; Bolyard & Moyer-PackenhamQ@&p

Virtual manipulatives can be both static andadyit. A static manipulative is
simply a visual representation on the computerestr€hildren cannot manipulate the
representation, but it may change according tgtbgram. While children can still
receive immediate feedback from their interactiotihhthe static image, it is not as
engaging as its counterpart, the dynamic manipdglements & McMillen, 1996;
Moyer, Bolyard & Spikell, 2002). Dynamic manipulags allow children the ability to
move and change the image on the screen, thusrfgrandeeper understanding of the
concept based on their own actions. Burns (200@é)taiaed that these dynamic
manipulatives are thought provoking and lead chidio focus on the lesson, causing
scaffolding in their individual learning. Today'lassrooms embody such diversity in
learning styles that the dynamic manipulative hexolne a necessity in advancing
mathematics instruction. Many levels of the sanssda can be presented to children and
then differentiated according to their academielevWith most students now having
access to a computer and the internet at schodhame, it only makes sense to include
virtual manipulatives in the curriculum. Studentswhave such heightened exposure to
digital media that it has become an acceptablesard expected medium for enhancing
instruction. Mathematics educators now can accigggsldnanipulatives via the internet
as an innovative and interesting way to enrichrtbiriculum. Technology adds to the

instruction and creates a more student-centereditgpenvironment by allowing the



INCREASING MATHEMATICS ACHIEVEMENT SCORE35

student to work at his/her own level and pace. Dyinainteractive media make it
possible for students to view objects and conceptsore than one dimension,
expanding their conceptual framework of understagdi he ability to link
representations to previous learning facilitatestthnsition from the concrete to the
more abstract (Durmus & Karakirk, 2006; Moyer, 2D05

Moyer (2005) found that when using virtual mangtives to reinforce a concept,
it was beneficial to provide direct instructiontire use of the program and concept to
improve learning. The students then could spencertiore understanding the concept
while learning the program “The transformative mataf many virtual tools simply
allows students to explore ideas flexibly, modeling fluidity of the brain’s activity and
human thinking in ways that cannot be done in ssjglay space” (Moyer, Salkind, and
Bolyard, 2008, p. 216)Multiple applications of a technological maniputatprovided
an additional advantage over a traditional maniprgawith a single application. The use
of computers in the classroom also allows studehts may have difficulty with motor
skills or written expression to achieve more susdescause the virtual manipulatives do
not require physical movement or responses inewitbrm (Crawford & Brown, 2003;
Steen, Brooks, and Lyon, 2006).

One concern with using computers for instructthat they do not replace the
interaction between student and instructor and @iasupply the kinesthetic element
present when using concrete manipulatives. Others posited that children may not be
capable of understanding the symbolic represemisiio computer instruction and
instead will need a hands-on approach achievedtbriyigh the use of concrete

materials (Brown, 2007; Fueyo & Bushnell, 1998)yldoa contended that another
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shortcoming is that children often view manipulatvon a computer as just a game and
not a connection to real-life situations (2001).

Young children often do not use fractions in-tda situations, but this is an area
where the use of manipulatives can assist greathctions, though important, are not
used as commonly as whole numbers. Children néedikpanding their pertinent
experiences with fractions so that their informadlerstanding of fractions and
connections to procedural knowledge adhere to asginal understanding (National
Research Council, 2001). In one study, Suh, Maoyed, Heo (2005) investigated three
fifth-grade classrooms in which students were apglyractions in order to demonstrate
these connections. They also investigated the fugietal applets to aide in this concept.
The three classes were categorized as consististg@dénts considered low, medium and
high achievers. The students did not seem to eetiat they were applying previously
learned knowledge to the new concepts, as eviddmgatterviews with the researchers.
All students in the study were introduced to angytd the lessons by the same teacher.
All three groups showed discovery learning, higkegels of conjectures, connections to
previous learning, and greater levels of peer auigon. However, the results of the study
showed that the lowest achievers demonstratedrdagegt gains (Suh, Moyer, & Heo,
2005).

Bellonio (2001) importantly noted that manipulat\ere viewed differently by
different users. Virtual manipulatives can be msimportant to some as concrete
manipulatives are to others. Sometimes, the virnaipulatives were easier to
manipulate than their concrete counterparts. Oaengle of the power of virtual

manipulatives occurred with children learning tb@aept of number sense. One group
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used a dynamic virtual manipulative to assembl@&festicks, and number symbols to
conceptualize number sense; the other group usetdate bean sticks. The results
showed that the virtual bean sticks were easiethi®@ichildren to manipulate than the
concrete bean sticks. However, the findings didshoiwv a noticeable difference in
assessment scores between the two groups (BelR004,).

According to Rhodes (2008), manipulatives hold stug' attention and challenge
them to solve problems and develop an understaradihigher-level mathematics
concepts. Manipulatives feature lively, bright estahey contain sounds and incorporate
games that talk to students, all of which are fiestuinot available with textbooks.
Students are taught how to use concrete manipatativhich can guide them to a level
of abstract thinking. Students engaging in abstiraoking can transfer their
understanding of mathematics concepts to authlaiaing situations and engage in
problem solving as active learners (Rhodes, 2008).

Clements and McMillen (1996) determined thatuatl base-ten blocks were
easier for children to maneuver than concrete Islo€ke virtual base-ten blocks were
essentially in line with the students’ own menti@ns pertaining to the intended
learning outcome. As the children continued tazeithe virtual manipulative, the
intended outcome became clearer. Children coulakittee blocks apart to form ones or
fasten them together to form tens. This activitgved to be natural for the children and
contributed to building their inference skills. @nen received immediate feedback
because every time they changed the block, the austiown on the computer screen

changed also. As Clements and McMillen (1996) erpl,
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Actual base-ten blocks can be so clumsy and thepulations so disconnected

one from the other that students see only the tramanipulations of many pieces

-- and miss the forest -- place-value ideas. Tmepder blocks can be more

manageable and clean (p. 3).

Clements and McMillen (1996) stated that virtonglnipulatives also offer less
distraction than their concrete counterparts. Wgng concrete manipulatives, teachers
run the risk of students using them inappropriat8lyme of the manipulatives also may
become broken or lost (1996). Virtual manipulatieéfer more versatility than concrete
manipulatives, allowing students to change the dgieesentation with a simple
keystroke. The students then are able to connedlifferent representations to all of the
possible outcomes for a given problem. They camudedhat there is more than one way
to reach a resolution to their challenge. They ttemapply this reasoning to real-life
situations (Durmus & Karakirik, 2006; Yong, 201daB, 2012). Students can save what
they are working on and return later to both revikeir earlier work and continue their
learning. Students then can revise their stratebresigh true mathematical exploration.
Additionally, computer games provide the same tyfpexploration and reflection as
lessons (Crompton, 2011; Bellonio, 2001). Clement McMillen (1996) stated that,

Computemanipulatives link the concrete and the symboliertans of

feedback. For example, a major advantage of thepatemis the ability to

associate active experience with manipulativeymob®lic representations. The

computer connects manipulatives that students nma&ee, and change with
numbers and words. Many students fail to relate tetions on manipulatives

with the notation system used to describe thesersctThe computer links these
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two actions, and students are then able to assdtiatconcrete and symbolic

easier. (p. 3)

Clements and Battista (1989) proposed researchostipg their belief that after students
draw shapes using Logo, their ideas regarding shagemore exact and mathematical.
In their study, when students drew rectangles @epdhey did just that, drew a
rectangle. When drawing the rectangles by handrem often did not connect them to
math. When using Logo on the computer, studentddadter a series of commands and
procedures to draw the rectangle. Part of decidow to create their rectangles involved
analyzing the shape of the rectangle in order tsttact the necessary commands.
Because students construct these rectangles therastliey become more aware of the
shape as having opposite sides with equal lenijttiee wrong numbers are entered,
feedback regarding the connection between the nigwamel symbol is immediate
(Clements & Battista, 1989).

The fact that virtual manipulatives require cartgps may not be problematic in
the home or with small classes, but when therereney students and few computers, this
could be considered a disadvantage (Rhodes, 2808ilarly, while using computers
helps to overcome the problem of storing so mamgiie manipulatives, it also creates
the problem of ensuring the security of the comzut&nother potential problem lies in
giving students easy access to the Internet, winthput constant supervision, may
result in some students straying to sites thatisteacting, inappropriate for school, and
even dangerous. Rhodes (2008) also commented om additional potential issues

concerning virtual manipulatives, stating,
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The activities one may do with virtual manipulagware limited to the confines of
the program and may stifle creativity. For examptay might have trouble
creating three- dimensional figures using tangram$inding a specific virtual
manipulative for your favorite manipulative actiitAlso, by having a list of
virtual manipulatives at your fingertips, teacheray become content with the
activities on a given site, without spending tmedtito think up new, creative uses
for manipulatives. (p. 1)
While using virtual versus concrete manipulativas present some problems, there are
ways to overcome those problems. The teacher riedmsversed on students’ limits that
the virtual manipulatives may cause them to reachpaush students to work out of their
comfort zones.
Suh and Moyer’s (2005) research on three fifidbidg mathematics classrooms
separated by achievement level further indicatad th
One characteristic afforded by the virtual manipuéaconcept tutorials used in
this project was their design that combined bosiuai and symbolic images in a
linked format. This may have encouraged studentsaike connections between
these modes of representation and, ther@dyeloped students’ representational
fluency, particularly for visual learners. (p. 9)
They also asserted that the class identified ambdklie lowest achieving students
benefited the most from working with virtual contégtorials (Suh & Moyer, 2005). Suh
and Moyer (2005) affirmed through interviews thatdents believed that the visual
representation afforded by the virtual manipulativede it easier to understand the

connections between the fractions and the appligbhswinich they were working. They
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were able to connect symbolically through scafioddand thus build upon previous
lessons. The immediate feedback provided to thiests also motivated them to work
through the challenging fraction lessons. Studikesl how the feedback prompted them
to find various solutions to their problems. Thejlaborated with one another, which led
them to justify their solutions and to explain wdngolution was mathematically accurate
(Suh & Moyer, 2005).

Virtual learning creates a situation in which thedents are prevented from
continually making the same or a similar error hisegthey receive immediate feedback
on their errors, which can be overlooked in a tradal setting. This immediate feedback
leads to the students working with more precisiot @xactness. In addition to the
learning advantages, the use of digital media igerpoactical in that they are more cost
effective, require less space for use, and ardil@gsconsuming than concrete
manipulatives. While most virtual manipulativesuig access to the Internet, some can
be downloaded and used offline, still allowing & to be exposed to and participate
in the learning process (Crawford & Brown, 2003h®uMoyer, 2005). Virtual
manipulatives are more than just electronic refibbica of their physical counterparts.
According to Crawford and Brown (2003), they ltiettext off the pages by creating
visual images of the concept, raising student cemite, and making learning more
enjoyable. Computer programs and digital media argrohildren’s learning
experiences by providing visual connections to epite and facilitating their cognitive
development while encouraging them to investigaéas beyond their current level of
understanding. Virtual manipulatives are improvamgl changing constantly, offering the

learner an interactive environment that is selfggband that provides immediate
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feedback for self-correction or teacher intervemtibhis mirrors Suh’s (2005)
observation that computers used to improve andlsoygnt instruction have proven to be
successful teaching tools when informed teacherswtitize appropriate methods and
materials employ them.
According to the lllinois State Board of EducatidgSBE) (2001),
Technology provides a means to carry out operatiotisspeed and accuracy; to
display, store and retrieve information and resualtgl to explore and extend
knowledge. The technology of paper and pencil magriate in many
mathematical situations. In many other situati@as;ulators or computers are
required to find answers or create images. Speegliechnology may be
required to make measurements, determine resutt®eate images. Students
must be able to use the technology of calculatodscemputers including
spreadsheets, dynamical geometry systems, conglgtra systems, and data
analysis and graphing software to represent infaomaform conjectures, solve
problems and communicate results. (p 1)
This mathematical comprehension, along with thepaater skills necessary to complete
the task, will prove invaluable in the workplace.
Student Attitudes Toward Math
Children enter preschool with a carefree atéttamvard mathematics. Many
times, children think of math as a game and fireddhallenge interesting. It is only as
they advance through school that the strugglesandequent dislike for mathematics
begin to emerge (Burns, 2006). When children wareeyed as to whether they liked or

disliked mathematics, the most common reason far thslike was that teachers moved
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too fast or taught in an abstract manner, thugenstiring understanding of the presented
concept. Once a lack of understanding and mathdsslpess becomes embedded,
students tend to lose motivation to deal with thallenges within mathematics.
Discovery learning is no longer fun, and the fingttpropelled their motivation
disappears. If a strong foundation in mathemasicot embedded early, students will
lack the necessary confidence to persevere whesempied with more challenging
problem-solving mathematics lessons (Kilpatrick afard, & Findell, 2001). According
to Burns (2006), it is necessary to build thatrsgréoundation in math at an early age so
that children will continue to possess a naturalrgeto enjoy learning through guided
discovery.
According to Kilpatrick, Swafford, and FindeB01),
As students build strategic competence in solvioigrroutine problems, their
attitudes and beliefs about themselves as mathesrlatirners become more
positive. The more mathematical concepts they wtaed, the more sensible
mathematics becomes... similarly, when studentshemagelves as capable of
learning mathematics and using it to solve problahey become able to develop
further their procedural fluency or their adaptreasoning abilities. (p. 131)
When teachers offer students various methods wliilciwto solve mathematics
problems, they are encouraging students to utitieg varied learning styles, which
fosters a learning community that encourages aoochptes individualized learning.
Teachers can specifically note progress in stutlprablem-solving abilities and also

observe their deeper understanding of mathematicadepts. Teachers who encourage
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students to use diverse approaches to solvinggmabfurther develop confidence in
their students’ abilities to succeed (Burns, 200atrick, Swafford, & Findell, 2001).

From a meta-analysis of 79 studies that invate)the use of non-graphing
calculators, Hembree and Dessart (1996) conteridedstudent learning increased when
they used hand-held calculators. The researchecsfigally noted progress in students’
problem-solving abilities and observed a deepeetsidnding of mathematical concepts.
“Their analysis also showed that students usingutatiors tended to have better attitudes
towards mathematics and much better self-concaptsathematics than their
counterparts who did not use calculators” (Hemigré&@essart, 1996, p.86). The
researchers also found that students continuealote adeptness at performing
computations with paper and pencil during mathessatistruction. They believed that
this was because the students had garnered a dewjmstanding of the concept and
were able to apply it to their real-life experies¢elembree & Dessart, 1996).

Toward manipulatives. Manipulatives permit students to construct theinow
knowledge, which in turn encourages deeper undetstg of a mathematical concept.
Students become more involved in the lesson andldesto form their own solutions.
When students feel this connected to the lessey,dbvelop a deep understanding of its
content (Goracke, 2009, Wiggins, 1990). Steen, Bspand Lyons (2006) maintained
when students form ownership for their learningtigh the use of manipulatives, the
fear is removed from learning mathematical congegitd they are intrinsically rewarded
for their efforts. They then can build on their pioe experiences by engaging in work
with more thought-provoking concepts. Then, stusl@né empowered to take these

learned concepts and apply them successfully indadly lives. According to Steen,
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Brooks, and Lyons (2006), when children have arodppity to visualize a
mathematical concept, there is less confusion, alowiing deeper student understanding
to occur. When there is less confusion, studerisnfi@re confident in their mathematical
abilities, and valuable groundwork is laid for fraumathematical endeavors. Children
also are able to sort through important mathemlatmacepts and store those that hold
deeper meaning instead of trying to memorize ursszsyg items (Steen et al., 2006).

Toward concrete manipulatives. Goracke (2009) concluded from an action
research study of her eighth-grade mathematicsrcash that the use of manipulatives
had a positive impact on students’ attitudes aed thverall understanding of
mathematical concepts. She found that the studeokspleasure in engaging with the
manipulatives not necessarily due to the acadepnefit but rather from the hands-on,
active participation. Her students did, howeveawsisignificant gains when given
assessments that involved the use of the manipeatGoracke (2009) asserted that
students also displayed a more optimistic attitiogeards mathematics. They were more
confident and sought multiple solutions to challaggproblems. They also felt
comfortable enough to share their assumptions &gk alternative outcomes with
their classmates (Goracke, 2009).

Clements and McMillen (1996) observed one boy whate a procedure for
drawing a rectangle:

He created a different variable for the length adteof the four sides. He

gradually saw that he needed only two variableab®e the lengths of the

opposite sides are equal. In this way, he recogrizat the variables could

represenvaluesrather than specific sides of the rectangle. Matier intervened,;
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Logo supplied the scaffolding by requiring a symboépresentation and by

allowing the boy to link the symbols to the figufe. 274)

In this way, the boy was able to build on prior ¥edge stored through his interactions
with Logo.

Toward technology. Brown (2007) and Steen, Brooks, and Lyons (2006)
concluded from their research that as technologyicoes to grow as a force in the daily
lives of our students, there is a developing neqardvide varied instruction in order to
gain and maintain students’ attention while theyemgaged in the process of learning.
This presents challenges for educators. One syrédeg@ducators lies with using a
variety of instructional techniques, including nyanatives, to increase students’ on-task
behavior, encouraging higher-level classroom tmgkand addressing differences in
learning styles. The use of technology to providelents with learning experiences that
incorporate virtual manipulatives can assist inalleping a learning continuum that leads
students from a phase of simple awareness to agilization of a skill. Technology also
increases positive student attitudes toward mattiesnirough the use of manipulatives
in the classroom.

According to researchers, (Suh & Moyer, 2003eA| 2007) students perceive
the computer as a tool for obtaining an abundahe&amation. They concluded from
their research that the computer offers unlimiteckas to information and allows
students, with guidance from their teachers, talgthemselves through lessons and
ultimately solve problems on their own (Suh & May2005; Allen, 2007). They also
receive immediate feedback on their ideas. In thteidy of fifth-graders using a fraction

applet, Suh and Moyer (2005) found that "the agpdbwed students to experiment and
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test hypotheses in a safe environment. The guiniedat features of the applets allowed
guessing and trial-and-error, and at the same tivoald not accept an incorrect
response(p. 10). Student interviews and attitude survegécated that the applet’s
refusal of incorrect responses caused them to @mokblve in ways they would not have
considered otherwise. They also enjoyed the cotilmm that the virtual lessons
encouraged. Students also worked faster than wieg traditional paper-and-pencil
methods. They believed that through collaboratierts with their peers, they were able
to retain the information and retrieve it latern8ostudents felt that the lesson seemed
more realistic to them. As a majority of the studemere frequent computer users, this
experience was more authentic to them. The stu@ésasnoted that the fraction applet
allowed greater manipulation of fractions than itleeincrete counterpart (Suh & Moyer,
2005). Students indicated that the web-based lsssere closely linked to their
everyday needs. They stated that when collaboratitigtheir peers and teachers, they
achieved a feeling of ownership over the lessonvegr@ able to both retain the
information and apply it when needed to solve dlenm (Suh, 2005; Allen, 2007).

Other researchers have cited additional benaffitscorporating technology into
teaching. Young (2006) noted that “Another pedagaldbenefit of virtual manipulatives
is that they have the ability to provide multipégresentations of a single concept at the
same time” (p.1). When students are problem solwittlg virtual manipulatives, they are
usingthe computer graphics, words that appear on th@uatenscreen, and numbers.
Students indicated in the survey that all of thregpgesentations, when simultaneously
presented, added to their deeper understandirigeqiroposed concept (Reimer &

Moyer, 2005). Reimer and Moyer (2005) argued thist henefit of virtual



INCREASING MATHEMATICS ACHIEVEMENT SCORESS8

representations provides an advantage over phys@aipulatives: “Unlike physical
manipulatives, electronic tools connect the icamith the symbolic mode” (p. 7). They
also asserted that transfer, or application, ofAkadge that was once limited and specific
could be increased through virtual representatiomsmore general knowledge base
(Reimer & Moyer, 2005).

Ainsa (1999) introduced one group of preschool/&ngdrten-aged students to the
concept of subtraction using M&Ms as concrete malaijves and another group to a
software program that was designed to allow theexfdore the concept. Correct
responses were recorded through observation atutients worked through the
activities. The study's findings revealed that¢he@ere no significant differences in
success rates between students who participatzhorete activities and those who
participated in computer-based activities. Howetlex,students using the computer-
based activities indicated that the experiencefuasind enjoyable learning. In another
study conducted by Allen (2007), a group of studgatrticipated in a program entitled
Everyday Math, which incorporates manipulativesngs, cooperative learning, and
other tools with pre and post-tests administergtl @ach unit. Allen found that the
manipulatives contributed to students’ significemprovement in skill development,
higher levels of understanding, and positive ategitowards learning mathematical
concepts. Throughout the lesson, the students denated an interest in the lesson and
enjoyment of learning while engaged with the malafes. Allen (2007) asserted, “The
students were visibly more active in class and bpesl more self-confidence in their

math skills” (p. 14).
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Technology is at its best when it is paired witl thathematics curriculum and
aligned with assessment. When schools take thettinmeorporate technology into their
lesson the learning becomes seamless. Studerdablarto succeed in their virtual
learning and move back and forth with greater elasa.review of studies, the CEO
Forum concluded, "Technology can have the greatgsict when integrated into the
curriculum to achieve clear, measurable educatiobgctives” (p. 1). Educators need to
align mathematics lessons so that the virtual lagrooincide with the learning
objective. Therefore, students will gain a deepetanstanding of what is expected of
them and when assessment is given there is noiguedtwhat is asked of them.

Toward virtual manipulatives. Virtual manipulatives enable students to think in
a more fluid manner, one that is closely structwétl cognitive processes. According to
Suh and Moyer (2005), students learn and retairerwhien they, while engaged in
learning experiences, receive immediate feedbadlaamencouraged to use strategies
that, if wrong, will elicit that immediate correeé feedback. When students are
encouraged to collaborate with their peers tottest assumptions and to manipulate a
virtual representation, they retain more of whatytlearn because they build ownership
of the solutions generated. Students indicatedutiironterviews that they felt more
confident with their findings when they were aldevtsualize the symbolic
representation and turn it in to their own solutidfhen collaborating with peers, they
felt secure in their efforts to explain their prdaees in mathematical terms (Suh &
Moyer, 2005; Young, 2006, Reimer & Moyer 2005).

According to Steen, Brooks, and Lyon (2006), a grofistudents exposed to

virtual manipulatives as part of their daily ingttion showed an increase in motivation



INCREASING MATHEMATICS ACHIEVEMENT SCORES&0

and challenged themselves to higher levels. Thid traders in this study showed
significant gains in conceptual knowledge and esged a greater satisfaction with the
tools’ specific feedback and ease of use. The stsddso expressed a greater enjoyment
of learning throughout the unit on fractions.

Another advantage cited by Clements and McMille99@) was that students
enjoyed the fact that they were able to spend aiderable amount of time on the
problem and actually focus on understanding thenleg objective. The students also felt
that by understanding what they were learning, tiegyired less practice on the concept.
Many students were able to retain the informatioth @d not forget the process involved
when computing the problems on assessments. Studieimot have to force themselves
to remember the concept; instead, they developgreeainderstanding of the concept and
were able to apply it to many different challen¢@ements & McMillen, 1996).

Toward the teacher. Student attitudes towards their teachers improvedtty
when manipulatives were incorporated in the mathiesialassrooms. In a meta-analysis
of 18 classrooms, Ellington (2003) found that shideusing graphing calculators became
much more interested in and had much better att#ttiolward the subject itself.
Observations and surveys revealed that studentsmwere motivated and eager to work
with their teacher on challenging problems. Ellog{2003) asserted, however, that
presenting a calculator to students does not audicailg ensure that they will learn to
solve problems. The teachers who Ellington obsedezdonstrated excellent strategies
and knew when to take advantage of their studpasstive attitudes, thus challenging

them with additional problems. The observed stugldetnonstrated greater collaboration
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and dynamic learning with peers and teachers whesepted with these higher-level
problems. Ellington (2003) summarized some of thedfits of calculators, stating,

In giving students a graphing calculator, teaclearsalso give students more

responsibility for their own learning. Students examine multiple

representations interactively and examine mearohgspresentations and their
relationships. They can work on interactive exgiorss, real-world data
collection, and investigations. Furthermore, thag assess their work and

discover errors on their own. (p. 448)

Students use graphing calculators to collect dadhiraturn realize that there is more than
one way to represent the problem and form relatipsswith their findings. Moreover,
research conducted over the past decade showedhkatstudents displayed a positive
attitude toward the lesson and their teachers, llaglya tendency to excel in math and
math-related careers (Ellington, 2003; Trusty, d002usty (2002) asserted the
importance of middle school teachers providing sitp@ mathematics environment
during their students’ mathematics lessons. Heebetl that when students experience
confidence, they display determination, which urdpesn to challenge themselves to
work through problems that are more difficult @irae when interest may wane.

When students use technology in the mathematissrdam, they are further
inspired to tackle difficult mathematical challesg&lsing problem-based learning in
mathematics, the lesson begins with a challengadlaires deep problem-solving
skills. The teacher should facilitate learning bpggorting, guiding, and monitoring the
learning process. The teacher must build studentsidence as they work through the

challenge. Problem-based learning transitions fileeriraditional learning style of
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working through problems in isolated steps given lacture to a style in which the
teacher guides the students as they actively |&udents are presented with a challenge
for which they have no former procedures availdbteecall. This, in turn, causes
students to question, form hypotheses, and théthese hypotheses and communicate
with peers and teachers as to the accuracy ofdhsivers. Teachers who enable students
to gain autonomy also are fostering a life-longtast in mathematics. When teachers
encourage students to use graphing calculatorgxtmple, they are stepping back and
letting the students take ownership of the lesson
Teacher Attitude

Toward technology. In order for students to have the opportunity te us
technology in the classroom, their teachers musiisee of, know how to use, and
embrace that same technology. Kilpatrick and Swdft@002) stated that, “As with any
instructional tool, calculators and computers camsed effectively or not so effectively.
Teachers need to learn how to use these tools—eaiot students to use them—in ways
that support and integrate the strands of profaye(p. 13). According to some
researchers, the manner in which teachers viewtdolyy makes a significant difference
in the way it is integrated into their classroor@sawford & Brown, 2003; Duffin, 2010).
Teachers who perceive technology as a stepping $tocollaboration and higher-level
thinking are more apt to incorporate technologtheir curriculum. The researchers
made these statements based on observations amsysaonducted with classroom
teachers. They verified that when students wereerangaged in the lesson, more
interaction occurred between them, their peers tlagid teachers. The use of web-based

lessons encourages students to share informatioemrand innovative ways. The
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researcher (Duffin, 2010) observed students chgilhgneach other as they moved
towards attaining the lesson objectives. Teachers Wee to move away from the center
of the classroom stage and observe their studerites interacted and challenged one
another, often guiding each other to demonstragledniorder thinking skills. Duffin
(2010) and Crawford and Brown (2003) found thatheas believe that the use of
technology in mathematics lessons encourages dtutteaxpend more effort to succeed
because they receive ongoing feedback. Studenteffj a belief that their efforts are
aiding their understanding, is enhanced throughusieeof technology as a teaching tool
in the classroom.

Teachers stated that incorporating virtual lessatastheir classrooms did not
pose a problem. Many indicated that online lessagre readily available, of high
quality, and free. Teachers also agreed that teetgirtual manipulatives offers a vast
array of educational opportunities for students iatrduces an abundance of learning
tools. When concrete manipulatives were used alatigworksheets, teachers frequently
found that supplies of these materials were limitéowever, this was not the case with
virtual manipulatives because more materials cobelgroduced with just the click of a
button on the computer (Rhodes, 2008; Moyer, BalyaSpikell, 2002). Other teachers
asserted that if they had an interactive whitebgiwel would not have to print copies
and would never run short of materials. Anotheraadage of virtual manipulatives is
that they provide teachers with a variety of instianal strategies to ensure student
learning (Moyer, Bolyard & Spikell, 2002).

In another study, Crawford and Brown (2003) conéehtihat teachers who felt

comfortable using computers in their personal Iwesild also view them as important
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and useful in the classroom. Other teachers shaaecern about using technology in
the classroom, stating that they felt that studemght become too dependent on the
web-based lessons and fail to learn basic mathesnatincepts (Duffin, 2010). Another
concern was the lack of knowledge and technicgbsupprovided by the school districts.
Teachers indicated that when their districts dal/jatetechnical support, there was often
no follow-up. Teachers were sent to one-day semiaawhich a plethora of information
was presented. When the teachers left the professi@velopment session and returned
to their classrooms, they remembered very littlevbat had been presented. Many
maintained that if they had been able to meet wolleagues and collaborate when
working on the materials presented in the workshtisresults would have been more
beneficial. Teachers also indicated that profesdidavelopment, if focused on specific
skills and followed by time for teachers to becameustomed to technology strategies,
as well as the support to practice, review, andsecthese strategies, would have
alleviated some of their concerns regarding theofisechnology and even encouraged
its use (Crawford & Brown, 2003). Teachers indiddteat they did have computers
available for student use but were not comfortaiderporating them into their
curriculum. Some teachers cited an insufficient hanof available computers for
student use, which resulted in considerable oi-tehavior that interfered with the
concentration of those students working on theio\wased lessons (Puchner et al.,
2008).

According to Roschelle, Pea, Hoadley, Gordim Bieans (2000), many teachers
who participated in the survey reported an enhaec¢rf children's learning “because

many of the best uses of technology supportedfimdamental foundations of learning
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as defined by cognitive science: active engagenpanticipation in groups, frequent
interaction and feedback, and connections to realdacontexts” (p. 79). Teachers
verified that technology expanded the amount ahieg children experienced in the
classroom. They observed that through the usecbhtdogy, children were able to
visualize, model, and simulate situations not fgaalailable in the real world. The
technological representations enabled studentse®e dynamic graphical representations
of concepts linked to algebraic and other symbmdiation” (Roschelle et al., 2000, p.
88). Results from the survey verified that the amaif technology used by teachers
significantly affected student achievement in matagcs. In a study involving six
schools, researchers' assessments showed tharitgawdhose teachers relied heavily on
technology scored significantly better than studevitose teachers rarely used
technology” (Roschelle et al., 2000, p. 91). Thalgtfound significant achievement in
classrooms in which teachers who were high-levetsisf technology, according to the
degree of computer usage, displayed a positivieidétitoward the value of technology
for teaching (Roschelle et al., 2000).

Toward the learning objective. Kilpatrick and Swafford (2002) found that when
teachers were knowledgeable in mathematics andactabfe with teaching to the
learning objective, they possessed a confideriud#ithat they were able to pass on to
their students. Students in these classes were apbte achieve success and show
increased motivation toward mathematics. Studdatsdeveloped positive attitudes
towards learning the subject if their teachers usedtive teaching strategies (Kilpatrick

& Swafford, 2002). Given these findings, Kilpatriakd Swafford (2002) concluded that
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teachers who used varied and diverse strategieaaming mathematics enhanced their
students’ success in the subject.

According to Burns (2006), teachers should mosdtisfied with just writing
lesson objectives in their plan books; they alsmuthsearch for strategies to allow them
to diversify instruction for each student. They sldgoresent the lesson objectives clearly
to students so that those students will understaadtly what they will be expected to
demonstrate at the culmination of the lesson. Kliiplrand Swafford (2002) asserted
that if students do not know and understand thaieg objective, then the subject will
not grab and hold their attention, and their opjaties to achieve the overall goal will
be limited severely. If students are presented wirarching questions that refer to the
enduring understandings expected, then they cantethese for direction as the lesson
progresses. Teachers who present clear lessortigbgem the form of overarching
guestions to students can also provide studenksomigoing assessment of their progress
towards the learning objectives, thus contributmgtudent motivation, positive
attitudes, and attainment of the learning goaKdpétrick & Swafford, 2002; Wiggins,
1990).

Toward manipulatives. Teachers voice concern about the amount of time the
will have to allocate to the planning of maniputatiessons without a guarantee that
students will understand the underlying concepe There presence of manipulatives
does not assure that a connection will be madg;dhenot magic” (Moyer, 2001, p.
176). Lappan and Ferrini-Mundy (1993) stated, “hethematics must be embedded in
the task, and the task must be mathematically ataddo students' prior learning and to

what the teacher wants them to learn” (p. 62 Agdthers cannot make students
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understand the true meaning of the mathematicerness that they see it as authentic or
meaningful to their lives, the students then widlw the lesson as a game, and no
enduring understanding of the concept will be geali(Lappan et al., 1993; Goracke,
2009; Wiggins, 1990).

Durmus and Karakirik (2006) noted that,

Usage of manipulatives not only increase studerutsteptual understanding and

problem solving skills but also promotes their pgsiattitudes towards

mathematics since they supposedly provide “con@eperiences” that focus
attention and increase motivation. A concrete d@gpee in mathematics context
is defined not by its physical or real-world chaeaistics but rather by how many
meaningful connections it could make with othermeatatical ideas and

situations. (p. 1)

According to Clements and McMillen (1996), statdewho are visual learners
and have difficulty sitting through a teacher'slee tend to behave appropriately, absorb
the necessary information, and demonstrate unaelisigwhen given the opportunity to
use manipulatives. Moyer and Jones' (2004) reseancforced the use of manipulatives
as a positive force in student learning. When wnésved, students stated that instead of
trying to construct in their minds the image thacteer was trying to convey, they had a
much easier time seeing it visually, whether it waghe computer screen or through the
use of concrete manipulatives.

Implementing digital technology in the classromquires that the teacher
effectively plan for each lesson by choosing theem manipulatives, games, or

software, which requires research and time. Becaligee necessary effort, many
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teachers may not feel confident using current teldgy without appropriate and
thorough training. However, Crawford and Brown (2Pfbund that when training and
associated materials were selected carefully, eradakeported high levels of satisfaction
with the use of technology in their classroomsa ktudy conducted by Steen, Brooks,
and Lyon (2006), teacher participants found thatgisomputers in the classroom
allowed them to quickly assess the students' utatedg by continuously monitoring
the screens as they moved about the room asssitidgnts when and where necessary.
Students also were able to move through a lesseatiekly because there was no
waiting time for materials or feedback. The comppt®vided each student the same
level and quality of instruction, with the teaclassuming the role of facilitator. Teachers
expressed their satisfaction resulting from a desgen the amount of preparation time
they needed because they primarily were distrilgugimd collecting manipulatives. As
such, both the teachers and the students spenttrmaren the task, which allowed
students to engage in more practice problems dthmglass period. Students also could
explore important concepts in depth while workingheir own pace of learning and
understanding.

Another concern was that manipulatives requiogentime to set up than
traditional lessons, as well as more planning tiB@me teachers expressed that it takes
more time to explain how the manipulatives work #relimportance of each piece to the
overall concept of the lesson: "In addition to tithere are the students who are not
abstract learners, so | go back and teach the pomgth numbers and variables”

(Goracke, 2009, p. 1).
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Additional research found that some teachezsuanipulatives in the classroom
strictly as rewards for students who display appate classroom behavior, which the
researchers interpreted as not using the compragragms as a specifically organized
sequence of instructional activities with a purpddeyer (2004) stated, "Teachers who
view manipulatives as time wasting or as instruwlanaterials secondary to the serious
work of learning mathematics will inadvertently encage their students to use these
materials for play rather than for mathematicsiesy or understanding” (p. 29). Moyer
(2004) conducted a year-long study involving twaldhke school teachers who were
using manipulatives in their mathematics instructibhe researchers used interviews,
observations, and self-reporting to investigate llwege teachers used manipulatives in a
classroom setting. Their findings showed that mafnyre teachers used manipulatives
more to entertain students than to advance thestsidnathematical knowledge. While
some teachers used manipulatives to assist studemsierstanding a new concept,
others used them for diversion or fun when thewgjind the classroom needed a change
of pace. Still others expressed that they did moeustand how manipulatives could
replace traditional teaching using paper and pgndilen teaching to the curriculum
mandated by state standards.

Challenges of Virtual Manipulatives

Teachers and students can enjoy free, easysioitiegto virtual manipulatives
via the Internet, with the disadvantage being timatall schools can afford well-equipped
computer labs with consistent Internet connecti®mdes (2008); Herrington, Oliver,
Reeves, and Woo (2002); and Durmus and KarakirRgp@dvanced research indicating

that teachers also face a number of challenges wigerporating technology in the
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classroom, particularly in the amount of time nektteteach one lesson. Many teachers
consider their skills limited and fear that teachiessons with virtual manipulatives will
not help students develop either proficiency inuke of technology or an understanding
of mathematical concepts. Others do not know hointegrate computer-generated
lessons into their existing curriculum (Rhodes,&@uffin, 2010). These researchers
found that other challenges with virtual manipweas occur when students and teachers
have limited knowledge of the workings of the Weld géack experience with
maneuvering through search engines to locate neaededrces. Another formidable
challenge was with the Internet server that hodtegorogram being susceptible to
overload and thus crashing, causing participankss® their work towards particular
learning objectives. Internet connections candad school buildings can lose their
connection to the World Wide Web, resulting in i losing their motivation to
continue towards achieving the learning objectimernet connections also may become
congested with many users that they will eitheraggeslowly or cease to function. This
can result in student frustration and loss of ggeimn achieving the learning objective.
Technology is not flawless and can lack dependsbthus reducing the quality of the
learning experience (Rhodes, 2008; Herington, @li&Reeves, 2003; Dumas &
Karakirk, 2006).

Another concern of teachers, according to rebeas, (Moyer, 2001; Rhodes,
2008; Duffin, 2010) is that only a few mathematipedblems may be completed in one
class period, which reveals their assumption thatens better when teaching material.
The results from surveys administered to teacheggested that if children in their

classes did not complete at least 20 problemsagdsigned worksheets, then they were
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not experiencing the necessary activities assatiaith learning the lesson objective.
Many of the teachers surveyed tended to judge studarning strictly by the volume of
material covered and thus were concerned with cetimgl all details of the assigned
curriculum (Moyer, 2001; Rhodes, 2008; Duffin, 2D10

Teachers also noted that when students becomeatietvith the virtual lesson,
they tend to venture out on the Web to sites trehat pertinent (Rhodes, 2008). They
believed that students need teachers to monitardheask behavior and to provide the
necessary assessment feedback to work througlenfali. Teachers also expressed
concern with the issue of students’ possible depeoel on virtual manipulatives. Meyers
(2001) and Rhodes (2008) found that teachers esgongly that students need to
memorize their multiplication facts, and if theypgad solely on a computer or calculator
to solve mathematics problems, they might not hhgdoundation to problem solve
when placed in a realistic setting without these#gat their fingertips.

School districts frequently deal with finangmeibblems when attempting to
reduce deficiencies in the area of technology fipsut the operations of computer labs.
Many districts do not have the funds to providentenance services to computer labs
when the need arises. Others do not have the Eto establish and maintain the
necessary connections to the Internet or to upgfraesystems in a timely manner.
Summary

This review of the literature sought to addies® virtual manipulatives are
complementary to concrete manipulatives when tegcmathematics, as well as how
students perceive the effectiveness of their legfonderstanding when taught

mathematics with both concrete and virtual manifpga. The literature review also
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addressed how teachers directly involved in usot@ boncrete and virtual
manipulatives when teaching mathematics can deterthieir effectiveness in improving
the academic performance of students.

Chapter 3 contains details of the methodologdusy the researcher. This study
utilized a quasi-experimental methodology to deteenif adding virtual manipulatives to
existing concrete manipulatives in the seventh-gradthematics curriculum would
increase students' mathematics composite scorsmondardized and teacher-created
assessment$he chapter includes details of the selection efath participants and their
involvement, the instruments used, the settindnefstudy, and the quantitative and

gualitative methods employed.
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Chapter Three: Methodology

Resear ch Overview

Chapter 3 contains an explanation of the methoed by the researcher to gather
and analyze data during the study, as well as erigéisn of the participants, controls,
methods, and procedures employed in the studyisBaes of bias and internal validity
are considered in this chapter, as well as a joatibn of the methodology used. The
researcher’s primary interest was whether studehtsused virtual manipulatives
coupled with concrete manipulatives in the mathasatiassroom outperformed
students who used only concrete manipulatives.
Rationale

The researcher wanted to determine the impagtahasing technology in the
mathematics classroom but could not find ample tji@ive or qualitative evidence in
the literature to support a measurable differencgudent achievement when
incorporating technology. This study compared tlah®@matics assessment scores of
two groups of seventh-grade students; one groug viseial manipulatives paired with
hands-on (concrete) manipulatives, while the otised only hands-on manipulatives.
The researcher’s primary interest was to gain hisiggo whether students who used a
combination of virtual and concrete manipulativesuld outperform students who used
only concrete manipulatives.
Resear ch Hypotheses

Null hypothesis (Ho) - Students taught mathematics with virtual manipuésiin
addition to concrete manipulatives in a seventligraathematics curriculum will not

demonstrate a measureable change in mathematigmsdmscores on standardized and
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teacher-made assessments compared to studentszathlematics with only concrete
manipulatives.

Hypothesis (H,) Students taught mathematics with virtual manipuésiin
addition to concrete manipulatives in a seventldgmraathematics curriculum will
demonstrate a measureable change in mathematies ssostandardized and teacher-
made assessments compared to students taught nasitteewith only concrete
manipulatives.

The researcher will answer the following questipn(s

1. How do students perceive the effectivenesseaif tearning/understanding

when taught mathematics with both concrete andalirnanipulatives?

2. How does the teacher who has experience usihigcoocrete and virtual

manipulatives to teach mathematics perceive hectfeness when using only

concrete manipulatives?

3. How does the combination of virtual and concresaipulatives affect the

academic performance of students in the area dienstics as opposed to the

use of only concrete manipulatives?
The Nature of Manipulatives

Manipulatives help students to develop the skidlsessary to solve specific
problems in mathematics. Heddens (1997) believadstiudents are introduced to
manipulatives in mathematics without a consistehb$ instructional strategies and
guestioned if employing manipulatives in mathensatnstruction actually leads to
increases in student achievement. Heddens maidttae employing manipulatives in

mathematics helps students to develop a greatarstatiding of the skills necessary to
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solve problems successfully. Researchers havegnoted the potential negative effects
of using manipulatives to teach mathematics, beipibsitive effects on student learning
feature more prominently in the literature (Reir&avioyer, 2005; Ainsa, 1999; Uttal,
Scudder & DelLoache, 1997). The intent of the regwarconducting the study presented
here was to provide an explanation of the relatignbetween student achievement in
mathematics and the use of manipulatives to teathematics in the elementary school
classroom. This mixed methods study proposed truahiie if the joint use of concrete
and virtual manipulatives in teaching mathematans iesult in a measurable change in
achievement among elementary school students.

Picciotto (1993) maintained that manipulatives extraordinary tools that can
help all students, but particularly low-achievingdents. Jones (1986) found that when
students were able to visualize a mathematicalaqtrio action, they developed a deeper
level of comprehension, which contributed to inseghmotivation to continue learning
among both high- and low-achieving students.

This study utilized a mixed methods design. Johrss@hOnwuegbuzie (2004)
defined mixed methods research as “the class earel where the researcher mixes or
combines quantitative and qualitative researchriiggies, methods and approaches,
concepts or language into a single study” (p. Eigenkel and Wallen (2006) concluded
that mixed methods studies provide a more extenmveeption of the research. This
type of research enables the researcher to prbvattequalitative and quantitative data,
thereby, expanding the understanding of what wadies. This mixed methods research,
referred to as a triangulation design, was empldlgszlighout the study. According to

Fraenkel and Wallen (2006), “Triangulation desigmvhen the researcher simultaneously
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collects both quantitative and qualitative data”4#3). The purpose of this study was to
determine if adding virtual manipulatives to exigticoncrete manipulatives in a seventh-
grade mathematics curriculum resulted in a meableehange in the students’
mathematics composite scores on standardized aokdeecreated assessments. The
researcher also compared the two research grouapgnreflections on the impact of
concrete and virtual manipulatives on their ownneay. She believes that using a mixed
methods research design will clarify the importaoteirtual manipulatives during
mathematics instruction and produce more dependialoliegs (Frankel & Wallen, 2006;
Johnson & Onwuegbuzie, 2003).

The researcher believes that technology, ifidima of virtual mathematics
manipulatives, in conjunction with concrete mangtivies already utilized, is essential
for enhancing mathematics instruction by ensurtngent understanding of mathematics
concepts in a seventh-grade mathematics classviftbal manipulatives overcame some
of the limitations of concrete manipulatives, sashimited materials and storage space.

This study compared the effectiveness of usorgrete manipulatives alone
versus in conjunction with virtual manipulativesilghiteaching mathematics to seventh-
grade students. When students had the opportunitigtialize a mathematical concept in
action, a deeper level of understanding was obdefeaddition, it was expected that
better retention would allow teachers the oppotyuin decrease the amount of review
material incorporated into lessons at the beginoirte year, thus allowing substantial
new growth. If students could retain more inforroagiteachers could move forward at a

faster pace and cover new material.



INCREASING MATHEMATICS ACHIEVEMENT SCORES7

Manipulatives are concrete or virtual objects ttaat be used to represent abstract
mathematical ideas. Moyer (2001) found that maifngs have visual and tactile appeal
to students and can be manipulated easily throagddion experiences. Manipulatives
serve as tools for teachers to give meaning taatishathematical ideas.

Participants

The school district in which this study was cocigd is located in the Midwest.
The district is organized into seven buildings, ethinclude kindergarten through eighth
grade, one early childhood center, a freshman acade sophomore academy, one
building for eleventh- and twelfth-grade studeatsd another for seventh through twelfth
grade. Ninety percent of the district's schoolseha@en identified as not making
adequate yearly progress as mandated by the sidiiarently are receiving federal
money to improve the academic achievement of gtadents. During the 2010-2011
school year, the school district’s population resth,237.

This is an urban school district in which 90.8%students are classified
economically as living at or below the federallsigmated poverty level. In 2010, all
schools qualified for federal Title | remedial ingition services, with one school
designated for full federal assistance. Familighiwithe school attendance area are
classified as economically disadvantaged and haveetl means of support; therefore,
100% of the school's population receives free deesshland lunch during the school
week. The ethnic background of the district's stipopulation at the time of this study is
detailed in Table 1.

In the school year during which the study was cmtedd, 2010-2011, 20% of the

students were receiving special education servideste was a 20 to 1 student-to-teacher



INCREASING MATHEMATICS ACHIEVEMENT SCORESS8

ratio at the elementary school level, and a 17 dtudlent-to-teacher ratio at the secondary
level. There was one administrator for every 164isnts.
Table 1

Demographic Information

Caucasian African Hispanic Asian Native American 2 or
American Hawaiian/Pacific Indian more

Islander races

School 5.7 93.1 0.0 0.0 0.0 0.0 1.2
District 10.0 88.4 0.9 0.0 0.0 0.0 0.6
State 51.4 18.3 23.0 4.1 0.1 0.3 2.8

Information taken from study district website

Table 2

School, District, and State Comparisons

Percent Percent Percent Chronic Mobility Attendance Total

low Limited IEP Truancy Rate Rate Enroliment
income* English Rate
Proficient
School 95.8 0 21.0 1.8 19.9 94.6 405
District 90.2 0.1 20.0 7.0 23.2 90.3 4237
State 48.1 8.8 14.0 3.2 12.8 94.0 2,074,806

*Low income refers to students who come from faasilieceiving public aid

Information taken from study district website

Additional statistics pertaining to the commuratyd the schools are provided in
Table 2. The site for this research study was drtleeodistrict's seven kindergarten
through eighth grade schools, which was classdedequiring federal improvement

funding. The participants in this study includedsé&¥enth-grade students in two classes
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at the same elementary school. Demographicallyhtiiding’s seventh-grade population
consisted of 100% African American students divided two classes, which were
formed by random assignment of students duringebgstration process.
Experimental vs. Control Group

Students in the experimental group, which combiwigdal manipulatives with
concrete manipulatives, were scheduled for ingtvadh the computer laboratory three
times per week. The teacher utilized eight websitiesn directing students with virtual
manipulatives (Appendix A). These websites conthineth dynamic and static
manipulativesMath Playgroundenabled students to explore mathematics conaepts i
user-friendly manner. Students enjoyed this maaijpé and were eager to explore the
lesson objective-raction Makerwas enlisted so students could learn fractions;
depending on their skill level, they would startiwan identifying fractions program and
then continue on to programs that taught them lworgriame , compare, add, subtract,
and divide fractions. Students also experimenteal different patterns by increasing and
decreasing the size of fractioaldo’s Mathapplet allowed students to try different
procedures to learn how to solve simple equatiBash time the student clicked on
“New Problem," a new equation appeared for thesotee. There were five levels of
difficulty, and students chose which one they wadrtetry. Tangrams based on the
ancient Chinese tangram blocksai virtual manipulativavailable through the National
Library of Virtual Manipulatives website. The blackan be dragged, rotated, and flipped
to enable easier copying of moddPain Balance — Numbers one of a series of virtual
manipulatives available through the Illuminationsbsite that assists students in

investigating the concept of equivalendecytech Educational Java Prograndesigned
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by Jacob Bulaevsky, includes interactive toolsseweral manipulatives used in the
middle school grades; those used in this studyided base 10 blocks and fraction bars.
Matti Math helps students understand mathematics wasuml objects that display
mathematical relationships and applicatidngeractivate Manipulativeallows students
to visually examine, explore, and develop concepiisdents sorted colored shapes into
bar graphs using this manipulative that helps stigi® practice sorting by shape or by
color. Study Islandengaged students in web-based instruction, peaitd assessment.
This site covered all of the required content afeasnathematics instruction in
alignment with the state standards.

Table 3

Demographics of Control and Experimental Groups

Group #of Girls # of Race by % # of Special Ed.
Boys Students
Experimental 12 10 100% African 0
American
Control 11 11 100% African 0
American

Students in the experimental group were assigregouter in the school’s
computer laboratory, which housed 30 computersrdivere five rows with six
computers in each row. The setup of the compubarédory afforded ease of
conversation between the students and enable@dbbdr/researcher to easily maneuver

around the room to watch and listen to studentactens.
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There was no recruitment of participants. Matages is a core subject that all
students are required to take. The experimentalitons were based on the ability of
the mathematics teacher to bring only one of hessas to a computer lab to use virtual
manipulatives.

Procedures

The same teacher taught mathematics to stuoebtgh the experimental and
control groups. She employed only concrete manipaia to teach mathematics in the
control group, but used both concrete and virtuahipulatives to teach mathematics in
the experimental group. An example of manipulatied were used both in a virtual
form and a concrete form were the two-sided cHiesl on one side and yellow on the
other, these chips were used when introducing stade the concept of adding integers.
The students in the control group used the concnai@pulative (two-sided chips) to
explore ways to solve addition problems. The sttgland teacher explored with the
chips to establish the rules for adding integehe @&xperimental group used their
computers and the interactive whiteboard in thieissroom. The teacher modeled the
lesson on the interactive whiteboard, and thersthéents accessed the website on their
individual computers. They used the interactivegetr website to manipulate the two-
sided chips just as the control group had, butuirtaal manner. The experimental group
experienced the same steps as the control grogmrideg with an introduction to the
lesson and then establishing the rules for additegers.

Both groups of students were taught for the sameunt of time in the morning.
The mathematics teacher administered the lowadfdgasic Skills (ITBS) in the fall

and again in the spring after the independent blrigboth concrete and virtual math
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manipulatives) had been employed. The fall tesblekthe researcher to calculate an
average mathematics score for both the controtlzméxperimental group before
experimentation. It represented a starting poidtserved as a pre-test displaying the
mathematical abilities of each student (See Taple 4

The ITBS was administered again in the spring pesttest to both the control
and experimental groups. The researcher usddst to compare differences in the
means of the dependent samples in the average matibe score of the control group
from the fall ITBS to the spring ITBS administrai®(Bluman, 2008). Bluman (2008)
stated that &test is, “a statistical test for the mean popola&nd is used when the
population is normally or approximately normallgulibuted” (p. 415). The researcher
then used &testto compare the differences in mean mathematicesaor the spring

ITBS between students in the control group andesitglin the experimental group.

Table4

Average ITBS Scores by Grade Equivalencies

Pre-ITBS Post-ITBS
Experimental 7.7 9.3
Control 6.0 6.6

The teacher did not alter any part of the existagiculum in order to implement
virtual manipulatives. Each lesson had a virtuahponent that was adapted so that it
could be taught using concrete manipulatives amaaipulatives at all (only paper and

pencil).
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The researcher observed students in both theriexgntal and control groups as
they were learning the same lessons in their réispetass periods each morning. The
researcher observed each group approximately tweshper week for seven months (see
observation form in Appendix B). The researchebsayvations were focused on the
engagement of the students and teacher. The raseavatched closely to see if there
was greater engagement in the experimental grotipearontrol group, as well as to
assess the motivation level demonstrated by thbenadtics teacher.

The experimental group utilized the computer labmy on Mondays,
Wednesdays, and Fridays during the morning and edbitk groups of four that allowed
them to engage in discussion while collaborativeding concrete manipulatives or
working through problems with paper and pencil. Wittheir groups, students were
assigned classroom locations and roles for eack am@ were presented with clear
classroom procedures by the teacher using an atiezavhiteboard situated in front of
the room. One student retrieved the group memipefig'ctive journals, another obtained
the manipulatives they would be using, anothereyathmiscellaneous supplies (e.g.,
markers, pencils, paper, rulers), and the lastgroember secured the group’s books.
Students gathered these items quickly, so litthetwas spent on this process. Students
listened to the teacher's explanation of procediarethe day's lesson and then began
working. The teacher circulated around the clagsrobserving students and listening as
they interacted with each other. Students begakingindependently and then were
given time to collaborate with their group membé&fer a designated period of time,
the teacher asked each group to present theii@ohat the problem of the day. If some

groups experienced difficulty reaching a corredtison, she assigned a peer tutor and let
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them explore possible solutions to the problem withtutor’s help. The entire class
assembled toward the end of the session to disicussgs. The class always worked out
the problem with the manipulative and wrote thest@aken to reach their solution. The
last few minutes of class were dedicated to writirjgurnal reflection on the day's
lesson.

Students in the experimental group completettevrireflections at the end of the
lessons, some of which were based on questionsas¢kiow did the virtual
manipulatives help you to learn mathematics today®l' “How did you feel about using
technology in class today?” Students in the corgroup wrote reflections on similar
guestions, such as “How well did you understandbttjective of the lesson today?” “Did
the tool you used today make it easier for youotmplete the task” and “Is there
anything that could have helped you to learn tkeda easier?" Reflective journal
writing from both the experimental and control ggewvas utilized to gauge student
motivation, progress, and attitudes toward theafiseanipulatives, both concrete and
virtual. Burns (1996) noted that journal writingcserve as an effective procedure to
augment a student's mathematical thinking and camgation skills. When students are
encouraged to write reflectively in a mathematargpal, it allows them opportunities to
self-assess their learning. When students engagerinal writing, they are reflecting on
their problem-solving skills for each activity. Theust think about the steps they took
to problem solve and then accurately and cleanigroanicate those steps. This review of
the mathematics problem and the process usedue g@ncourages deeper thinking and
allows the student to gain an important perspe@haut the manner in which the

challenge was solved. Math journals also allowtdaeher to determine if students are
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forming deep understandings of the presented césiCEpe journal works as an
assessment tool for the teacher. Students alsoseathe journals to communicate with
the teacher about any specific concepts they domaerstand in the lesson (Burns,
1996; Burns & Silby, 2001). In this study, the clam teacher used the reflections,
which were class assignments, to assist in impgpliar classroom instruction.

On days when the experimental group workethéncomputer laboratory, the
teacher took a cart on wheels containing the risfiegournals, pencils, instructions, and
papers needed to record findings; this enablegttidents to maintain the same
procedures as those used in the regular classrboethree days spent in the computer
laboratory each week began with an introductiothéovirtual manipulative applet that
the students would utilize for each particularrnstional period. Students received their
assignment for the computer laboratory, as we#l detailed objective sheet with
instructions for using the virtual manipulativeu&nts also received paper on which to
record their findings, which also helped them wydbcused on the specified learning
objective. The teacher read the directions and@ssstudents in accessing the necessary
website before beginning independent work.

The virtual and concrete manipulative treatmentigsowere designed to be
treated equally with the exception of the environm&niformity in lesson design with
the same teacher serving as the instructor for gxathps was important to minimize
extraneous variability between the two environmenite only difference between the
two groups was the lesson sheet. The control gnadpa lesson sheet written on paper,
while the experimental group accessed problemsotimdomputer screen and paper.

Both groups were required to write reflectionshait journals.
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Development of the I nstruments

This study utilized a mixed methods design congistif both quantitative and
gualitative data collection. One aspect of the itgiale part of the design was the use of
students’ reflective journal writings. Journal wrg@ afforded students an opportunity to
expand their metacognitive skills, enabling thenmterpret the factors influencing their
thinking. Burns (1995) stated that students couth@ne their journals to evaluate
themselves on items they understood and deterntinghvitems were still new and
confusing to them. The students received a listritfing prompts that would require
them to reflect critically upon their lessons (Apde B). Students were not required to
write on all prompts; rather, they were instrudie@¢hoose from the list an appropriate
prompt for the day’s lesson, without using the same or two each time. Such reflective
writing required students to show their understagdif the procedure they followed in
order for others to replicate it. Reflective joumalso served as a useful assessment tool
for the teacher and offered further insight asdw lthe students viewed their own
learning (Burns, 1995; Burns & Silby, 2001). Bydaey student journals, the teacher
was able to determine if further practice was ndeataf a true understanding of the
material had been reached. Additional qualitatm@ponents consisted of the interview
with the mathematics teacher and the observatibtieedwo classrooms by the
researcher. The observations enabled the reseadocfoeus on student engagement and
motivation during the lesson. The researcher diseiwed the teacher and recorded her
interaction with the students and the lesson. €searcher chose those specific
observable characteristics to determine if theugirmanipulatives were more engaging

and motivating than their concrete counterpartgierstudents and teacher. The
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guestions presented to the teacher focused omihariance of the virtual manipulatives
in her classroom. Her insight enabled the reseatohgain a deeper understanding of the
teacher’s eagerness to incorporate the virtual oot into her lessons. The teacher
answered the following questions:

1. How do you integrate virtual manipulatives igtur mathematics lesson
plans?

2. How does the addition of virtual manipulatives/our existing mathematics
curriculum allow for differentiating instruction toeet the needs of
individual students?

3. How has the use of virtual manipulatives affdident
engagement/motivation in your mathematics lessons?

4. What kind of feedback does the use of virtuahipulatives provide for the
student?

5. How does the use of virtual manipulatives inleatatics affect student
understanding of the purpose/target(s) for eagdoleyou teach?

6. How does the use of a computer in mathemallimw atudents to use virtual
manipulatives to authentically discover mathematekationships?

7. How does the use of virtual manipulatives prtemodependent and
autonomous student learning?

8. How does the use of virtual manipulatives enage students to collaborate
with their peers?

10. How has student understanding/learning in erattics been affected by the

use of virtual manipulatives?
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11. Would you recommend to teachers the use tafalimanipulatives in their

mathematics classrooms? Why?

The guantitative data in this research incluslaates on the lowa Test of Basic
Skills pretest and posttest, the lllinois Standadsievement Test, which is an end-of-
year standardized assessment, and the distric€COMHP pretest and posttest, which
measures gains in student achievement.

Quantitative Measures

Pretest. At the beginning of the study, students took tfairITBS. This test
assessed their grade equivalency level prior tatie of manipulative use. The ITBS
pretest also allowed the researcher to determmarntiount of growth the two groups
achieved between taking the pretest and postteeediiBS. The pretest and posttest
items were identical to assist the researchersoray) reliability between the two tests.
The pretest score constituted an average scoeabtr group prior to the experimental
period.

A posttest was administered at the conclusiah®®experimental period. This
was a standard test administered to the entiregy stistrict. The researcher calculated the
average score for each group and conducted atist@tmsnalysis to compare the change
in achievement between each group over the ingtnadtperiod in which the experiment
occurred. Students also took the district testMREOMP, a series of revised math
computation assessments serving as the leadingsasset and data management system
for Response to Intervention (RTI) implementatiBil is a method of academic
intervention used in the United States to proviadye systematic assistance to children

who are having difficulty learning. RTI seeks t@pent academic failure through early
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intervention, frequent progress measurement, aréasingly intensive research-based
instructional interventions for children who contto experience difficulty. The M-
COMP, in terms of format, assesses a number ofrimearks and progress-monitoring
probes at all grade levels. The M-COMP probesraidentifying students who would
benefit from the RTI method, thus allowing for gartervention and progress
measurement. The M-COMP essentially is a math ceettipn assessment that assesses
students' mathematical levels, tracks their matletstanding over time, and helps
teachers differentiate instruction according talehis' needs. The M-COMP is without
bias because it is computer generated and corgalmnced content to provide a greater
depth of information and increase alignment otdatent closely with the district's
curriculum standards (Pearson, 2011). This testadasnistered once during the first
guarter of the school year and again during thedhaidf the fourth quarter.

Table5

Averages for M-COMP

Pre M-COMP Post M-COMP
Experimental 30.1 38.2
Control 22.1 255

The lllinois Standards Achievement Test (ISAT) asss the academic gains
made by students in the school district. Accordmthe lllinois State Board of Education
(ISBE) (2011), “The ISAT measures individual studachievement relative to the
lllinois Learning Standards. Results of this scame applied to the No Child Left Behind

Act, for purposes of identifying failing schooldSBE, 2001, para. 1). The ISAT is a
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state-mandated test administered to all third-ughoeighth-grade students in the state
during the same mandatory spring testing perio@. [BAT enables teachers to identify
where individual student achievement gains andlprob exist. This test was
administered at the end of the third quarter ofstiuely district’'s school year. The
researcher evaluated students’ scoresfamadulated an average for both classes to
determine if the data aligned with the ITBS and KNP outcomes.

Table6

Spring 2010 ISAT Summary

Warning Below Meets Exceeds
State 2.2% 13.5% 53.9% 30.4%
District 2.7% 20.7% 68.7% 7.9%
Building 2.5% 22.8% 65.8% 8.9%
Experimental 0% 5% 73% 23%
Group
Control Group 5% 32% 55% 9%

Information taken from the study district website
Qualitative M easures

Field notes, the researcher’s observations andhictiens with students,
students’ reflective journals, and the interviewthathe classroom teacher were used to
evidence the importance of virtual manipulativethia mathematics curriculum. The
researcher used coding to analyze the qualitatite, thaving established a set of codes
prior to observing the two classes. Inductive cgdiras used initially to keep track of

behaviors, activities, conversations, and partteypeby the students and teacher. The
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researcher then found relationships that conndwedodes and grouped them according
to their common themes. The researcher spent twshper week for seven months
observing the students and teacher during classhestnuction. The researcher took
notes and observed students as they interactecon&another and the teacher. In
particular, the researcher was looking for posigmgagement between the
manipulatives, the students, and the teacher. blegrgations also centered on verifying
a deeper level of understanding of mathematicatepis because of student interactions
with both peers and the teacher. She used an abseryorm that focused on the
objectives of each lesson, which type of manipuéstiwvere employed, and the interest
level and attitudes displayed by students (AppeixThe researcher observed teacher
and student attitudes as they interacted during Esson. In some instances, students
communicated directly with the researcher duriregdhservation.

The students also kept a reflective journal wlid @answers to questions posed
by their teacher. The journals showed studentsgptions based on their attitudes and
academic progress during the various lessons. (Quegiosed by the teacher were
always open-ended and led to further discussi@tuments talked amongst themselves
The researcher was looking for ease of the mathesrasson for students, engagement,
and collaboration among students and the teaclherrdsearcher also was searching for
evidence of the attitudes of the students andeehier in both groups.

The researcher also interviewed the mathematichéedo better understand
her thoughts on the use of the manipulatives. Bsiom evolving from this interview

centered on the teacher's insights as to studgagement and motivation during the
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lesson, as well as student feedback regardings@®ivirtual manipulatives and
perceived enhancement of learning based on thepmlatives’ authenticity to students.
Reliability and Validity

It has been the researcher’s experience thdg¢istlearning can be affected by
the time of day in which it occurs. Therefore, nder to assure validity, both classes in
this study were taught within one hour of each gttiee first from 8:30 - 9:30 am and the
second from 9:35 - 10:35 am.

The same math teacher instructed both the dambexperimental groups to
eliminate the effects that differences in teachstydes might contribute to the study.
Curriculum materials were identical for both thetrol and experimental groups.
Reliability and Validity of the Instruments

Fraenkel and Wallen (2008) stated that, “Validéfers to the appropriateness,
correctness, and usefulness of any inferencesana®er draws based on data obtained
through the use of an instrument” while “Relialyiliefers to the consistency of scores or
answers provided by an instrument” (p. 165).

Pearson (2011), the publisher of the M-COMP, hagla-based universal
screening and progress-monitoring system, AIMSweétich now features an updated
assessment of math computation probes for gradethoough eight. The content
validity of the assessment was revised using fegdivam the previous assessments, the
M—-CBM and the M—CBM2. The data indicated that apygythe weighted scoring
system to the M-COMP minimized the scoring timeximazed sensitivity to growth,
and made it easier to control for the students skioped to the easiest problems

(Pearson, 2011). Pearson also noted that the itéliad the M-COMP assessment



INCREASING MATHEMATICS ACHIEVEMENT SCORES3

supported longitudinal data when scores were eduatthe former assessments, the M-
CBM and the M-CBM2. Pearson (2011) once againdedie user feedback from the
former assessments to re-evaluate the curreningcprocess against a weighted scoring
system on another assessment (M-CAP). Pearsomwatsable to improve upon the
reliability of the psychometric soundness of thegesss. This is of importance according
to Gardner because it deals with the design, adination, and interpretation of
guantitative tests for the measurement of psychcdbgariables, such as intelligence,
aptitude, and personality traits (Gardner, 1991).

The lowa Test of Basic Skills (ITBS), developegdtbe faculty and professional
staff at The University of lowa and published thgbRiverside Publishing, contends that
researchers have assessed the validity and rélatfithe ITBS. Time limits on the
assessment were determined during empirical statié®bservations to yield maximum
information regarding student achievement. Timekdovere set to ensure concentration
and limit student distraction (University of lowa).

The ISAT includes a combination of items proalbg Pearson-San Antonio and
items written by lllinois teachers. Iltems from teé®/o sources were combined into new
forms that are scored and analyzed as a singlél $3):

The Pearson items are part of the Stanford Achiem¢mest, Tenth Editio(BAT

10) and allow reporting of nationally norm-referedaesults such as national

percentile ranks, stanines, and the percent oestsdn national quarters.

However, students’ ISAT scale scores, which desegoae of four performance

levels (Exceeds Standards, Meets Standards, Betawd&ds, Academic

Warning) are based on all items combined (i.e., 38&nd lllinois-developed
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items). The resulting mix of items fully covers tiiaois Learning Standards.

(ISBE, 2001, para. 4)
Dependent and Independent Variablesand Internal Validity

The researcher controlled the use of the vimuahipulatives in this study in
order to determine if these manipulatives were @ased with a measureable increase in
student achievement. In an experimental study, ‘fEsearcher manipulates one of the
variables and tries to determine how the maniputaitifluences other variables”
(Bluman, 2008, p. 14). According to Bluman (2008he independent variable in an
experimental study is the one that is being maatedl by the researcher. The
independent variable is also referred to as théaeapory variable. The resultant variable
is called the dependent variable or the outcomablk” (p. 14). The experimental group
in this mathematics manipulative study was insedatith both virtual and concrete
manipulatives, while the control group was instedgictvith concrete manipulatives alone.

According to Fraenkel and Wallen (2006), “Intdrmalidity means that observed
differences on the dependent variable are direethted to the independent variable, and
not due to some other unintended variable” (p. 168 researcher identified possible
threats to the internal validity of the study. Qyge of threat is participant selection,
“Which are the biases that may result in the seleaif comparison groups, a counter-
attack against this is the randomization or randgsignment of the group membership”
(Yu & Ohlund, 2010, p. 1). Participant charactecsdid not threaten the internal
validity of this study because the sample was sedeithrough the process of the school
district’s registration. Grisham and McCauley (2Pthated that “Scores can change due

to maturation occurring in subjects due to the pgs®f time, in order to validate the
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maturation of the study, it needs a control (consoeax) group that does not receive the
intervention/course” (p. 3). Participants will naglly change over time due to
maturational growth; thus, the researcher’s obsienvaand the students’ reflective
journals were important to the validity of the stud@he researcher’s observations and
student reflective journals were chosen as a mathddta collection to acquire student
understanding. The study was composed of an expetahand a control group. Loss of
participants was a concern due to the districtgh mobility, truancy, and absenteeism
rates. Only students present for the ITBS pretesewllowed to participate in the data
collection process. To reduce the possibility thrag group would be treated
advantageously all of the mathematics instructias wonducted in the study school’'s
computer laboratory or the mathematics teachea'sscbom. According to Fraenkel and
Wallen (2008), implementation threat, “Raises thegibility that the experimental group
may be treated in ways that are unintended andewsssarily part of the method, yet
which give them an advantage of one sort or anb{ped 79). In this study,
implementation threats were minimized by one teatgshing both the control and
experimental groups. The researcher observed amdiewed the teacher to gain insight
into her feelings toward the use of the concretk\artiual manipulatives.
Summary

The research design allowed data to be collgmeihining to student
achievement while learning with both concrete ainadi@l manipulatives in the
mathematics classroom, as well as to their attgddeards mathematics. Students need
motivation to grasp and execute different matherahtioncepts, as well as to create

conceptual knowledge for future endeavors. Browd®{2 claimed that manipulatives are
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not just fillers for class time; they are the kéysnaking the connection from abstract to
concrete understanding in everyday situations.u sthey are critical for enhancing
student achievement.

The intent of the mixed methods study was temeine if adding virtual
manipulatives to existing concrete manipulativethmseventh-grade mathematics
curriculum increased students’ mathematics comgpesiires on standardized and
teacher-created assessments. This chapter inciudisgussion of the overall design of
the study. The instrumentation and alignment ofinlseuments were discussed, along
with the validity and reliability of the instrumemtin order to demonstrate that the
instruments were suitable assessment tools. Fjriakdyquantitative and qualitative data
analysis procedures were discussed and will beyaedlfurther in Chapter 4 in a detailed

discussion of the data.
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Chapter Four: Results

This study analyzed the effect of using concaete virtual mathematics
manipulatives in teaching mathematics in a sevgndlde classroom. The purpose of this
study was to determine if adding virtual manipwesi to existing concrete manipulatives
in the seventh-grade mathematics curriculum woeddilt in a measureable change in
students' mathematics composite scores on stamddrdnd teacher-created assessments.
The researcher also compared the two groups’ wiiglections on their own learning
using manipulative§ his study utilized a mixed methods research desutch will be
described in chapter 4 as the use and analysistbfdquantitative and qualitative
methods. The qualitative data consisted of thevides with the teacher, the researcher’s
observations, and the information garnered fronsthdents’ reflective journal writings.
The quantitative data included the statistical deskriptive results of the ITBS, M-
COMP, and ISAT assessments.
Resear ch Question #1

The first research question was: How do studentsepee the effectiveness of
their learning/understanding when taught mathematith both concrete and virtual
manipulatives?
Students kept a reflective journal in which thegoreled their thoughts to prompts given
by the teacher. One student wrote, “The computetenmaath easy and fun for me, | was
able to actually figure out how to multiply fraati®. | think it was because the computer
lets you know if you are right or wrong and thehetps you figure out how to do the
problem. | have a computer at home and tonight gamg to go home and try this

again.” Another student wrote, “I enjoyed the lessmday, because | could really move
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the angles and that let me see what they looked Bkfore this lesson | wasn't sure what
some of the angles looked like, but | was able tweérthe arms on the angle and saw the
degrees.” Another student wrote, “The class werguper-fast today, we were working
on fractions and we were able to compare our arsswigh the person next to us. This
really let me see if | was on track or not. Plus ¢omputer told us if we were right or had
to try again. We tried to get every answer rigiickof like a game.” Another journal
entry stated, “Today | had a really good time inttmaass. | don’t really like math and
can’'t wait for lunch. Today when we were workingamversions on the computer it
was fun. If | didn’t get an answer right away | tbtalk to the person next to me or the
teacher. If that didn’t work the computer helpedwuek through the conversions. They
can be really tough but I learned the formulascforverting them and | feel that |
understand what | am doing.” Ninety-five percentrad students believed that the
combination of the virtual and concrete manipukediwas effective in enhancing their
learning. The students believed that when theyonbt saw the manipulatives but were
able to see and touch them, they more quickly aelli@ deeper, more authentic
understanding of the objective. They enjoyed wagkaith the manipulatives, and felt
more motivated and engaged. Several students tedithat they went home and
continued their lessons on their own computers.
Resear ch Question #2

The second research question was: How does thieeteatio has experience
using both concrete and virtual manipulatives &xltemathematics perceive her
effectiveness when using only concrete manipulaftvehe teacher felt that she was

effective, but also had some issues. Some of guessthat surfaced centered on the lack
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of enough available manipulatives and the tendefisyudents to discard or take the
manipulatives with them. When she lacked manipudatior a lesson she would either
have two students team up or she would ask colésafishe could borrow the needed
manipulative from them. Some students would getasfk and start building shapes and
lose focus of the concept she was trying to incaieo When the teacher noticed off-task
behavior, she would attempt to make eye contadt thi¢ student(s). If this did not work,
she would approach the student(s) and quietly stadeling what she expected them to
work on. She would whisper to them (so that shendtddistract the rest of class) that she
believed they were not following directions, andhathis redirect, students were soon
working appropriately.
The questions presented to the study teacher weieesed as follows:
1. How do you integrate virtual manipulatives into yotathematics lesson
plans?
The textbook that | use has an “explore” sectiat #ilows integration of the
virtual manipulative. | use the interactive whitaebt to demonstrate the proper
manner for students to use the virtual manipulativeome students need further
assistance, they can work through their problentls mie as | go through the
steps on the whiteboard.
2. How does the addition of virtual manipulatives tmexisting mathematics
curriculum allow for differentiating instruction tmeet the needs of individual
studentshe virtual manipulative affords me the opportunidgydifferentiate
instruction to varying levels of mastery. The studecan use the manipulative for

a support as long as necessary until they mastezahcept. More advanced
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students can work on more challenging problemschvhlleviates boredom with
the lesson.

3. How has the use of virtual manipulatives affectedesnt engagement/
motivation in your mathematics lessoid students are highly engaged because
many are kinesthetic learners and become absaonktée iesson. Many students
view the virtual manipulative as a game and trfiricsh the problem as quickly
as they can. Students who normally would becomedoor fall asleep were
awake and engaged.

4. What kind of feedback does the use of virtual maaiwes provide for the
student?The virtual manipulatives provide immediate feexkbto the student.
They also provide visual feedback for students winght have difficulty in
grasping abstract mathematical concepts and cangdbese to their real-life
learning. Virtual manipulatives also have an augitimmponent that enables the
students to hear the question and the provided (@i which helps push them
towards the correct answer.

5. How does the use of virtual manipulatives in mathtes affect student
understanding of the purpose/target(s) for eacbedesyou teachThe virtual
manipulatives positively contribute to student ustending of the target for each
lesson by providing the opportunity for studentsise the manipulatives in ways
that make the lesson understandable for all learigtudents are able to turn, flip,
and rotate the dynamic virtual manipulative so thay can form a more concrete

understanding of the once abstract idea.
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6. How does the use of a computer in mathematics atadents to use virtual
manipulatives to authentically discover mathematietationships?Students use
the manipulatives to authentically discover mathisahrelationships to explore
possible solutions to problems. Problem solving jmart of everyday life; the
computer is a tool that most students own, so tiaeytake what they learn and
apply these concepts to their own lives.

7. How does the use of virtual manipulatives promoteependent and
autonomous student learnin@Pe virtual manipulatives promote independent,
autonomous student learning because they empowdsrgs to work through
problems without seeking constant assistance fromacher. Students come to
realize that there is more than one solution tooblpm, and they collaborate with
peers to find a resolution rather than relying lyoda the teacher.

8. How does the use of virtual manipulatives encourstgdents to collaborate
with their peers¥irtual manipulatives encourage collaboration heseastudents
peer tutor each other as they work. They explaiatwiiney did and how they got
there to peers so that their peers can then dugpliba successes as well.

9. How has student understanding/learning in mathecsdieen affected by the
use of virtual manipulativesStudent understanding and learning have been
greatly affected due to the use of virtual manipués. Students are excited to
come to their mathematics class and are eageetoidgal manipulatives. They
evidence their enjoyment of the immediate feedlzakcollaboration with their

peers as they find solutions to mathematics probldre use of virtual
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manipulatives has increased student scores on demgenerated and teacher-
designed assessments.
10. Would you recommend to teachers the use of vimaedipulatives in their
mathematics classrooms? Why@&s, | would recommend the use of virtual
manipulatives to teachers in their mathematicssctasn. The virtual
manipulatives enable the teacher to reach all stsds varying levels.
Mathematics lessons can be easily differentiatedeset the needs of individual
learners. Students are more actively engaged iledisen and stay on task for
longer periods of time. Students are more williogagwork areas that are giving
them problems, and when assistance is neededcdtiiajporate with peers instead
of wanting the teacher to do all the work for th&tudents seem to take more
pride in their mathematics lessons and share tosiits with each other. If
problems arise, they work through them and show e#izer the steps they took
to reach the solution, which mimics what we dovergday life.
Resear ch Question #3
The third research question was: How does the awatibn of virtual and
concrete manipulatives affect the academic perfoo@af students in the area of
mathematics as opposed to the use of only congratgpulatives? The teacher believed
that the students using both concrete and virtwadipulatives were engaged in their
learning and motivated to try even the more chgilam problems. The learning seemed
more authentic, thus enabling the students to medddife connections. These personal
connections formed a much more stable foundatiostfalent learning. Students

retained the information more quickly, and the hesicspent less time reteaching.
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Students also collaborated with peers on possdiigisns to their problems. The virtual
manipulatives reinforced the learning from the cete manipulatives to take it from the
abstract to the tangible. From an instructionatdpeint, virtual manipulatives provide
students with instantaneous, corrective feedbatni€nts & McMillen, 1996; Crawford
& Brown, 2003; Durmus & Karakirik, 2006; Reimer &adyer, 2005; Suh & Moyer,
2005). This immediate feedback benefitted the sttedienmensely as they did not waste
time waiting for the teacher to check their workamy authors contend that this ability
makes virtual manipulatives well suited to inquibgsed learning and problem solving
(Clements & McMillen, 1996; Durmus & Karakirik, 2600 Another pedagogical benefit
of virtual manipulatives demonstrated that they tiedability to provide multiple
representations of a single concept at the sanee(ttements & McMillen, 1996; Moyer
et al., 2002; Suh & Moyer 2005). Reimer & Moyer @3) argued that this ability
provided an advantage over physical manipulatiftgslike physical manipulatives,
electronic tools use graphics, numbers, and wondfi® computer screen to connect the
iconic with the symbolic mode” (p. 7). It has alsmen proposed that this ability
promoted transfer of knowledge from specific ideageneral knowledge (Clements &
McMillen 1996; Durmus & Karakirik 2006; Moyer et.a002; Suh & Moyer 2005).

Null hypothesis (Ho") - Students taught mathematics with virtual manipuési
in addition to concrete manipulatives in a seveagrde mathematics curriculum will not
demonstrate a measureable change in mathematiggosdmscores when comparing
Post-ITBS to Pre-ITBS.

According to Bluman (2007), an F-test or stat@ttest is used to compare two

variances (p. 653). An F-test to check for similasi in the variances concluded that they
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were not similar and the study could continue wititest for difference in means with
Unequal Variance. The F-test noted a p-value d @f)compared to an alpha value of
.05, which supports a decision to reject the nytidthesis (there is no difference in
variance). The probability was below the .05 legelthe researcher chose to use a two-
sample t-test assuming unequal variances.

Table7

Two-Sample F-Test for Variances in Mathematics &cor

ITBS
Experimental Control

Mean 7.495238095 6.014285714
Variance 3.07747619 1.015285714
Observations 21 21
df 20 20
F 3.031143005

P(F<=f) one-talil 0.008403955

F Critical one-tail 2.124153298

Students who received instruction using virtnahipulatives obtained a mean
score on the mathematics posttests of 9SIB-R.89); students who received
instruction using only physical manipulatives ob&l a mean score on the mathematics
posttests of 6.6050=1.13). The data in Table 8 noted a p-value of @®Bompared to
an alpha value of .05, which supports a decisiaeject the null hypothesis. The
probability was less than .05, so the researchsraleée to reject the null hypothesis and

conclude that there was a significant differencth@éachievement scores between the
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experimental and control groups. Students receivisguction with virtual
manipulatives in addition to concrete manipulatiyetded a higher average than those
using only concrete manipulatives.

Table8

Two-Sample T-Test Assuming Unequal Variances

Post - ITBS
Experimental Control

Mean 9.161904762 6.595238095
Variance 2.89147619 1.12547619
Observations 21 21
Hypothesized Mean Difference 0

df 34

t Stat 5.868549554

P(T<=t) one-talil 6.37915E-07

t Critical one-tail 1.690923455

P(T<=t) two-tail 1.27583E-06

t Critical two-tail 2.032243174

Null hypothesis (Hg) - Students taught by a teacher using concretepulatives
in the seventh grade mathematics curriculum witlexadence a measureable change in
mathematics composite scores when comparing PaSOWMHP with students’ use of
concrete manipulatives to Post-M-COMP with studemnds of virtual and concrete

manipulatives.
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An F-test to check for similarities in the \arces concluded that they were not
similar, so the study could continue with a t-festdifference in means for Unequal
Variance. The F-test noted a p-value of 0.04 aspewed to an alpha value of .05, which
supports a decision to reject the null hypothédie probability was below the .05 level,
so the researcher chose to use a two-sampledd®sining unequal variances. Before
choosing the appropriate t-test, the researchrdelse variances of the samples with an
F-test for differences in variances.

Table9

Two-Sample F-Test for Variances in Post-M-Comp

M-Comp
Experimental Control

Mean 29.14285714 22.04761905
Variance 119.4285714 114.447619
Observations 21 21
df 20 20
P(T<=t) one-talil 0.017831638

t Critical one-tail 1.720743512

P(T<=t) two-tail 0.035663275

t Critical two-tail 2.079614205

Students who received instruction using virtuahipalatives obtained a mean
score on the mathematics posttests of 385I8:-121.4); students who received
instruction using only concrete manipulatives aidia mean score on the mathematics

posttests of 25.4550=142.6). The data noted a p-value of 0.00 as coedpar an alpha
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value of .05, which supports a decision to rejbetriull hypothesis. The probability was

less than .05, so the researcher was able to tgaiull hypothesis and conclude that

there was a significant difference in the achievainseores between the experimental

and control groups. The experimental group inditatsignificantly higher average on

achievement than the control group.

Table 10

Two-Sample T-Test Assuming Unequal Variances

Post M-Comp
Experimental Control

Mean 38.18181818 25.45454545
Variance 121.3939394 142.6406926
Observations 22 22
Pooled Variance 132.017316

Hypothesized Mean Difference 0

df 42

t Stat 3.673806207

P(T<=t) one-talil
t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

0.000335425

1.681951289

0.000670849

2.018082341

After examining the results of the two grou@AIl scores, it was verified that

95% of the students in the experimental group (egterananipulatives coupled with

virtual manipulatives) met or exceeded the statadsrds in mathematics on the test. The
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state requires that 87.3% of the students meetameel the state standards in the area of
mathematics in order to make adequate yearly pssgiéherefore, the experimental
group made adequate yearly progress as mandatbe sjate. The control group (only
concrete manipulatives) did not make adequate yeaoigress as mandated by the state,
with only 55% meeting and 9% exceeding the statedstrds.

Table11

Achievement Based on State Standards

Warning Below Meets Exceeds
State 2.2 13.5 53.9 30.4
District 2.7 20.7 68.7 7.9
Building 2.5 22.8 65.8 8.9
Experimental 0 5 73 23
Group
Control Group 5 32 55 9

Summary of the Results

This study analyzed the effect of using a comatiam of concrete and virtual
mathematics manipulatives versus using concretepuiatives alone in teaching
mathematics in a seventh-grade classroom. Thetsaadicated that adding virtual
manipulatives to existing concrete manipulativethaseventh-grade classroom was
associated with a measurable change in studemihgaimhe interview with the teacher
indicated that she believed adding the virtual rpalaitives enabled the students to garner

a deeper understanding of the mathematical obgftiveach lesson. The students’
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reflective journals indicated that they developetkaper connection to the material.
Students were able to connect the objectives tdifeawhich enabled them to make
authentic discoveries in their learning. The reslear's observations in the two
mathematics classrooms led her to believe thadttaents who were given the virtual
manipulatives were eager to discover and sharefihdings with each other. They
accepted the challenging problems and looked frlt®that could then be applied to
real life. The students made real-life connectitmnthe lessons that demonstrated
ownership of and pride in their findings. When &mi$ received immediate feedback via
the virtual manipulatives, it encouraged them tegkprodding for different ways to
achieve their results.

An analysis of the quantitative data revealed students who were instructed
with both concrete and virtual manipulatives yieldehigher average than those using
only concrete manipulatives on both the ITBS an€MMP tests. An analysis of the
ISAT scores showed that 95% of the students irXperimental group met or exceeded
according to the state standards in mathemati¢eestate test. Further discussion of the

findings and future research directions will besgrgted in Chapter 5.
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Chapter Five: Discussion

This mixed methods study analyzed the impactsaig computer-simulated
(virtual) manipulatives and hands-on (concrete) imaatives, as opposed to hands-on
manipulatives alone, on seventh-grade studentilegm mathematics. Students'
composite mathematics scores on both standardimeteacher-created assessments
were compared. The researcher also compared edlel tvfo student groups' written
reflections of their learning as it pertained tdHooconcrete and virtual manipulatives.

The researcher analyzed the correlation betwesthematics achievement and
the use of both concrete and virtual manipulatifé® researcher believes that
technology, in the form of virtual mathematics npautatives, in conjunction with the
concrete manipulatives already present in manyadass, is essential for enhancing
mathematics instruction by ensuring student undedihg of mathematics concepts.
Using the results of this study to restructureringtonal practices could help to increase
student achievement in the mathematics classroom.

This study found that students who used bottvittheal and concrete
mathematics manipulatives demonstrated a measerehahge in mathematics scores.
The results also indicated that students enjoyadywsrtual manipulatives, which
encouraged them to work on more challenging problére teacher also exhibited a
positive attitude towards virtual manipulatives.

I nterpretation

The objective of this study was to determine tHeatfof using concrete

mathematics manipulatives coupled with virtual reatiatics manipulatives

(independent variable) on student achievement (uge variable), as opposed to
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using concrete manipulatives alone. To this ersla@stical analysis of the
experimental group’s (concrete and virtual manipwés) and the control group’s
(only concrete manipulatives) ITBS and M-COMP assent scores was conducted
using F-tests and t-tests to determine if the &&tdenced a measurable change. The
hypothesis stated that students taught mathenwaiticsirtual manipulatives in
addition to concrete manipulatives in a seventldgmraathematics curriculum would
demonstrate a measureable change in mathematiggsdmscores on standardized
and teacher-made assessments compared to stuamlagits inathematics with only
concrete manipulatives. The data analyses Usitests for differences in variance
andt-tests for difference in means enabled the reseatolrender a decision
regarding whether or not to reject the null hypstbe

The results of the ITBS scores between the twaofgs evidenced a
measurable change in the mathematics abilitietudisits instructed with concrete
manipulatives coupled with virtual manipulativefiep values of each group fell into
the critical regions on a bell-shaped curve (usirf®$% confidence interval), thus
verifying that the students using both types of ipalatives demonstrated a
significant measurable change in mathematics coitgpesores.

The results of the M-COMP scores between thegmaps evidenced a
measurable change in the mathematics abilitieseo$tudents instructed with
concrete manipulatives coupled with virtual mangbiwies. Thep values of each
group fell into the critical regions on a bell-skdpcurve (using a 95% confidence
interval), thus verifying that the students usipges of manipulatives demonstrated a

significant measurable change in mathematics coitgpesores.
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The results of the ISAT scores between the twoigs followed the same
trend as those of the ITBS and the M-COMP assedsidimety-five percent of the
students who used concrete manipulatives couplédwviual manipulatives met or
exceeded expectations on the state test. Furtheymorstudents in the experimental
group fell into theacademic warningategory, and only five percent of the students
were in thebelow meeting standardstegory, whereas five percent of the students in
the control group fell into thacademic warningategory, and 32% of them fell into
thebelow meeting standarasitegory. Also in the control group, only 63% lud t
students met or exceeded expectations on thetetdfehus not reaching the 83.7%
needed to make adequate yearly progress as mariatiee state of Illinois. The
experimental group fared better than the distndili areas of the ISAT. The only
area of the ISAT on which the experimental grouprdhit achieve the state-required
percentage was in tlexceeds expectatiarategory.

One of the guiding research objectives was terdene how students
perceive the effectiveness of their learning/un@@ding when taught mathematics
with both concrete and virtual manipulatives. Basedtudents’ reflective journaling,
the researcher concluded that the students beliga@dhe virtual mathematics
manipulatives enhanced their learning. Studentsated in their journals that the
virtual manipulatives made it easier for them tarhethe mathematic concept they
were studying that day. They also wrote that tleegived immediate feedback and
enjoyed collaborating with their teacher and peleraddition, the students enjoyed
working on the more challenging problems becausenteraction occurred just

between them and the computer, thus raising tlosifidence level.
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Another guiding research question was pose@terchine how the teacher
familiar with using both concrete and virtual maurigiives to teach mathematics
perceived her effectiveness when using only coaearetnipulatives. According to the
interview, she believed she was effective in hacliéng when using the virtual
manipulatives. She indicated that she was abldferentiate her lessons and that
students stayed on task for longer periods. Thehtravas comfortable using the
concrete manipulatives because she had extenaimenty and classroom use with the
manipulatives. She believed the students enjoyeddhcrete manipulatives and that
they did offer another level of understanding. Tdecher also indicated that she
noted higher test scores from the students that lngth the concrete and virtual
manipulative. She believes this is because theestadeel a connection to the virtual
lessons and a deeper level of understanding wasvach A problem that occurred
during instruction was there were not enough mdatmes for all students, some
students used the manipulatives inappropriately,there were times a few students
kept the manipulatives.

The final question that guided this researchceamed the manner in which the
use of virtual manipulatives coupled with concret@nipulatives affects the academic
performance of students in the area of mathemasicgpposed to the use only of
concrete manipulatives. Students taught with a éoation of concrete and virtual
manipulatives showed a measureable change in matlesncomposite scores on

standardized and teacher-made assessments.
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Recommendations and I mplications

Based on the results of this study, one recommandit that mathematics
educators incorporate both concrete manipulatimesvatual manipulatives in their
mathematics curriculum. As demonstrated in thesttiee combination of these two
types of manipulatives enabled the students ingtugap to accomplish a measureable
change in tested mathematical ability. Educatoesinie offer their students lessons
that are authentic and interesting in order to hlodir attention as they attempt to
grasp the concepts. The different options alsoigeostudents with the needed
differentiated instruction to suit their varied lieimg styles.

This study supports the belief that educatoeglrie be discerning in selecting
appropriate virtual manipulatives to use when tearmathematical concepts.
Students indicated in their journals that theyédadd the virtual manipulatives that
provided immediate feedback were more helpful armberaged them to pursue more
challenging problems. Therefore, another recommtesmdas for schools to provide
opportunities for their teachers to pursue onggirggessional development in the
area of both concrete and virtual mathematics maaipes. Collaboration and
follow-up sessions are essential for educatorghiese success in their quest to
provide varied instruction for their students.

According to the National Staff Development Catu(NSDC) (2008), the term
professional developmeist defined as, “A comprehensive, sustained, atahgive
approach to improving teachers’ and principalséetiveness in raising student
achievement” (p. 1). Staff development also, “fost®llective responsibilitfor

improved student performance” (p. 1). The NSDCdsserted that professional
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development must be ongoing and should containm@oaent that provides immediate
feedback for teachers so that they will be ablebti@ain the maximum effectiveness
needed to increase their knowledge, as well asofitheir students. Burch (2006) and
Hiebert et al. (1997) asserted that well-estabtigi®fessional development fosters
collaboration between teachers, and when teacbéeborate effectively, they can share
their skills with those who need assistance witirtblassroom instruction. Also critical
is application, which describes the ability of adividual to transfer his or her
understanding to another situation; this abilitp\ak teachers to routinely check the
effectiveness of new learning in enhancing theifggenance and to make informed
adjustments as needed. The NSDC also has advdbataeachers, whenever possible,
be provided with common planning times during tbleo®l day so they can communicate
with one another on all aspects associated witptbiessional development initiative.
During this time, teachers can share ideas col&h@ly about ways to implement their
learning in their classrooms. Burch (2006) staked teachers, as part of their
professional development to improve their own te@agishould have ample opportunity
to visit other classrooms in order to view whatieafjues are implementing to improve
student achievement. Burch (2006) continued treathters often fear innovative teaching
initiatives, but when provided with thorough prafiemal development, they are more apt
to overcome their fears and attempt to implemesasthategies and techniques of the
professional development program into their cufuou The recommendation stemming
from this study, then, is to approach professialeaelopment regarding manipulatives

from the perspective of the NSDC guidelines.
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Future Studies

The participants in this study consisted of a sisathple of the seventh-grade
population within one particular school districtsibg a larger sample of students
across different grade levels could fortify thigdst. Another interesting avenue of
research would be to survey all of the seventhgtadchers in the study district to
investigate their beliefs about using concrete\drtdal manipulatives. The gender of
the students could also be considered in ordeeterchine if gender differences play
a role in the effect of using concrete and virtmathematics manipulatives.
Summary

The significance of this study lies in its emphasighe importance of
incorporating virtual manipulatives into existin@thematics curriculums. The study
strongly indicated that virtual manipulatives enteohstudent learning in the
mathematics classroom. The study revealed thagéstsdelt confident and
challenged when provided with alternative methaaddarning mathematics. The
study teacher revealed that lessons could be eiffetted to build upon student
cognition. The results from this study supportuke of virtual manipulatives in the

mathematics classroom.



INCREASING MATHEMATICS ACHIEVEMENT SCORE317

References

About. (2005, March 20). Mathematics. Retrieved déhat1, 2010, from
math.about.com

Ainsa, T. (1999). Success of using technology aadipulatives to introduce numerical
problem solving skills in monolingual/bilingual &achildhood classroomd.he
Journal of Computers in Mathematics and Scienceflieg, 1-6.

Allen, C. (2007, November 3\n action based research study on how using
manipulatives will increase students' achievememathematicsRetrieved June
2, 2010, from http://www.eric.ed.gov/ERICWebPosdeaHrch/detailmini.jsp?_
nfpb=true& &ERICExtSearch_SearchValue 0=ED499956&ERtSearch_Se
archType_0=no&accno=ED499956

Allsopp, D. (1999). Using modeling, manipulativasd mnemonics with eighth-grade
math studentsTeaching Exceptional Childreii4-81.

Anstrom, T. (n.d.). Supporting students in matheérsahrough the use of manipulatives.
Center for Implementing Technology in Educatibi5.

Atherton, J. (2010, February 1Qearning and Teaching: Piaget's developmental tieor
Retrieved June 7, 2011, from http://www.learningaadhing.info/ learning/
piaget.htm

Balka, D. (1993). Making the connections in math&gesavia manipulatives.
Contemporary Educatiqri9-23.

Ball, B. (1992). Magical hopes: Manipulative and tieform of math education.
American Educatqrl4-18.

Barlow, T. (1977)Pestalozzi and American educati@uoulder: Este Es Press.



INCREASING MATHEMATICS ACHIEVEMENT SCORE318

Bellonio, J. (2001, June 1Multi-sensory manipulaties in mathematics: Linkthg
abstract to the concret®etrieved September 23, 2009, from http://www.ysla

Blair, N. (2012). Technology integration for them2l1st century learneNational
Association of Elementary School Principdietrieved February 3, 2012, from
www.naesp.org

Bluman, A. (2008)Elementary statistics: A step by step approachriéflversion.New
York: McGraw Hill.

Boaler, J. (1999). Participation, knowledge, ankelfe A community perspective on
mathematics learningzducational Studies in Mahtemati@59-281.

Bolyard, J. & Moyer-Packenham, P. (2006). The iotd virtual manipulatives on
student achievement in integer addition and sutrad®sychology of
Mathematics Educatiqri-2.

Breaux, J. (2009, August 1@)heories of cognitive development and behaRretrieved
March 24, 2011, from http://www.helium.com/items3866-lev-vygotsky-jean-
piaget-education-theory-how-children-learn-zongaafximal-development-
cognitive

Brown, S. (2007)Counting blocks or keyboards? A comparative analg$iconcrete
versus virtual manipulatives in elementary schoathamatics conceptBetroit:
Marygrove College.

Bruner, J. (1960)The process of educatioBambridge: Harvard U.P.

Burns, M. (1996). How to make the most of math rpalatives.Instructor, 45-50.

Burns, M. (1995). Writing in math class? Absolutdlystructor, 41-47.



INCREASING MATHEMATICS ACHIEVEMENT SCORE319

Burns, M., & Silby, R. (2001). Journals boost rearning how words can help your
students work with numberstructor Magazing18-20.

Clements, D. (1999)Concrete" manipulatives, concrete ide&etrieved September 15,
2009, from http://www.triangle.co.uk/ciec/

Clements, D. B. (1989). Learning of geometric cquisén a Logo environmeniournal
for Research in Mathematics Educatid®0-467.

Clements, D. H.& McMillen, S. (1996). Rethinkingrecrete manipulatives: Teaching
children mathematicNational Council of Teachers of Mathematizg0-279.

Cohen, D. (1990). Montessori methods in public sthd he Education Diges63-66.

Crawford, C. &. Brown, E. (2003). Integrating intet-based mathematical
manipulatives within a learning environmedurnal of Computers in
Mathematics and Science Teachitgy.

Crompton, H. (2011). Mathematics in the age of nedbgy: There is a place for
technology in the mathematics classrodournal of the Research Center for
Educational Technology4-66.

DeGeorge, B. & Santoro, A. (2004). Manipulativesh@nds-on approach to math.
National Association of Elementary School Princgp8l Retrieved February 24,
2012 from www.naesp.org

Dienes, Z. P. (1961Yhe Dienes M.A.B. multibase arithmetic blodksndon: National
Foundation for Educational Research.

Donovan, M., & Bransford, J. P. (199®9)ow people learn: Bridging research and

practice.Washington, D.C.: National Academy Press.



INCREASING MATHEMATICS ACHIEVEMENT SCORE320

Dorwood, J. (2002). Intuition and research: Areytbempatible? (Research, reflection,
practice).Access My Libraryl-3.

Doyle, M. E. & Smith, M. K. (2007). Jean-JacquesiBseau on educatiofhe
Encyclopaedia of Informal Educatiph.

Duffin, J. (2010)Using virtual manipulatives to support teaching dedrning
mathematicsLogan: Utah State University.

Durmus, S. &.Karakirik, D. (2003). Virtual maniptikes in mathematics education: A
theoretical frameworKrurkish Online Journal of Educational Technolp@7-
123.

Ellington, A. J. (2003). A meta-analysis of theeeffs of calculators on students’
achievement and attitude levels in precollege nmagties classesdournal for
Research in Mathematics Educati@33-463.

Eluwa, I., Eluwa, A., & Abang, B. (2011, Novembedgxaluation of mathematics
achievement test theory (CTT) and Item ResponseryH{éRT). Journal of
Education and Social Researcti4), 99-106.

Fraenkel, J., & Wallen, N. (200&low to design and evaluate research in education.
New York: The McGraw-Hill Co.

Fueyo, V., & Bushell, D. (1998). Using number lip@cedures and peer tutoring to
improve the mathematics computation of low-perfomgniirst gradersJournal of
Applied Behavior Analysjgl17-430.

Gardner, H. (1993Frames of mind: The theory of multiple intelligeniddéew York:

BasicBooks.



INCREASING MATHEMATICS ACHIEVEMENT SCORE321

Gardner, H. (1991)The unschooled mind: How children think and howosthshould
teach.New York: Basic Books.

Gilfeather, M., & Regato, J. (1999). Mathematic&rdsd. Mathematics Experience-
Based Approacghl-4.

Ginesi, S. (2008, June 2%)elium.Retrieved March 24, 2011, from
http://www.helium.com/items/1091907-cognitive-dex@hent-in-children
Goodykoontz, E. (2008, April 25). Factors that effeollege students’ attitudes toward
mathematics. UMI Dissertation Publishing. RetrieWedn www.search.proquest.

com/docview/304447987, 1-166.

Goracke, A. (2009, July 1). The role of manipulasivn the eighth grade mathematics
classroom. Retrieved March 13, 2012, from www.digbmmons.
unl.edu/mathmic/actionresearch/71

Grisham, W. &. (2011, January 2%)CLA modular digital course in undergraduate
neuroscience educatioRetrieved March 20, 2011, from https://mdcune.
psych.ucla.edu/modules/evaluation/evaluation-figaluationGuide_2011-01-
25.pdf

Hannula, M. (2000). Attitude toward mathematics:dfons, expectations, and values.
Educational Studies in Mathematics, £%-46.

Hartshorn, R. &.Boren, S. (1990). Experential I&@grof mathematics: Using
manipulativesERIC Digest 1-5.

Hayes, M., & Faggella, K. (1988rounting on math: Developing math skills with young

children.Bridgeport: First Teacher Press.



INCREASING MATHEMATICS ACHIEVEMENT SCORE322

Heddens, J. (1997mproving mathematics teaching by using maniputetiRetrieved
September 23, 2009, from www.fed.cuhk.edu.hk/~fttehfor/ edumath/
9706/13hedden.html

Hembree, R. & Dessart, D. (1986). Effects of haefititalculators in precollege
mathematics education: A meta-analydmurnal for Research in Mathematics
Education 83-99.

Herrington, J. R. (2004). Designing authentic asés for web-based coursekurnal of
Computing in Higher Education, (B, 3-29.

Herrington, J., Oliver, R., & Reeves, T. (2003)ttas of engagement in authentic
online learningAustralian Jornal of Educational Technolqdy®-71.

Hiebert, J. C. (1997Making sense: Teaching and learning mathematics wit
understandingPortsmouth: Heinemann.

Hirstein, J. (2007). The impact of Zolton Dienesmathematics teaching in the United
StatesThe Montana Mathematics Enthusiab9-172.

Hoffman, B. (2007)The importance of math manipulativE&etrieved February 10,
2010, from www.hubpages.com

Holt, J. (1964)How children fail.New York: Dell Publishing Company.

Hunt A., Nipper, K., Nash, L., (2011). Virtual woncrete manipulatives in mathematics
teacher Education: is one type more effective tharother?Current Issues in
Middle Level Educatior.6(20), 1-6.

lllinois State Board of Education (ISBE). (2001 p&snber 11)ISBE Retrieved

February 12, 2011, from http://www.isbe.net/ils/iatandards.htm



INCREASING MATHEMATICS ACHIEVEMENT SCORE323

Johnson, R. B. & Onwuegbuzie, A. J. (2004). Mixeethods research: A research
paradigm whose time has coniglucational Researchget4-26.

Jones, L. (2009). The Implications of NCLB and AtiNa At Risk for K-12 schools and
higher educationConnectionsl.

Jones, S. (2003). The role of manipulatives iroaiiicing and developing mathematical
concepts in elementary and middle gradBise Resource Rogrh-21.

Kilpatrick, J. S. (2001)Adding it up: Helping children learn mathemati®ashington,
D.C.: The National Academies Press.

Lane, C. (2010, March 8). Case study: The effen@gs of virtual manipulatives in the
teaching of primary mathematidgniversity of LimerickRetrieved June 14,
2010, from http://hdl.handle.net/10344/450

Lappan, G. & Ferriny-Mundy, J. (1993). Knowing athming mathematics: A new vision
for middle grades studentBhe Elementary School Journ&l5-642.

Lombardi, M. (2007). Authentic learning for the 2tentury: An overviewEducause
Learning Initiative 1-12.

M-COMP. (2011) AIMSweb NCS Pearson, Incorporated. Retrieved April 6,120bm
imsweb.com/index.php?page=m-comp/

Maryland Common Core State Curriculum FrameworR1(2 June). Retrevied April 22,
2012, from www.mdk12.org/share/frameworks/ccsc_mauitti7.pdf, pp.1-23.

National Council of Teachers of Mathematics. (206®sition statements. Retrieved
May 16, 2010, from http://www.nctm.org/about/cortagapx?id=6330

National Council of Teachers of Mathematics. (1989nciples and standards for

school mathematicReston: NCTM.



INCREASING MATHEMATICS ACHIEVEMENT SCORE324

Montessori, M. (1966)Secret of childhoodNew York: Ballantine Books.

Montessori, M. (1967)The absorbent mindNew York: Dell Publishing Company.

Moyer, P., Bulyard, T., & Spikell, M. (2002). Whate virtual manipulativesPhe
National Council of Teachers of Mathemati832-377.

Moyer, P. S. (2004). Controlling choice: Teachstadents, and manipulatives in
mathematics classroomdathematics Classroom$6-31.

Moyer, P. S. & Reimer, K. (2005). Third-gradersrieabout fractions using virtual
manipulatives: A classroom studlournal of Computers in Mathematics and
Science Teaching, (24)

Moyer-Packenham, P. S., Salkind, G., & Bolyard(2008).Virtual manipulatives used
by K-8 teachers for mathematics instruction: Coasily mathematical,
cognitive, and pedagogical fidelitRRetrieved June 11, 2011, from
http://www.citejournal.org/vol8/iss3/mathematicsiEel.cfm.

National Commission on Excellence in Education8@)9A nation at risk: The
imperative for educational reformashington, D.C.

National Research Council. (2008dding it up: Helping children learn mathematics.
Retrieved March 6, 2010, from http://www.nap.edu

National Staff Development Council. (2008)ational Staff Development Council
Retrieved January 4, 2010, from http://www.nsdc.org

Olds, H. S. (1980People and computers: Who teaches whdte®ton: Education

Development Center.



INCREASING MATHEMATICS ACHIEVEMENT SCORE325

Parham, L. D. (1998). The Relationship of Sensotgdrated Development to
Achievements to Elementary Students: Four- Yeamgitadinall PatternsThe
Occupational Therapy Journal of Researtb5-127.

Pestalozzi, J. H. (1951)he education of man: Aphorisniéew York: Philosophical
Library.

Picciotto, H. (1995)Operation sense, tool-based pedagogy curriculaatti: A
proposal Retrieved January 10, 2010, from Math Educatieb\Site:
http://www.mathedpage.org/early-math/early.html

Portsmore, M. (2007). The history, development @esign of blocks. Retrieved
December 3, 2012, from
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&saa=
web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fase.tuftfuéo2Fdevtech
%2Fcourses%2Fcd145%2Fmidtermpapers%2Fmerremidtpengac&ei=4aPL
UYKrKIKugqgGV60GgDA&uUsg=AFQ]JCNEOwWKOx-

PMAHIM37N4p__ ghdoNGGg&sig2=untoh9EesesdBCkr6_qzE&kbv.4834
0889,d.awWM, 1-5.

Puchner, L., Taylor, A., & O'Donnell, B. F. (2008eacher learning and mathematics
manipulatives: A collective case study about teadlse of manipulatives in
elementary and middle school mathematics lesstct®ool Science and
Mathematics313-325.

Raines, J. M. & Clark, L. M. (2011, June 21). Adbroverview on using technology to

engage students in mathematicsarrent Issues In Educatioi-8.



INCREASING MATHEMATICS ACHIEVEMENT SCORE326

Read, J. (1992 he history, development and design of blockadon: Paul Chapman
Publishing Limited.

Reeves, T. (2006). How do you know they are leg?ilhe importance of alignment in
higher educationinternational Journal of Learning Technolqg302-304.

Reimer, K. & Moyer-Packenham, P. S. (2005). Tigrdders learn about fractions using
virtual manipulatives: A classroom studyurnal of Computers in Mathematics
and Science Teaching-25.

Rhodes, S. (2008, October 28am's virtual manipulative rundowRetrieved
November 9, 2011, from http://cnx.org/content/m1BQ51/

Roschelle, J., Pea, R., Hoadley, C., Gordin, DM&ans, B. (2000). Changing how and
what children learn in school with computer-bassthhologiesFuture Child,
10(2) 76-101.

Sarama, J. & Clements, D. H. (2006). Mathematiosng students, and computers:
Software, teaching strategies and professionalldpreent.The Mathematics
Educator 112-134.

Sfard, A. (1991). On the dual nature of mathemhtioaceptions: Reflections on
processes and objects as different sides of the sam.Educational Studies in
Mathematics1-36.

Sowell, E. (1989). Effects of manipulative matemamathematics instructiodournal
for Research in Mathematics Educati@®8-505.

Steen, K. B. (2006). The impact of virtual manipwes on first grade geometry
instruction and learninglournal of Computers in Mathematics and Science

Teaching 373-391.



INCREASING MATHEMATICS ACHIEVEMENT SCORE327

Suh, J. (2005)Third graders’ mathematics achievement and repregiem preference
using virtual and physical manipulatives for addingctions and balancing
equationsFairfax: George Mason University.

Suh, J. M. (2005). Examining technology uses inclassroom: Developing fraction
sense using virtual manipulatives concept tutarimsrnal of Interactive Online
Learning 1-22.

Suh, J. & Moyer-Packenham, P. (2007). Developindestts’ representational fluency
using virtual and physical algebra balandesirnal of Computers in Mathematics
and Science Teachin$55-173.

Suydam, M. N. & Higgins, J. L. (1977). Activity-bed learning in elementary school.
ERIC Clearinghouse for Science, Mathematics, andrBnmental Education.

Takahashi, A. (2000). Current trends and issuéssson study in Japan and the United
StatesJournal of Japan Society of Mathematical Educatitsr21.

Thanasoulas, D. (2001). Constructivist learnifige Weekly Column.

The CEO Forum. (2001, Jun€EO Forum OrganizatiorRetrieved December 2, 2011,
from http://www.ceoforum.org/downloads/report4.pdf

The University of lowa. (2013). College of Educati®&etrieved November 13, 2011,
from http://www.education.uiowa.edu/

Trusty, J. (2002). Effects of high school courdartg and other variables on choices of
science and mathematics college majdosirnal of Counseling and

Development464-474.



INCREASING MATHEMATICS ACHIEVEMENT SCORE328

Uttal, D. K. (1997). Manipulatives as symbols: Amnpgerspective on the use of
manipulatives to teach matbournal of Applied Developmental Psycholp8y-
54.

Uttal, D., O'Doherty, K., Newland, R., & Hand, 12009). Dual representation and the
linking of concrete and symbolic representatiGhild Development Perspectives
156-159.

Vygotsky, L. (1978)Interaction between learning and developmé&ambridge:
Harvard University Press.

Ward, F. (1971)The Montessori method and the American schgelv York: Arno
Press.

Wiggins, G. (1990)The case for authentic assessme&strieved July 2, 2011, from
http://PAREonline.net/getvn.asp?v=2&n=2

Wolfe, P. (2001)Brain matters: Translating research into classropractice.
Alexandria: Association for Supervision and Curhicn Development.

Young, D. (2006, April 27)University of Florida.Retrieved October 10, 2010, from
http://plaza.ufl.edu/youngdj/talks/vms_paper.doc

Yu, C. & Ohlund, B. (2010)Threats to validity of research desidgretrieved November

10, 2011, from http://www.creativehttp://www.creawisdom.



INCREASING MATHEMATICS ACHIEVEMENT SCORE329

Appendix A

Websites Used for Instruction with Virtual ManiptiNes

http://www.homeschoolmath.net/worksheets/fracti@cwator.php
http://zirkel.sourceforge.net/doc_en/index.html
http://www.imaginationcubed.com/index.php
http://www.hbmeyer.de/eratosiv.htm
http://www.explorelearning.com/index.cfm
http://www.studyisland.com

http://www.classzone.com

http://www.brainpop.com

http://www.symphonymath.com
http://www.learner.org/interactives/geometry/
http://www.saltire.com/gallery.html
http://www.harveyshomepage.com/Harveys Homepagetie.html
http://illuminations.nctm.org/
http://www.shodor.org/interactivate/
http://www.brocku.ca/mathematics/resources/leatioimig/learningobjects/index.
php

http://www.ies.co.jp/math/java/index.html
http://mathforum.org/mathtools/
http://nlvm.usu.edu/en/nav/vlibrary.html
http://www.pbs.org/teacherline/resources/interasiefm?cc=tlredir
http://standards.nctm.org/document/eexamples/
http://phet.colorado.edu/

http://www.tangoes.com/indexH.htm
http://www.teacherled.com/
http://www.georgehart.com/virtual-polyhedra/vp.html
http://www.visualfractions.com/
http://www.cet.ac.il/math/function/english/
http://www.visualmathlearning.com/index.php
http://www2.dsu.nodak.edu/users/edkluk/public_htfitiMath/ViEIMath.html
http://www.waldomaths.com/

http://www.fi.uu.nl/wisweb/en/
http://zonalandeducation.com/ezGraph/ezGraph.html
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Appendix B

Observation Form

Observation form for: Success to Increased Achievement Scores in the Middle School
Mathematics Class

observer/researcher:

Date: Time: start end

Objective of lesson:

Which type of manipulative was used?

Students interest level:

Student attitude toward the manipulative/lesson:
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Student academic progress/understanding (noted during the lesson):

Teacher attitude toward the manipulative/lesson:

Notes:
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