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ABSTRACT

The lack of development of proportional reasoning skills has long been
recognized in the literature as a mathematical topic needing specific attehison.
several studies demonstrated the use of virtual manipulatives as an effective tool in the
developnment ofcertain mathematical concepts; howevew researchers have pursued
the application of virtual manipulatives developproportional reasoning skills. This
study aimedto determine the impact of the use of virtual manipulatives on the
developmenof proportional reasoning in grade situdents, focusing upon the potential
effect of gender, technologgput modality, and interaction effect between these two
factors.

Two virtual manipulatives, Thinking Blocks and Number Pieces, were included as
partof a mixedmethod approacimcorporatinga convergent parallel design. During a
ten-day period, a group of 56 participants completed agBs#posttest instrument
measuring proportional reasonjngcluding a survey to determine touchscreen
experiencand preference of modaljtin addition, five performance tasks involving
proportional reasoning were completed at regular intenFatsally, a group of six target
students were observed during the dgdthering process as they worked during class
time, being interviewed individually as they completed two additional tasks bahare
afterinstruction.

Findings from this researaBvealedoarticipants who used Thinking Blocks and

Number Pieces made greater gains on thetpssivhen compared to the paipants



who did not;howeverthese gainslid notdemonstratstatistical significance. No
statistical significance was found in the performance of participants with respect to
gender or technologyput modality; also, the researcher noted no interaetif@ect
between gender and technolegput modality.

Participants demonstrated growth as shown on the work generated from the first
taskto the fifth, but performance levdlsictuated fromonetask to another. Participants
tended to revert to an addigapproach when encounteringatintegralvalue in a
proportional settingAll six target students used an additive approach when completing
thepreinstruction interview task. éivever, theuse of academic vocabulary and
informal expressions of proparyhal reasoning concepts exhibited during the{post
instruction interviews by thur target students who us&tinking Blocks and Number
Pieces provided additional support for the premise of virtual manipulatives as effective

tools to develop proportionatasoning skills
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CHAPTER I: INTRODUCTIONAND RATIONALE
Statement of the Problem

Innovations and improvements for the effective teagluf mathematics are
touted ora routine basis. Displayg conferencesdvertisements in magazinessits by
textbook representativeand marketing emails inforeducators about the latest product
or prograns that will meet the mathematical learning needs of students. Despite the
claims, every approach or product may not be equally effeicti@ehieving the goal of
mathematical profiency. Although there are several topics in mathematics, one specific
area of critical need is the development of proportional reasoning skills.

Lamon (999 reporedthat more than half of the adult population cannot be
viewed as proportional thinkergjrther, maturity and experience may not be sufficient to
ensure the development of proportional reasoning skillier later workLamon (2012)
estimate that the proportion of adults who canmeasorproportionally well exceeds
90%. Thus, a concerted effod neededn mathematics classro@in order toprovide a
learningsetting thatultivates proportional reasoning skillsn light of the situation, it
would behoove teachers to incorporate available resources to sumavéibpment.

TheNational Council of Teachers of Maimatics (NCTM) statkthat
i échnology is essential in teaching d@arning mathematics; it influences the
mat hemati cs that i s t augHKNCTM B0OO0, e 24hTaen c e s
rapid advancef numerous technological togiscluding digital resources commonly
called virtual manipulativesias provided new resources for teachers to consider in their

teaching mathematicabntent to studentsA cursory inspection of the results one finds

st



whenperforming arinternetsearch for virtual manipulatives yields applications in
several mathematical topics, including fractions, place value, equations, and area
However, a review of the literature indicates research concerning the use of virtual
manipuatives to promote the development of proportional reasoning skills has not been
adequately pursuedrhis lack of application of virtual manipulatives to the topic of
proportional reasoning suggests the recommendation of NCTM concerning the
enhancement aftudent learning with the use of technology has not been sufficiently
addressed.

Any assessment of students with respect to proportional reasoning should not be
limited to an examination of justhole group dataJustasthecalculation of a class
averge for a test masks the performance of subgroups and individuals, an examination of
various subgroups is required in order to determin@én®rmance of such subgroups
with respect to an assessment of proportional reasoning dBélsing deeper intthe
performance of the subgroups provides data that can, in turn, lead to decisions as to what
impact the use of virtual manipulatives might have on subgroups; specifaralygan
studythe impact of the use of virtual manipulatives with respect to gender. dhlsaan
consider technologinput modalityand the impact various modes of computer
interaction presentshile implementingvirtual manipulativesn the development of
proportioral reasoning skills

This dissertatiorronsiderghe use of virtual manipulatives as a tool to assist
grade six students mhevelopingproportional reasoning skills. In this chapter, a rationale

for this study is developed by examining the followiqgoportional reasoningi



background of manipulatives, both physical and virtual; gender differences; and
technologyinput modality. A summary of factors is provided, along with goals, research
questions, definitionsand significance of this study. Howavd is also appropriate to
consider the theoretical framework upon whicérationale is grounded.
Conceptual Framework

In order to pursue the proposed research helpfulto declare the ideas that
guide the researadtudy These ideas span ttveo majortopicsmaking upthe
backgroundor theresearch studyproportional reasoning and virtual manipulatives
Although each idea stands independently, the synthethesd ideasito a conglomerate
concept provides the foundation upon which to buidth respect to proportional
reasoning, it is not sufficient to say students eitteeor do nopossess proportional
reasoning skills; rathestudents develop proportional reasanskills When
considering virtual manipulativeghe growth of technology supports the introduction of
virtual manipulatives into the classroom, but the perception of the role of virtual
manipulatives in the mathematics classroom guides their use.
L evds of Proportional Reasoning

Karplus, Karplus, Formisano, and Paulsen (1977) idediévels of proportional
reasoning in their research concerning adolesders&sven countriesThere are four
categories of proportional reasoning they emetty classifying the responses made on
a proportional reasoning taska) Category | (Intuitive)(b) Category A (Additive)(c)
Category Tr (Transitional) an@]) Category R (Ratio). These categories are presented in

the order of increased development; thuge@ary | is the lowest level of proportional



4
reasoning, while Category R is the highest level of proportional reasofiinogange in

the label of the lowest category for proportional reasoning skills occurred in the literature
asdemonstrated by Karplusid other researchers in subsequent published wotead

of using the title Intuitive, the title lllogical appeared (Khoury, 2002).

A student in Category | gives no explanation or shows illogical computation
concerning the praptional work at hand. Ab,studens who describeesuls as a guess
belong n Category I. For Category A, the stu
approach using addition or subtraction. Work that is classified in Categbasan
additive component, but there is alsoagtempt to compare changes in a relative fashion.
In Category R, the use of a constant ratio or conversion of units appears in response
(Karplus, Adi, & Lawson1980). As part ofthe current studystudentcompleted
proportional reasoning taskedtheresearcheclassified the resultsith regard tahese
four levels of proportional reasoning.

This leveled approach to determine proportional reasoning is not unique to
Karplus. Langrall and Swafford (2000) also ideatffour different levels of stragges
employed by students to complg@i@portional reasoning tasks: Level80As
summarized by Langrall and Swafford, these levels are described as f¢dpwavel O
work shows no proportional reasonirflg) Level 1 work involves informal reasoning
concerning proportional situations with the assistance of manipulatives, pictures or other
models;(c) Level 2 work demonstrates a more sophisticated strategy of quantitative
reasoning without manipulatives or can link models with appropriate calculatid(d)

Level 3 work shows the ability of students to set up and solve proportions with full



5
understanding of the structural relationships that edsice thecurrentresearch study
involvedvirtual manipulatives as an inherent componalhstudents participating in the
treatmengroupswoul d start with Level 1 of Langr al
light of this situation, taresearcher deemed it better to incorporate the levels of
proportional reasoning as advanced by Karplus.

Virtual Manipulatives as Cognitive Tools

Songer (2010) distinguistidetween digital resources and cognitive tools.
Although virtual manipulatives are considered to be digital resources in that they are
computerbased information sources, they also duals cognitive tools. A cognitive
tool transcends the level of just providing information; it is a resource that is specifically
designed to allow students to achieve particular learning goals on a topic of infterest.
example, a teacher can genemtgorksheet from a website so that students can practice
certain mathematical skills. In this case, the teacher has used a digital resource.
However, the worksheet provides only practice,aoviceptual development. In the case
of a cognitive tool, thevebsite must allow for dynamic interaction and connectivity
between changes that the student introduces and the results seen from suchRdrange.
the current studyone goaivasto ascertain the impact that virtual manipulatives have
when they are usad developirg proportional reasoning skills. Since the websites
intended for use in this research prodd@portunities for students to build models and
explore proportional relationships, the virtual manipulatives funetias cognitive

tools.



Proportional Reasoning
Proportional reasoning has been defined in various ways by several researchers
throughout the yearancluding the following definitions:

{1 proportional reasoning involvescognizing an equivalence that exists between
the comparison of two sets of two ter(hthelder & Paget, 1958);

1 proportional reasoning involves mental assimilation and synthesis of the various
complements of ratios in a proportion (Lesh, Post, & Bel88}9

1 proportional reasoning has a critical component that involves a multiplicative
relationship among the quantities that represent a situation (Cramer & Post,
1993);

1 proportional reasoning involves mathematical relationships which are
multiplicative in rature (BerChaim, Fey, Fitzgetd, Benedetto, & Miller,
1998);

1 proportional reasoning is the ability to think about and compare multiplicative
relationships between quantitiesafyde Walle & Lovin, 2006); and

1 proportional reasoning is the cognitive prodes®lving comprehension of
multiplicative relationships in proportions, the construction of appropriate
proportional schemes, and the ability to model and solve a variety of ratio
proportion problems and taskOzgiin-Koca & Altay, 2009).
A common theman all of these definitions of proportional reasoning is the

multiplicative relationship that exists in the nature of rati®sice ratios are used to

create proportions, the multiplicative concept is autoratiyiembeddednto the nature



7
of proportions. As theunderstanding of proportional reasoning develops, the necessity
for updating and refinings definition exists According to Beckmann and Izsak (2014),
Afa robust under s re@tionships opcludels understapding and using a |
multiplicative relationships between two-garying quantities and recognizing whether
ornottwocevar yi ng quantities r emaiTherefininggof same cc
the definition of proportional esoning fromnhelder andPiaget(1958) to the present
suggestshe understanding of proportional reasoning today requires more detail.

In spite of the definitions offered for proportional reasoning, Lamon (2012)
insisedt hat 0t h-@efinedeandesearchersihdve been better at determining when
a student or an adult doestreason proportionally rather than defining the
characteristi cs -8)fTheintreaseddevelognoeatofdhe ¢opcppts 2
concerning proportional reasoning warsafurther research into the methods that best
lend themselves to the introduction and development of proportional reasoning topics in
the mathematical classroom setting.

Teaching Proportional Reasoning

Since one purpose of this reseanasto investigatdhow well virtual
manipulatives aigniddle schooktudents in learning proportional reasoning, fepful
to know what is expected at the classroom levedcording to Lobato, Orrill, Druken,
and Jaobson (2011), research suggéisat it is common for students to enter middle
school without possessing proportional reasoning sKillaus, one focus of the middle
school mathematics curriculum should be the development of proportional reasoning

skills. Based uporthe Common Cor8tate Standards in Mathematics (CCSSM),
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teachers of grade sstudent®xpect thento master skills concerning ratios and rates
(Common Core State Standards Initiative, 2010a); there are also CCSSM concerning
proportional reasoning skills in grade seveorf@non Core State Standards Initiative,
2010b). CCSSM nomenclatuebelsthe general category of skikgldressing ratios and
proportions with the letters RFAn examination of CCSSM showise use o&
combination of letters and numbetsached to theategory of RP standards to
distinguish between thenTable 1 lists the CCSSM in grade six concerning ratios and
rates, while Table 2 gives the CCSSM in grade seven with a focus upon proportional

reasoning.

Table 1

CCS%/in Grade Sx

Label Standard

6.RP Understand ratio concepts and use ratio reasoning to solve problems.

6.RP.A.1 Understand the concept of a ratio and use ratio langoatgscribe a ratio
relationship between two quantities.or exampl e, A Th
beaks in the bird houss the zoo was 2:1, because for every 2 wings th
was 1 beak. 0 AFor every vote ca
nearly three votes. o

6.RP.A.2  Understand the concept of a unit ratieassociated witl ratioa:b with b
I 0, and use rate langge in thecontext of a ratio relationshig-or

exampl e, AThis recipe has a rat
there is 3/ 4 cup of flour for e
hamburgers, which is a rate of

6.RP.A.3 Use ratio and rate reasoning to solveZgatld andmathematical
problems, e.g., by reasoning about tablesoufivalent ratios, tape
diagrams, double number linkagrams, or equations.




Table 1

CCS3 in Grade Sx (continued)

Label Standard
6.RP Understand ratio concepts and use ratio reasoning to solve problems.
6.RP.A.3.A Make tables of equivalent ratios relating quantities wittole number
measurements, find missing values inttildes, and plot the pairs of valu
on the coordinatplane.Use tables to compare ratios.
6.RP.A.3.B Solve unit rate problems including those involving ymicing and
constant speed-or example, if it took 7 hours to mow 4 lawns, then at-
rate, how many lawns could be mowed in 35 hours? At what rate were
lawns being mowed?
6.RP.A.3.C Find the percent of a quantity as a rate per 100 (e.g., 30% of a quantit
means 30/100 times the quantity); solve problems involving finding the
whole, given a part and the percent.
6.RP.A.3.D Use ratio reasoning to conveneasurement units; manipulate and
transform units appropriately when multiplying or dividing quantities.
Table 2

CCS%/ in Grade Seven

Label Standard
7.RP Analyze proportional relationships and use them to solve reA\orld
and mathematical problems.
7.RP.A.1 Compute unit rates associated with ratios of fractions, includings of
lengths, areas and other quantities measured in li@#ferent units. For
example, if a person walks 1/2 mile in each 1/4 hour, compute the unit
as the complexdction ¥2/1,4 miles per hour, equivalently 2 miles per hot
7.RP.A.2 Recognize and represent proportional relationships betyesmities.




Table 2
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CCS31 in Grade Seven(continued)

Label Standard
7.RP Analyze proportional relationships and use thento solve reaBvorld
and mathematical problems.
7.RP.A.2.A Decide whether two quantities are in a proportioakdtionship, e.g., by
testing for equivalent ratios in a tablegvaphing on a coordinate plane a
observing whether thgraph is a straighine through the origin.
7.RP.A.2.B ldentify the constant of proportionality (unit rate) in tablgsphs,
equations, diagrams, and verbal descriptiorgoportional relationships.
7.RP.A.2.C Represent proportional relationships by equatidfm. example, if total
cost t is proportional to the number n of items purchased at a constant
price p, the relationship between the total cost and number of items ce
expressed as t = pn.
7.RP.A.2.D Explain what a poingx, y)on the graph of a proportional relationship
means in terms of the situation, with special attention to the points (0,
and (1r) where r is the unit rate.
7.RP.A.3 Use proportional relationships to solve multistep ratio and percent

problems.

A comparison of the expectations of students with respect to IGSSjiven in

Tables 1 and 2 indicag@ progression of competency within the area of satial

proportions. In order for middle school teachers to help their students achieve mastery of

proportional reasoning standards, it is not unreasonable to assunteatttagrs would

want to implement available, effective resources. Manipulatives have the capacity to

enablestudentdo understand mathematical concepts and develop mathematical skill.
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Manipulatives

Since the existence of organized classrooms and the utilization of materials with
the intent of teaching mathematical concepts to students in these classnoestiong
concerning the effeste use oftheseavailable resourcembound. MontessoriPestalozzi,
Piaget, Froebel, and Bruner are sanfliential educational theoristgho advocatedor
the use of materials and manipulatives to further mathematical instrusdaomukasa,
Stanley,& Tuchie, 2009. Goldsby (2009) assedthat research on the use of
manipulatives in the middle gradissnot as extensive as reseaetlhe elementary grade
level, additionally,the focus of research concerning manipulatisegon special
groups, such astudents with disabilitiesDykema (2013)yeporedthat the following
results can bsupportedvith the use of manipulatives:

1 brainbased longerm memory connections are achieved by the use of color;

1 deeper connections are made by the exposure to varied experiences;

1 misunderstood concepts may dleared up by seeing the concept expressed in

a different wayand

1 children think andeflect about mathematical ideas.
Manipulatives Defined

In order to help clarify what is meant by manipulatives, it is advisable to examine
how such materials are defthe Several definitions for manipulativase found in
previous studiegncluding the following

1 learning aids, computers, adding machines, blocks, tools, models, and

measuring devices (Davidsal68);
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1 common owof-school tools, educational materialsiceived for
educational purposes, and games (Szenti®o6)
1 concrete modelscorporatingnmathematical concepts thappeal to
several sensewhich can be touchitand moved around by students
(Suydam, 1986); and
1 objects that the pupdanfeel, handle,or move(Reys, 1971).
There are two importamommonqualitiesidentified inthese definitionsi(a)
manipulatives directly involve the various senses of the student, pefiforisual and
tactile sensesgnd(b) hand-on experiences are necessaryriheo for materiad to be
classified as a manipulativ8.echnology development has infused thege qualities
into virtual mani pul ati ves as dthdtdrmtangibdanc hes
technologiedo describe virtual manipulatives that reguinteraction via touchscreen
instead of the use of a mouse; thus, there are distinctions that exist even among virtual
manipulatives. Physical manipulatives and virtual manipulatives are distinct in that the
formeris represented bphysical objects and the latter tyjgeslectronic in naturet is
conceivabldo argue that virtual manipulatives are not considered concrete in that they
are not abléo be held or touched directlyHowever, the ternconcretehas a different
meaning i the eyes of some researchers.
Clements and McMillen (1996) staltéhat virtual manipulatives should be

considered just as corete as physical manipulatives. The basis for this consideration is
the degree of meaningfulness that the manipulativel,dhytsical and virtual, provide

students. So, the termhysicalandconcreteare not necessarily synonymowih each
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otherwith respect to manipulatveda nc hes and COcfafifiedClersentd ( 2 01 2)
meaning bypresenig the root meaning of the teraoncreteasgrow togetherthus, both
physical manipulatives and virtual manipulatives satisfy the condition of being concrete.
Virtual Manipulatives Defined

Some researchers define virtual manipulatasdigital represetations of a
physical manipulative (Mildenhall, Swan, Northcote, & Marshall, 2008), while other
researchers have taken pains to differentiate between static representations and dynamic
manipulatives (Moyer, Bolyard, & Spikell, 2002). Static visual repredmns are
considered no more than picturegbifysicalmodels; as such, they lack interactive
capability and cannot be classified as true virtual manipulatives. A true virtual
manipulative must be interactiamddynamic,allowing opportunities fotheuser to
construct mathematical knowled(jdoyeret al, 2002) Virtual manipulatives allow the
same opportunities that physical manipulatives permit for studeatsely, the ability to
use materials to assist in the introduction and developmenaibiematical concepts.

For those studies that compare the use of physical manipulatives and virtual
manipulatives, researchdravereactedvarious conclusions. Famstance, Brown
(2007) concludethat students who used physical manipulatives pedgdimatter than
those students who wbeirtual manipulatives, although both types of manipulatives
enhancd the learning environment. Hunt, Nipper, and Nash (2011) sespbet
differentacademic abiliesof thesetwo groupsstudied by Browraffectedthe results of
herstudy; additionally, theato groups worked with manipulatives that focused upon

differing mathematical contentlternatively, Olkun (2003) reportethat virtual
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manipulatives providian effect concerning understanding of geometrical conten
equally as strong as physical manipulativ€sven these findings, the choice of the use
of physical manipulatives or virtual manipulatives may depend upon the preference of the
classroom teacher.

Examples of common manipulatives and their virtual malaipve counterparts
appear in Figures-3. Although physical manipulatives and their corresponding virtual
manipulatives share the same structure, virtual manipulatives allow the user to access and
impose more features than the physical manipulative, @si change of color, access to
more pieces, and linkage to other modes of expression. Also, virtual manipulatives

appear to create a natural bridge from the abstract to the concretee(ldyri2011).

Pattern Blocks

EEEE [ [ e

Figure 1 Pattern blocks physicalmanipulatives and virtual manipulatives
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Figure 2 Baseten blocks physical manipulatives and virtual manipulatives.
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Figure 3 Pentominos physical manipulatives and virtual manipulatives.

Research Concerning VirtualManipulatives
With recenttechnological advancdsecoming available in classroom settings
virtual manipulatives are resouszccessible to both students and teachers; however,
differing opinions abouther effectivenesslzound. For example, some teamts consider
virtual manipulatives to bentertaininggamelike diversionsnstead ofa learning tool
(Moyer, 2001) Weiss (2006) repartithat some teachers consider manipulatives to be

effective for younger learnelaitarenot appropriate for older stents.We i s s 6
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observatiorwasbased upon theremisethat manipulatives are toys without any value
with respect to highelevel mathematicsin addition, it is crucial that teacherst treat
virtual manipulatives as some magical catalyst whose presence is supposed to ensure
mastery of mathematical conceptpeer 2009) cautiordthat there are several
variables to consider when determining how effective virtual manipulatives e in
classroomincludingresearch design, sampling characteristics, and the type of
manipulative usedAnother area of conceia familiarity with the purpose of the
manipulative materials usgesuch familiarity is required of both the teacher and stisden
According to Weisg2006) fi f t he student does not easi|
manipulative, it is no longer a tool but a distraction ( p . Th&efote)it is crucial that
instruction provided by mathematics teachers include the purpose of any manipulative
that they choose to use.

Research concerning virtual manipulati'as involvedrarious grade leveld.ee
& Chen, 2010; Namukasd al.2009; Reimer& Moyer, 2005; Steen, Brook&, Lyon,
2006; Zachari& Constantinou, 200&ndspecific topics Mendiburo, 2010Hwang, Su,
Huang, &Dong, 2009; Sul& Moyer, 2007). Although researeixistswhich focused
upon studentand teachers the middlegrades Hunt et al, 2011 Moyer, 200}, the
majority of research appearsfazus upon topics for studentsthé elementary grade
level (Mendiburo, 2010; MoyePackenham et al., 201Rgimer & Moyer, 2005Steeret
al., 2006; Suh & Moyer, 2008)Thisis notto imply there are no virtual manipulatives

intended for use by secondary studemtstact, tvo popular @mples of virtual
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manipulatives that are available and intended for use by students at the secondary level

arecGeometer 6s 6Gdogirac hpad and

Geometer6s Sketchpad has been avail abl e

found athttp://www.keycurriculum.com/Geogebratarted in 2001 as part of the master
thesis work of Marcus Hohenwat&drp, 201). Both software packages allow students
to investigate mathematical relationships between data and graptsverwhile
Geogebra is a free reismurce, Geometeros
Background Factors of Study

In order to determine any degreeeffiective use ofirtual manipulatives, it is
helpfulto narrow choices of mathematical contenatparticular focus of study. The
conceptual framework presented previously in this chapter provides a focus upon
proportional reasoningAdditionally, it is alsohelpfulto consider other qualities or
characteristicghat might impacanyeffective useof virtual manipulatives, such as the
availability of virtual manipulatives designed faroportional reasoning development
gender of students, and thesturing aspect aéchnologyinput modality. Any
interactions between these characterigiusuldbe considered as well.
Avalilability

Moyer-Packenham (2010) addresdhe implementation of virtual manipulatives
as an effective tool in the mathematics classroorkif@ergarten througbradeeight
As part of her text, sample lessamsreincluded, covering topics in number and
operation, algebra, geometry, data analysis, and probability. However, no virtual

manipulative lesson addressing proportional reasomagpresented An examinatiorof

Sk
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various websitelousingvirtual manipulativessuch as the National Library of Virtual
Manipulatives(http://nlvm.usu.edu/en/nav/vlibrary.htmllluminations(http:
/lilluminations.nctm.org} and Shodor Interactivatattp//www.shodor.org
/interactivate), reveas many topics for which virtual manipulativlave beenleveloped,
including fractiors, decimals, place value, algebraic expressions, and solving equations;
again few virtual manipulativegxistthat are intendeds tools fotessons concerning
proportional reasoning skillsThe apparent lack of virtual manipulatives that foons
the development of proportional reasoning skills caaldtributeto the lack of
development of lessons incorporating the use of Virhamipulatives.Onevirtual
manipulativewebsitethat focugsupon ratio and proportiois Thinking Blocks: Ratio
and Proportions Practicehichis found athttp://www.mathplayground.com
/tb_ratios/thinking_blocks_ratios.htmFigures 4-10 show asampleproblem completed

step by stefrom the Thinking Blocks website
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Word Problem: Blake created a new energy drink by mixing 4 parts papaya juice with 5 parts

cherry juice. If Blake used 12 ounces of papaya juice, how many ounces of cherry juice would be
needed?

Build a model that represents the ratio in the story problem.

papaya
juice

Instructions
Read the word problem. Identify the ratio. Then build a model.

Drag blocks and labels to the targets in the work area. . . . . .
Tap the Check button to check your work.

Missing Quantity

Figure 4 Thinking Blocksintroduces the problem, blocks, and labels



Word Problem: Blake created a new energy drink by mixing 4 parts papaya juice with 5 parts
cherry juice. If Blake used 12 ocunces of papaya juice, how many ounces of cherry juice would be
needed?

Build a model that represents the ratio in the story problem.

Check
Feedback Missing Quantity

You have all the blocks needed to solve this problem. . . . . .

Figure 5. Block models are built and labels are applied.

20
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Word Problem: Blake created a new energy drink by mixing 4 parts papaya juice with 5 parts
cherry juice. If Blake used 12 ounces of papaya juice, how many ounces of cherry juice would be
needed?

Add numbers to your model. Use a ? to show the missing number.

Feedback Missing Quantity

Excellent work! Blocks and labels have been placed correctly. Now you can add
numbers to the model. .....

Figure 6. Work is verified and numbers are introduced.
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Word Problem: Blake created a new energy drink by mixing 4 parts papaya juice with 5 parts
cherry juice. If Blake used 12 ounces of papaya juice, how many ounces of cherry juice would be
needed?

Add numbers to your model. Use a ? to show the missing number.

Feedback Missing Quantity

Excellent work! Blocks and labels have been placed correctly. Now you can add
numbers to the model. . . . . .

Figure 7. Numbers are applied to the block models.



Word Problem: Blake created a new energy drink by mixing 4 parts papaya juice with 5 parts
cherry juice. If Blake used 12 ounces of papaya juice, how many ounces of cherry juice would be
needed?

0

calculator
off

ANSWER:[  ]ounces gy

Instructions Missing Quantity

Now you're ready to find the missing number. Use the number pad to enter your
answer. Then tap the Check button. . . . . .

Figure 8. Numbers are verified and missing value can be calculated.



Word Problem: Blake created a new energy drink by mixing 4 parts papaya juice with 5 parts
cherry juice. If Blake used 12 ounces of papaya juice, how many ounces of cherry juice would be
needed?

o=/ O=RB*4 D=3

0

calculator
off

ANSWER:| ] ounces e | M

Instructions Missing Quantity

Now you're ready to find the missing number. Use the number pad to enter your
answer. Then tap the Check button. . . . . .

Figure 9. Calculations performed tind value of one block and missing ual
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Word Problem: Blake created a new energy drink by mixing 4 parts papaya juice with 5 parts
cherry juice. If Blake used 12 ounces of papaya juice, how many ounces of cherry juice would be
needed?

ANSWER: ounces

Instructions Missing Quantity

Tap the Next button to continue. E . . . .

Figure 10. Work completed and question answered.

Another virtual manipulative that lends itself for modeling ratio and proportions
problems is Number Pieceshich can be accessedvavw.mathlearningcenter.org/apps
Originally, the intent of Number Pieces was for use in developing number sense
concerning place value; howevdre researchdound that Number Pieces also serves
the purpose of modeling ratio and proportion problems as Wellike the Thinking
Blocks virtual manipulative, Number Pieces does not provide support in-aysttpp

fashion. A sample screen capture from Number Pieces appears in Eijure
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Figure 11. Number Pieces

Gender Differences

The concept of gendelifferencedn the teaching and learning of mathematics is
not new as evidenced by studies datamyfar back a$977. Peterson and Fennema
(1985) conclued in a study of fourth grade students that boys and girls did not differ
significantly in their mathematicathievement, but engagement in the classroom was
influenced by the type of activitie©ne longitudinal study that focused upon gender
differences in the elementary mathematics classnoatanl thatstrong and consistent
gender differences were found withspect to the strategies used to solve problems
(Fennema, Carpenter, Jacobs, Franke, & Levi, 1998). As concluded by Fennema et al.
(1998), lmys hae a tendency to use more abstract strategjlessymbolic manipulation
while girls tendo favor concrete strategiesuch as modeling and countirgjahr,

Triona,and Williams (2007) repcetin their studyof middle school studentkat gender
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did not have a significant impact on the results when students were exposed to instruction
basedupon the use of manipulatives.

When technology is introduced into the mathematics classroom, an additional
variableappearshat can influence genddifferences Heemskerk, Ten Dam, Volman,
and Admiraal (2009) state¢here are indications that the usf@¢echnology affects girls
differently than boys; in fact, this study conclddkat girls especially experience
benefits when educational to@eseincorporated into the mathematics classroom.
Goldstein and Puntambekar (20@clarel that data from their study suggedboth
girls and boys bld similar attitudes concerning computers and group work in a
mathematical setting. Additionally, girls may actually participate more actively and
persistently in a technologych collaborativeenvironment.Considering the various
findings from past researaetith gender differences studyof anyeffectwhenvirtual
manipulativesare used in developing proportional reasomraybe able to contribute
additional information to the current bodklberature For instance, the potential
interaction between the use of technology and developm@nopbrtional reasoning
skills exists, buthe extentto whichgender influencgthis interactioris unknown.
Additionally, the influence of technolgginput modality upon the development of
proportional reasoning skills is also unknown.

Gesturing and Learning

Along with technological advances come the opportunities to implement new

technologies into the classroom; however, not all hardware devicesfandrs

packages are compatibleor example, Jobs (2018hnounced that Apple hadiopted
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HTMLS5, CSS, andlavaScriptwhich are software programs used in the design of
computer applicationsThese software programs are designed to work in a touchscreen
environmentfor exanple, the tangible technologidse s cr i bed by Manches
(2012) operate with touch instead of being mouse drivetobeFlashwas specifically
designed to work witlpersonal computer$C9 using mice, not touch screens using
fingers (Jbs, 2010).With these choices of input modality, the opportupitgsents itself
to examineany advantages one input modahtyght haveover the other With respect to
touchscreen input modality, the udenands to inteactwith computeisoftwaremay
enhance learning, much like gesturirgnclair (2012) definedesturing as hand motions
that accompany speech

Dewar (2013summarizedhat gesturing enhances learning in several ways,
including:

1 freeing p working memory spa&adn studentswhich reduces cognitive load;
9 assisting students to retain what they have leaared;
1 enabling students to process mental visualization.

Not only does gesturing enhance communication (Alibali, Flev&r&&pldin-
Meadow, 1997), gesturing while giving instructions assists children in learning tasks
(Ping& GoldinrMeadow, 2Q0). Ehrlich, Levine, and GoldiMeadow (2006) statethat
gesturing improves performanoéfive-year old childrerwhen they attempt nm¢al
rotational tasks

Gesturing occurs when the hands of an individual are unencumbered with objects

or devices.Althoughthe use of touch technology may not be classifigorager
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gesturingsincethe hands are engaged with an object, the use of hands in order to
activate, operate, and manipul&techtechnology may assist in the processing of the
information that is generated in thirgput modality. At this time, little is known about
how the us of a touckscreen interface influences or changes mathematics learning
(Ai Pad Mat h BAgrgestingthe grénisad that touch technology can aid in
learning, it is possible to extrapolate tha use of a mouse to indetwith a virtual
manipuhtive may hindethe processing of information; in fact, this question aygear
findings reported by Myresraireng aramrdl re§ponseatd | ey
interact with the learning environment, mouse technology might erect a barrier to
proassing information.
Researcherdés Background with Virtual
Since the fall semester 20QBe researchédras been an instructor for two
differentonl i ne cl asses for the stateowhichRegent s
can be found atttp:/Avww.rodp.org/. The two classes fare-service elementary
teacherareNumber Concepts for Elementary Education and Geometry for Elementary
Education.Both of these classes incorporate various websites with different types of
virtual manipulatives into the assignments that constitute required coursework. There are
several reasons as to why virtual manipulatives are used in this online learning
envirorment:
1 Availability of virtual manipulatives: The development of technology allows

virtual manipulatives to be available to gervice teachers. In fact, without
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virtual manipulatives, conceptual development would be more difficult to attain in
the onlineclassroom environment;

1 Awareness of various types of virtual manipulatives: In order fos@réce

teachers to implement virtual manipulatives into their future classrooms

successfully, they must be aware of the exiseof these tools; and,

1 Experienceausing various types of virtual manipulatives: Experience with the use
of virtual manipulatives enables the {mervice teachers to gain confidence in

using these resources.

In the experience dhe researcheteaching preservice elementary teachensan
online environment allosstudents to share their feedback concerning the websites used
in the classes. Their feedback consistently includes an initiahwareness of virtual
manipulatives. However, a review of the literature indicates that acwepand use of
virtual manipulatives is not an automatic event; teachers must be trained on using
manipulatives effectively. For example, a thy@ar study of 78 preervice middle
grades mathematics teachers who used both physicalrtued manipulatves concludes
the use of manipulatives helps fmervice teachers build their own conceptual
understanding, which provides them with sound pedagogical strategies for future use
(Huntet al, 2011). Concerning the learning of mathematics, an intervielwZuitan P.
Dienes reported that the famous pedagogue
actual learning can take place with the proper use of materials, games, stories and such
and t hat s h o Shragmat&Lesh, 2007, p.d2).uTheddab(lity of virtual

manipulatives permits the study of their impact upon the development of mathematical
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concepts; particularly, the role of virtual manipulatives in the development of
proportional reasoning skills should &eplored

Summary of Factors

As presented in this chapténge topics of proportional reasoning, manipulative
use in learning mathematics, gender differences in the mathematics classroom, and
technology in the mathematics classrdemd themselves to research in and of
themselves; howevehdseseparate areas combine to form a specific area of interest
investigation Thecircular diagramn Figure1l2 models the relationships between the
various areas of interesEach topic$ a region in which research may be performed
separately; however, the overlap of the different topics provides its own area of research

for consideration

Virtual Manipulatives Proporticnal Reasoning

Input Modality _ ender Diffarences

Figure 12. Summary of factors
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As shownin Figurel2, theshadedareaof intersectionnvolving thefour circles
represents the focus thfis researclstudy: theuseof virtual manipulatives when
teaching proportional reasoning skillsgi@desix students with consideration of the
possible impact ahput modality with respect to genderhecircles representing virtual
manipulatives and proportional reasoning are larger in comparison to the other circles to
indicate the greater emphasis placed upesettivo topics. Although each topics
worthy of research in its own right, it is the ineegon of the topics that has drawn the
attention otthe researcher
Purpose of Studyand Research Questions
The primary goal of this researafasto measure the impact of the use of virtual

mani pul atives on t he depraportomimeasoningskills gr ad e
Although virtual manipulatives arequiredto help achieve thigrimarygoal, it should
be notedelianceupon virtual manipulatives in order to solve proportional reasoning
problemsshould decrease, once students develofigeency in working with problems
in a proportional settinglf students must depend upon virtual manipulatives in order to
work with ratios and proportions, then virtual manipulatises/eas a crutch instead of a
scaffold Secondary goals of this e=rch involve the following:(a) to investigate
whether gender of students exhibits any main effect when using virtual manipulatives to
develop proportional reasoning skillg) (o investigate whether technolegyput
modality (touchscreen or mousgglds any differences when using virtual manipulatives

to develop proportional reasoning skills; aoft6 investigate whether the factors of
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gender and technologgput modality interact when using virtual manipulatives to

develop proportional reasonisgills.

In order to accomplish thesearclgoals the following questiongereproposed

The primary question considered is listed fifsbowed by thesecondary questions

1.

In general, vmat gains are made by grade six students wiraral
manipulativesare usedo teachcertain aspects gfroportional reasoning?
What differences existith respect to gendevhen using virtual
manipulatives to teach proportional reasoningrede sixstudents?

What differences exist between stutdewho use touch technology and those
who use mouse technologshenstudyingproportional reasoniry
Whatinteractionexistbetweerngender andechnolog-input modalitywhen
studentsuse virtual manipulativeshenstudyingproportional reasoniryy

How do grade six students who use virtual manipulatives differ from those
grade sixstudents who do not use virtual manipulatives when developing
proportional reasoning skills?

Significance of Study

Conclusions fromesearch in the areas of proportioredsoning and gender

differenceswithin mathematicéiave had an impact upon the field.olwever, the

introduction of virtuaimanipulativesequires further research in order to ascertain

whether theyan be effectivelytilized in themiddle school mathematics classrcoms

additional toad to helpstudentsacquire and strengthgmoportional reasoning skills

Any influence that might be exerted with respect to gesdeuldreceive attentiowhen
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virtual manipulatives are used to @ép proportional reasoning skill&\lso, any
differencesattributableto technologyinput modalityand the potentiampact ofthese
differences upon studentsthey learnare worthy of considerationFinally, any
discovery ofinteractionwith respecto gendelandtechnolog-input modalitywhen
virtual manipulatives are used to develop proportional reasoning skills deserves
investigation as well

Chapter Summary

As seen in the body of literature, researchers recognized the development of
proportional reasoning skills as a crucial topic requiring attention in the middle school
mathematics classroom. This study endeavored to examine the potential intpact of
virtual manipulativesThinking Blocks and Number Piecegon the development of
proportional reasoning skills of grade six students. Additionallyd#farences
associated with gender or technglagput modality with respect to the development of
proportonal reasoning skills was considered. Alg® researcheronsidered any
interaction between the factors of gender and techgoigmit modality in light of the

development of proportional reasoning skills.
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CHAPTER II: LITERATURE REVIEW
Introduction

The goals of this research invotl/ihe use of virtual manipulatives attempting
to devel@ proportional reasoning skills.h& primary goal of this researalasto
measure the impact of the use of virtual manipulatives on the development of grade six
stident s6 pr opor t i Recondary go@sostlusraseaigh irvditiee! | s
following: (a) investigations of whether gender of students exhibits any main effect when
using virtual manipulatives to develop proportional reasoning siiljsyvhethereither
technologyinput modality exhibits any advantages over the other when using virtual
manipulatives to develop proportional reasoning skills;(@hahether gender and
technologyinput modality expresses any interaction with each other when usioglivir
manipulatives to develop proportional reasoning skifls:eview of the existing
literature providethe background of work already publishedditionally, the ideas
that guide tfs research are based upon evideéooc@ad in the literature revievincluding
the following (@) the development of proportional reasoning skills is needed in order to
build understandingf other algebraic topics, such as slope (Cheng, Star, & Chapin,
2013) (b) research has shown that manipulatives can help studdagsmmng
mathematics (Sowell, 1989%nd,(c) virtual manipulatives have the potential to affect
cognitive functions of students who work with them (Pea, 1987; Songer, 2010).

Conceptual Framework
As presentedn Chapter Jthe conceptual framewogkrovidedguidanceo the

researcheas hereviewedthe existing literature Specifically, thecombinedopics of
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proportional reasong and virtual manipulativedrew the attention of the researcher to
an area of need existing in the literatiiéth resgect to proportional reasoning, it is not
sufficient to say that students either possess proportional reasoning skills or they do not
possess proportional reasoning skills; rather, proportional reasoning skills are developed.
Similarly, the growth of techwlogy supports the introduction of virtual manipulatives
into the classroom, but the perception of the role of virtual manipulatives in the
mathematics classroom guides their use.
L evels ofProportional Reasoning

In their research concerning adolescemtseven countriekarpluset al.(1977)
identifiedfour levels of proportional reasoninthe lowest category of proportional
reasoning changed through the years from |
with Mr. Tall/Mr. Short (Khoury, 2002) Therdore, thesdour categories of proportional
reasoningemployedn classifying the responses made on a proportional reasoning task
include (a) Category ll{logical); (b) Category A (Additive)(c) Category Tr
(Transitional) and(d) Category RRatio). These categories are presented in the order of
increased development; thus, Category | is the lowest level of proportional reasoning,
while Category R is the highest level of proportional reason®ifer researchers
modified these categories partof their studiesfor instance, Riehl and Steinthorsdottir
(2014) elaborated upon distinctions within the Transitional category for their work.
For this study, atudent in Categorydave no explanation or showethccurate

computation concernintpe proportional work at hand. Also, a student who destribe

their result as a guess belongs iwas Categor
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based solely upon an approach using addition or subtraeitibout any consideration of
relative comparisa Work classifiecasCategory T had an additive component, but
therewasalso an attempt to compare changes in a relédsl@on. Repeated addition of
the same value, or partitioning, without introducing a multiplicative approach belonged to
the trangional category. Also, any attempt to use ratm@®rrectly or incorrect answers
obtained using ratios were classified as part of CategorinT€ategory R, the use of a
constant ratio or conversion of units appears in the resfasgluset al.,1980). After
students completeperformance tasks in this study) inspection of their worgenerated
ratings athe four levels of proportional asoning as presented by Karplus et al.

Clearly, the existing literature supports the idea of a lewad®elopment of
proportional reasoning skills. As stated previousiis teveled approach to determine
proportional reasoning is not unique to Karpdunsl his colleaguesLangrall ad
Swafford (2000) also identifiefdur different levels of strategies pioyed by students to
complete proportional reasoning tasks: LeveB (As summarized by Langrall and
Swafford, these levels are described as follqagLevel O work shows no proportional
reasoning(b) Level 1 work involves informal reasoning congéegiproportional
situations with the assistance of manipulatives, pictures or other m@dlsyel 2 work
demonstrates a more sophisticated strategy of quantitative reasoning without
manipulatives or can link models with appropriate calculation(dpidevel 3 work
shows the ability of students to set up and solve proportions with full understanding of

the strctural relationships that exist. Sintte researchatesigned the study to
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i ncorporate Thinking Bl ocks akbasedNipomtheer Pi e
use of these virtual manipulatives automatically qualified for inclusion at Level 1.
Virtual Manipulatives asCognitive Tools

Although the development of educational technology encouraged the use of such
resources in the classroom, adittechnological resources provided the same type of
experiences. As stated earli®gnger (2010) distinguishdxtween digital resources and
cognitive tools.A cognitive tool transcends the level of just providing information; it is a
resource that ispecifically designed to allow students to achieve particular learning
goals on a topic of interesAlthough virtual manipulatives are considered to be digital
resources in that they are comptitesed information sources, they also qualify as
cognitivetools. A teacher can generate a workshwedisplay a videdrom a website so
that students can practice certain mathematical skills. In this case, the teacher used a
digital resource. Howevethese resources providpdacticerather tharconceptual
development.

In the case of a cognitive tool, the website must allow for dynamic interaction and
connectivity between changes that the student introduces and the results seen from such
change.For this research, one goahsto ascertain thempact that virtual manipulatives
have when they are usaddevelopimg proportional reasoning skills. Sinthinking
Blocks and Number Piecgsovided opportunities for students to build models and
explore proportional relationships, the virtual manigués function as cognitive tools.

Pea (1987) describaxmbgnitive technology tools as a means for users to act upon

representations of mathematical objects, as well as sharing the cognitive load of the
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learner. Virtual manipulatives fulfill this descriptio As seeiby the descriptions of
Songer and Pea, the emphasis upon the cognitive aspect of virtual manipblativese
two researchers cannot be overlooked.
Proportional Reasoning

Mcintosh (2013) defipr opor t i onal reasoning to be
multiplicative relationships to compare quantities and to predict the value of one quantity
based on t he (p&) Alengwith this dinitiont Nicintosh also
provided situations thatvere not considered to fulfill the requirement to be proportional
reasoning; namely, setting up and solving a proportion by using cross multiplication to
find a missing numberln order to develop proportional reasoning skills, it is necessary
to understanthe concept of ratio.
Ratios

A ratio must beunderstood as eelativecomparison Nikula (2010)considered
that moving beyond absolute comparisons to relative comparisons is necessary for
understanding ratios. The difference between absolute companidaalative
comparison is illustrated by the two phrakesr much morandhow many times more
respectively Absolute comparison is additive, while relative comparison is
multiplicative. As Lobato and Ellis (2016uggestdin their work withessential
understanding concerning ratios and proportipns iia rati o i s a mul ti pl
of two quantities, or it is a joining of t

Ratios andractions aréinked, butthey arenot identical Students often believe

that the termsatio andfraction are interchangeable (LobafoEllis, 2010). However,
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Clark, Berensn, and Cavey (2003) illustratéhe distinction between ratios and fractions

with the golden ratioyritten 1 ; the value of tfs ratio is an irrational number,

whereadractions are rational numbers. Another distinction between theseotveepts
wasgiven by Lobato and Ellis (201@pncerninghe type of comparisons that can be
expressed. Ratios express garpart comparisos, wthile fractions express patt-
whole comparisons.
Concerns with Proportional Reasoning

Studentsanwrite andsolve proportionswhile not having adevelopedsense of
proportionalreasoning Ben-Chaim, Keret, and llany (2012¢garecdthe presence of a

formal stategy as an indication of tlexistence of proportional reasoning and abstract

~ N

thinking; that is, using the proportion formula —h ¢hihidiQ 1t was a sign that the

user possessegmtoportional reasoning skillsThe context in whiclsuch astatementvas
madeinvolvedthe use of algebraic expressions within the proportiearch of the
literature revealethat other researchensld a different perspective concerning the use

of crossmultiplication to solve a proportiont is possiblefor a studento set up and

solve a proportion using cressultiplicationwhile at the same time lagkdeveloped set

of proportional reasoning skills (Nikula, 2010). This situation was demonstrated by a
student who set up and solved agmrtion successfully, due to the mathaticsproblem
being in a context that lent itself to such a procedure; however, the same student could
not solve other tasks which required proportional reasoning (Lobato and Ellis, 2010).
Lamon (2012declaredhatstudents compensate for a lack of proportional reasoning by

using rules learned in algebra and geometry.
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Studentoftenapply proportionalrelationships taituationsthatdo not call for
proportionsdue tosuperficial cuesthat arepresent in thgroblem (Lamon, 2012) The
inappropriate use of proportions to solve a mathematical problem can indicate a weak
sense of procedural fluency with respect to proportional reasoRmag.edural fluency
has been defined as the knowledge of procedures and the knowledge of when and how
these procedures are to be used (National Research Council, #0019.case of
proportional reasoning, a misapplication of proportions in order t@ soiathematical
problem often occurs when three numbers are present and a fourth value is sought.
Lamon (2012) providedxamples of problems in which students attempted to use
proportionsnappropriately in order to solve for a missing quantity
1 filf a football player weighs 225 Ibs, how much will 3 football players
weighd (p. 4)
In this first problem, the use of proportions assumes that all football players weigh the
s ame. This assumption makes the term Af oo
measurement.
1 Alf Ed can paint his room by himself in 3 hours, and his friexkd vorks
at the same rate as Ed, how long will it take to paint the room if the boys
work together8 (p. 4)
For the second problem, the situation involves an inverse relationship with the number of
painters and the hours it takes to paint: as the nuaflpainters increases, the time it

takes to paint the room decreases.
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1 fBob and Marty like to run laps together because they run at the same
pace. Today, Marty started running before Bob came out of the locker
room. Marty had run 7 laps by the time tBab had run 3. How many
laps had Marty run by the time that Bob had run 12 kafs?)
On the last problem, the head start of running laps by the first person is an additive
situation,not a multiplicative situationWhen a student has a developedssenf
proportional reasoning, they will know when and when not to use a proportion to solve a
mathematical problem.
The devel opment of proportional reasonir
mi ddl e grades mat hemat i cs Lagngratl gnd Swafford( NCT M,
(2000)foundthatstudents use proportional reasoning to consolidate their knowledge
gained at the elementary lewelorderto build a foundation for future mathematical
learning, especially with respect to algebraic reasonim¢perthesis Korth (20L0) wrote
fistudents need to have a conceptual knowledge of proportions in order to apply the
concepts to real life(p. 3). However, several research studies have shown that
proportional reasoning is challenging to develop succégsfustudentgCramer& Post,
1993;Nabors, 2003Norton, 2005; Singh, 2000; Yetkin&r Capraro, 2009) Larson
(2013) repordthat students must make significant shifts in their thinking in order to
acquire proportional reasoning skills.
Karplus et al(1977) identified a situation in which a connection between
conceptual development and expression of the concepts in language existed. In their

study, Karplus and his colleagues stated that students described proportional relationships
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in rudimentary term Munro (1989) affirms this situation is not unusual; rather, children
construct new ideas and learn later the conventional language formats in order to express
these ideasSome researchepsoposehe idea of developing concepts and language
simultaneously, stating dlinking manipul at
cruci al i n such | earning ex pAecordilgmoces ( Fi sh
MacGregor (2002), no linguisttbeory eistedat that timewhich provided a satisfactory
account of how comparison of quantities was con@dzied and expressed in words. So,
attention to the use of language and vocabulary while students develop proportional
reasoning skills is warranted.

Anocther issue to consider in the topic of proportional reasoning is the void created

by the decreasing emphasis of researtthe topic within the realm of mathematic
education.According to Lamon (2007), major contributors to rational number research
havedeceasedr retired An examination of the dates for referenceBeveloping
Essential Understanding of Ratios, Proportions, & Proportional Reasoning, Gra8les 6
(Lobato & Ellis, 2010) appeat 0 support Lamonds assertion:
aredated after 2007. A similar inspection of the articles listed on the website for the
Rational Number Project revealthat 98 articles or books were published in the years
19792013; however, only eight articles or books were published in the year20067
(Regents ofJniversity of Minnesota, 2013)lt is possible talisagreevi t h Lamond s
assertion; howevethis studyis intended tacontribute to filling any void in proportional
reasoning research, especially the application of virtual manipulatives to the development

of proportional reasoning skills.
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Another possibility to consider when examining proportional reasoning research
is the cyclical nature of trends with respecstwhresearch. It is not unusual to see
emphasis on certain mathematical topics in a given period of time, imhicin
encourageresearchers to pursuestie topics. As the emphasis shifts to other
mathemécal topics, the research also shifts. At the NCTM Annual Meetings of 2013
and 2014, held in Denver and New Orleans respectimaiperousessions focused upon
proportional reasoning topic$o, although Lamon may have a point concerning a lull in
resarch with a focus on proportional reasoning within a given period of tmoeg
recentresearch may agafocus uporproportional reasoning.

Background of Manipulatives

Teachers have tried to determimetterways for students to learn and master
mathematical concepts and sharpen mathematical skills. Commenting upon this
situation, Loucks and Gangloff (2006) decthteh at fAonce upon a ti me,
students to practice math skills was using pencil and pgm. C3) The development of
mathematical ability and the deepening of mathematical concepts in the minds of students
do not solely depend upon menial dillManipulative materials have been introduced
into the mathematics classroom for years. Tineseerials have been accompanied by
differing opinions as to their efficacy. However, there have been advocates for the use
of manipulative materials with respect to education for centuries. Comenius, Allingham,
Pestalozzi, Montessori, Froebel, and Gaoddare just a feveducational scholamsho

recommenddthat education should not be restricted to just words and lecture alone
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rather, manipulativeshouldhave an appropriate use in the mathematics classroom
(Namukaseaet al, 2009.

Effectiveness of Maipulatives
Research on the efficacy of manipulative materials has been conducted g vario
levels throughout the yeafdamukasa et al., 2009; Suh & Moyer, 2Q0Fyiedman
(1978) revievedthe theravalable four studies that focadupon the effectivegss of
manipulative use in the mathematics classroéta.also examined 18 doctoral
dissertations with a focus upon manipulative use in the classroom, produced between
1970 and 1978; of these studies, 14 of them demonstrated no significant differences or
found mixed results. In light of these findings, Friesirdetermined that manipulative
use produced effective results for students in the first gralyeargung the studies
involving students above the first grade did not produce any significant differences
between groups using manipulatives and those grthat did not.In the same article
Friedmansuggested manipulatives should be included as a tool in mathematics
instruction and further research performed concerning effective use of manipulatives.
Meta-analyses have been performed concerning studidgseogffects and
influences of instructional aids and manipulative materials with respect to mathematics
instruction and mathematical achieveme&bwell (1989) indicated that implementing
manipulative materials into mathematics instructions in kindexgdhrough grade eight
produced greater achievement as compared to mathematics instruction without such
materials. Carbonneau, Marley, and Selig (2013) performed aamelgsis on 55

different studies that compared instruction using manipulatives vathugtion using
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only abstract mathematical symbols. Their findings indicated that the use of
manipulatives in mathematics instruction produced a stoathediumsized effect on
student learning. Additionally, other instructional variables influencedtteagth of
this effect.

There ardiffering opinions with respect to the effectivenesshefuse of
physical manipulatives in the mathematics classrodmstudy by Raphael and
Wabhlstrom (1989) concludeghat teacher experience and extensive usestiuctional
aids in the geometry classroom contriloLtie a greater coverage of conteny, in
general, teachersere notvery enthusiastic aboutteef f i cacy of mani pul at
review of instructionaimethods research studissncludel that many dthesestudies had
flaws, which cast dispersion upon the conclusions that were byatthe researchers
(Fey, 1980) McNeil and JarvinZ007 reporedon two possible theoriaghich
explairedwhy manipulatives might hinder studemdearning mathematical concepts
instead of helping themThese hindrancesere (a) ineffective implementation of
manipulatives by teacherand(b) dual representation of manipulatives. With the
former, the problemvasin how teachers may chooseusethe manipulatives, while the
latterinvolved the objects themselves

Active, handson learningcanlead toconceptuablevelopmentnstead ofust
proceduraimastery Schoenfeld (20073tatecthati y ear s of | ear ni ng mat
passively result in a popul ation Mrthaht t end
manipulatives provide an environment of activity and support, which in turn can engage

the student in learning mathemattonceptssuch as proportional reasoninghe
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overall concept ofmathematical proficiency is an idea that is comprised of five different
strands(a) conceptual understandingomprehension of mathematical concepts,
operations, and relation@) procedural fluecy 1 skill in carrying out procedures
flexibly, accurately, efficiently, and appropriate(g) strategic competendéeability to
formulate, represent, and solve mathematical problé@hsadaptive reasonirigcapacity
for logical thought, reflection, exahation, and justificatigrand(e) productive
dispositioni habitual inclination to see mathematics as sensible, useful, and worthwhile,
coupled with a belief i nNatond RegearchcCeuncil,bnd one
2001). Although virtual manigatives may not address all five strands of mathematical
proficiencyequally, their use can contribute to conceptwaderstandingstrategic
competence, and adaptive reasorig@ctively involving students in the process of
learning.

It is appropriateo considehow manipulatives influence and affect learning of
mathematical conceptd he use of manipulatives in the classroom increased during the
1960s when rationales for their use were offered (Thompson, 1994), but some of the
reasoning behind thiscreasavasbased more on availability thamy particular
scientific theory.In more recent yearslamukasa et al. (2009) aitéhe following
rationales as being the most prevalent for manipulative use: psychological theories of
concept development awtiildren growth, theories of discovery and active learnamgl

different learning styles.
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Effectiveness of Virtual Manipulatives

With respect tdhe conceptual framework for this research, several rationales
support the idea that virtual manipulatives are cognitive tools. Dual c(@liak &
Pavio, 1991 pand scaffoldindSuh & Moyer, 2008are two cognitive theoriesuggesting
virtual manipulatives provide support for students as they learn and master mathematical
concepts. The linkingf multiple modes of expression asi@pby-step support as
students work mathematical probleare features intrinsic to virtual manipulati&ih
& Moyer, 2007) also, improved attitudes of students toward mathematics have been
reportedLee & Chen, 2010; Reimer & Moyer, 2005)n addition, factors of
convenience, availability outside of the classroom, and increased time doy tstskients
are reportedMildenhall et al., 2008; Moyer et al., 2002)

Onecognitivetheory in particular that igssociatedvith virtual manipulatives is
Dual Coding Theory (DCT)DCT advances the idehat information for memory is
processed and stored using twdetént sets of codesisual codes and verbal codes.
Virtual manipulativesanprovide students access to both types of codesording to
Clark and Pavio (1991)hése two different coding systems are interconnedD&ail
suggest that information is more readily processed and retained through presentations
that involve both images and text (Jacobs, 20@&ih and MoyePackenham (2007)
examinedhe use of both physical and virtual manipulatives with grade three students
learningfraction and algebraic concepts, using both sieglged and duatoded items.
They concludd that dualcoded representations in virtual manipulative environmernts ha

the potential to be effective in teaching mathematical processes; additionally, tlhe meth
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of using dualcoded representations may aid in the learning of complex algorithmic
processesThus, the research of Suh and Mefackenham supports the premise that
virtual manipulatives function as a cognitive tool.

Researchers report about thelighof manipulatives to bridge the gap between
various levels of learning in mathematics. Manipulatives provide scaffolding for uden
as they internalize learning, which was a support mechamgposednVy got sky o s
work (Namukasa et al., 2009In their work with teaching fraction equivalence to a
group of19 gradefour students, of which 10 were considered special needs students, Suh
andMoyer (2008) concludstthat unique features of virtual tools enabdpecial needs
students toeducethe cogniive load associated with thask of maintaining both
pictorial images and symbolic notations. Tieduction of cognitive loadllowed
students to focus more upon the mathematical processes and relationships.

Virtual manipulatives appear to go beyondd# listedationales and achieve a
level of efficacy based upon other facto&uh and Moyer (2007) repertthe explicit
linking of multiple modes of expressiamtheir research involvingradethreestudents
who workedwith virtual and physical algelarbalances. Virtual manipulatives affecd
the opportunity to make meaning and see relatipsshat occuedwhen students
engagd with technology(Moyer et al., 200R Suh, Moyerand Hed2005)usel virtual
manipulative fraction models to el grac five students the ability to use multiple
representations, as well as the ability to translate between these representational models.

Step-by-step suport with algorithmic processes affordedin the mathemiics

classroom when studergaga@ with virtual manipulatives. According to NCTM
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(2000) , children can use virtual mani pul at
develop an initial understanding @g.26sophi s
27). In addition,immediate feedback with sethecking mechanisms available to
students whethey use virtual manipulativéSuh & Moyer, 2007).

Studies reporan improved attitude toward mathematiggh the introduction of
virtual manipulativesnto the classroom &eg; Ramer and Moyer (2005) reped that
virtual manipulativesenhands t udent s® enj oyment wheel e | ear
and Chen (2010) studig¢de progress that grade nine students in Taiwan made while
working with virtual manipulatives aspoblemsolving tool. Usinga Mathematics
Attitude Scale (MAT)they concluddt h at st u dsadaward mathematics t ud e
improvel as a result of working with virtual manipulative&dditionally, students have
demonstrated increased time on taska reult of using virtual manipulatives (Crawford
& Brown, 2003).
In addition, specific factors that do not connect to learning theergearealso

necessary considerationbien determining advantages that virtual manipulatives might
offer. Technological advances have made access to virtual manipulatives feasible for
students and teachers. With the increased accessltddtrestin the classroom, virtual
manipulatives are usually available as free resources (Reimer & Moyej, ZD&&thers
who arereluctant to send manipulativeemewith students can offer access outside of
the classroom via thiaternet Concerns about having enough matsffia each student,
as well as losingiecesof physical manipulatives, are overcome by the afsvirtual

manipulatives (Moyeet al, 2002) Mildenhall et al. (2008) commetton the improved
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use of time management and classroom management achieved by teachers using virtual
manipulatives as compared to physical manipulatives.

Physical Manipulatives and Virtual Manipulative Counterparts
By comparing physical manipulatives with their virtual counterparts, it is possible
to determine areas in which the physical models may have potential shortcomings for
which virtual models may compensate. Phgisinanipulatives require storage space; in
addition, the time it takes to distribute, collect, and inventory mateaalseduce
instructional time.Mildenhall et al. (2008identifiedthe following advantages for
teachers, students, and parents witpeesto the innate qualities of virtual
manipulatives
1 itis possible to record and store the movements and actions of users;
1 parents have the potential to assist students;
1 there is potential for alteration;
1 virtual manipulatives are available aadcessible to diverse groups of
students, such as students with special neaus;
1 virtual manipulatives appeal to older students who believe that these
forms are more sophisticated than manipulatives in concrete form.
Thereareadvantages to implementingtual manipulatives in the classroom;
nevertheless, there are certain caveats as well. Since virtual manipulatives are
technologically dependent, problems can arise when technology fails to function as
planned. Websites thatere onceactive might besme inactive and unavailable at a

mo me nt 6 sSumaad Moyer(2007) cautiedthat students do not automatically
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make connections between actions with manipulatives and actions with symbols; teachers
must make a conscious effort to establish thesaexiions. Althougla lack of
connectiorcan occur with either type of manipulative, the danger of students perceiving
the virtual manipulative models to be merely another type of game or form of
entertainment must be considered and addressed to pagyehsconneabn fromthe
mathematical concepeing studied
Findings Concerning the Use of Virtual Manipulatives

The use of technotfy in the mathematics classrooorged as various hardware
and software packages lagte available; virtual manipulativeseaincluded in these
advancesnade by technologyOther than availability, research shows that virtual
manipulativeshave beemsed effectively in the mathematics classroom setiitiy
respect to teaching the concepts of equivalent fractions and adding fractions with unlike
denominatorgMoyer-Packenham et al., 2013; Moyeackenham & Suh, 2012)i and
Ma (2010) conduetda metaanalysis of the impact of computer technology on
mahematics educatiom K-12 classrooms. Thegoncludel a variety of studies hav
examined virtual manipulativeand that these tools have had a positive impact on both
student achievement and student attitude toward mathematics.

Another metaanalysis caducted by MoyePackenha and Westenskow (2011)
compare the use of virtual manipulatives to other instructional treatments. Within 29
studies, 79 effect score casesergeccomparing virtual manipulatives with other
instructional treatmentsBased upn their findings,usingvirtual manipulativesvasan

effective instructional method for teaching mathematics when compared to other



53
instructional treatmentsMoyer-Packenham and Westenskaiso found that combining
virtual manipulatives with physical mamlatives as a treatment resulted in some of the
largest effects produced in the matzalysis.

Moyer-Packenham et al. (2018gsigreda mixed methodtudy, usinga pre
test/posttest quantitative component aaldservation ethogranvghen comparing virtual
manipulatives to other instructional treatments in a {fandl fourthgrade classroom
setting. They concludd that virtual manipulatives were just as effective as physical
manipulatives in teaching students concerning equivalactidns. While examiningthe
use of virtual manipulatives with different achievement groups ot@ftide students
learningfraction equivalence and fraction addition with unlike denominatorseioy
Packenham and Suh (2012) disepretest/posttest conponent andiideotapes of
classroom sessions to gather data from four different groups of students: one low
achieving, two average achieving, and one high achieving. They found that although all
groups made gains in their mean scores, the gains in thecloeving group were
statistically significantPretest mean score = 70.15D= 21.44, Postest mean score =
81.31,SD= 12.34:t(12) =-2.433,p = .032
Extent of Virtual Manipulative sUse

There seems to be differing opinions as to the extent of the reseadictecn
the efficacy of virtual manipulatives. Several articles report that the body of research in
the area of virtual manipulatives is small but growjHgntet al, 2011; Marth &

Lukong, 2005Reimer &Moyer, 2005) being suchit is a challenge to find research that

specifically addresses and documents work in classrooms with respect to the use of
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virtual manipulatives$teenret al, 2006) Otherrepors indicatethat the usef virtual
manipulatives ig new trend with few studies investigatigimpact of virtual
manipulatives upon thattitudes of students toward mathematics (&e@hen, 2010).
Alternately someresearcherseportthatresearch on manipulatives is abunida
(Namukasa et al., 2009). In their work with virtual manipulatives that focus upon the
concepts of heat and temperattachaia, Olympiou,andPapaevripidou (2008)
emphasizé research with virtual manipulatives has existed for decad®se can
attributethesecontradictoryopinions to the variouglefinitionsthatexist forvirtual
manipulativesthe use of virtual manipulatives in different fields of stualyd the
different types of virtual manipulatives available

Research on virtual manipulatives is neither limited to the mathematics classroom
nor restricted to just one level or topic of stud@acharia et al. (2008) studiduketimpact
of virtual manipulatives on the understanding of the concepts of heat andaampéy
undergraduate studentsamhyscs classroommoreover, the study wasplicated
(Zacharia & Constantinos, 2008y he researchers concluded that virtual manipulatives
were an effective tool in the understanding of the physical concepts studied.

Several studies focus upon the use of virtual manipulatives in the elementary
school. Steenret al.(2006) condu@dresearch with grade one students and geometry
instruction using virtual manipulatives. Grade three students learning fraction concepts
with virtual manipulatives was the focustberesearch by Reimer and Moyer (2005),
while Suh and Moyer (2007) concentrdtepon grade three students learning algebraic

relationships with the aid of virtual manipulativeSuh, Moyer, and Heo (2005)
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researchethe development of fraction sense in grade five students using virtual
manipulative concept tutorials A common finding emerging from these studies
concerns the impact that the use of virtual manipulatives has when compared to the use of
physcal manipulatives: virtual manipulatives can be just as effective as physical
manipulatives when used in the mathematics classroom.

Researcliocusing upon the us# virtual manipulativesn amiddle schooketting
indicates that the appropriate implentation of virtual manipulatives can be effective
Leeand Cher(2010)studiedthe impact of virtual manipulatigduse on the attitudes of
Taiwanese junior high school students toward mathematieg found that thase of
virtual manipulatives had positive effect about learning mathematiégoyer and
Bolyard (2002) usgvirtual manipulatives while working with middle school students
and gemetric thinking. They concludeghat virtual manipulativeassistedniddle
school students to transition from oren Hiele level of geometric thought to the next by
engaging students with a variety of interactive geometric models.

TechnologyInput Modality

The use of technology in the classroom is an igdueh justfies investigation in
its own right becauséhe continual improvements in technology impact the efficacy of
virtual manipulativesNCTM advocatd the appropriate use of technology, stating that
Astudents can | earn mor e m@ltph2d)mahe adueestofmo r e
interactive whiteboards maké possible for teachers to demonstrate virtual
manipulatives, as well as allewtudents to present their findings to an entire class,

modeling their processes for &l see (Hwangt at.,2009; Midenhall et at., 2008
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However, there are teachers who believe that students become overly dependent upon
technologyin a mathematics classropmhich has an adverse effect upon mathematical
development and compti@anal skill. Teachers repontatchingstudents reach for a
calculator to perform simple operatioigir{g & Redish, 208; Steeret al, 2009.

Clark (183) cautioned hat fimedi a are mere vehicles
do not influence student achievement any more than the truck tivarsi@ur groceries
causes changes in our nutritioip. 445) Based upon this premise, Clark might argue
that the manipulative type needed usein the classroorshould be the least expensive,
since the instructional medium is independent ofdiglerery medium. However,
oppanents of this view conterttiati me di a must be designed to ¢
met hods, and our methods must take Gappropr
(Kozma, 1994p. 19 . Kozmabs vi ew tioadf NETMancermihge r ec o
the role of technology in the mathematics classrodmchnology is essential in teaching
andlearning mathematics; it influences the mathematics that is taught and enhances
st udent s@®CTMe2000,pi 24)dlastings and T&cey (2005) voicttheir
opinion that improved computer capabilities andltfiernetare not replaceable and that
learning is affected by them. Given these two camps of thought concerning the impact of
technology in the classroortie research proposeadthis dissertation can result in
conclusions which support one of these views.

According to Martin, Svihia, and Smith (2012), evidence regarding physical
acti ono6s e mngfmatbematicsincondlusive;rdferent studies declarhat

actiors help, hurt, or haveo impact at all. With respect taechnologyinput modality,
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the availability of both touch screen technology and mouse technology implies that some
differences in efficacy might existhe availability of the same virtual manipulasve
different inputmodalities permits comparison between touch screen modality and mouse
modality. HeatherKearrey (personal communication, Janua#;, 2014) announced that
Gizmos matrematicsand science simulations that help students conceptualize man
important situations in a mathematical or science setting, are now availatstador
through a spafically-designed application. Other applications that are now available for
iPadusers includéseogebraa n d Ge o me t e r Moger-Padkenham et@ala(2014)
declarel that research concerning the effectiveness of touch technology with respect to
childrerd karning has not kept pace with the rapid development of virtual manipulatives
in the touchtechnologyinput medium. Thus, aditional researchomparingthe two
different technolog-input modalitiesn a similar setting is warranted.
Gesturing and Learning

Sinclair (2012) definedesturing as hand motions that accompany speech.

Studies that focusdupon the importance of giering while learningn different content
areaconcludel that gesturing helps to reduce cognitive load (GeMeadow and
Wagner, 200 Chu and Kita2011) workedwith a group of 132 students in which the
students werestructedo rotate objectmentally, picturinghow the objects would
appear after the rotatidrad been appliedThey concludé that thestudentsusing
gestureoutperfornedthe other sidents. In a study that focusepon gestures used
during a mathematics lesson, Cook and GeMaadow 200§ concludel that students

who usel gestures during the lesson did a betterg@hembering the correct strategy
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demonstrated in the mathematics less®mpposd to those students who did not
Goldin-Meadow, Nusbaum, Kelly, and Wagn@001) conducedan experiment in which
they asked theisubjects, botlchildren and adultdp remember a list of items while
explaining how they had solved a mataticsproblem. The results indicat¢hat
subjects from both age groups remenakenore items from the list the subjects
gesture during their explanationsGesturing before a lesson or during the lesson
improvel later performance, which imptighat gesturings a factor that improved
retention and redl (Cook, Mitchell,& Goldin-Meadow, 2008).

Gesturing associated with bogihovementwhile engaged idearningactivities
canimpactlearning Gerofsky (2010) conducted research in which she considered the
impact of gesturing on mathematiearning. One theoretical basis incorporated in her
work was embodied learning theory. Embodied learning theory explores teaching
methods that integrate body, sensory, and intellectual engagement on the part of the
learner. GoldirMeadow and Beilock2010) suggestdthat experiences in the world
affect how information is processespecifically,these experiencasvolve a greater
network of sensorimotor regions of the braitaek and Hoffman (2014) determined
manipulating computer mice can be chaijieiy, depending on the age of the child and
their prior experience using mice; further
potential of new input devices such as touchscreens and gesture detection to overcome
t hese chal | &Vithgesmect (o pirtual inanipylatives and the development of

proportional reasoning skills, comparing work produced by students who use the two
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different technologynput modalities has the potential to reveal any differences
attributable to each modality.

Gender Differences

Extensive research, especially in the 1
concerning the influence of gender on the learning of mathenfggosema et al., 1998;
Peterson & Fennema, 1985teinthorsdotti& Sriraman, 2007). &lwever,there isstill
disagreement as to how much gendiéfierences existvith respect to learning
mathematics Some studieBavefound that no tatistical significance occumsith respect
to gendereven at various grade levéfsmit & Neria, 2002; Mayall, 2008;
Steinthorsdotti& Sriraman, 200)( Other reports declaredahgenderdifferences exist
butthey aredecreasingfleemskerlet al, 2009 Jackson, Brummel, Poll&&, Greer,
2013 NCES, 2003 Some studies focugpon gender diérenceswith respect tdhe use
of computer technologiyn theclassroom (Christensen, Knez&kOverall, 2005Mims-
Word, 2012 Plumm, 2008andhavefound technology may contribute to gender
differencednstead ohelping toremowe them

Lindberg, Hyde, Petersen, and Linn (2010) published a-aretbysis that
analyzed gender differences in recent studies of mathematics performance. They
concluded that males and females performed similarly in mathematics. However, this
finding may not ex¢nd to the specific area of proportional reasoning. A study conducted
by Karplus, Pulos, and Stage (1983) involveigven yeaolds and thirteen yeands
focusedupon proportional reasoningdlthoughthe researcherncluded that age did

not have an #ect upon performancegender was not factored into the studydditional
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studies in which gender was consideneth respect to proportional reasonirggulted in
different findings

Meehan (1984) conducted a mataalysis to determine if any gendéiferences
existed with respect to formal operational thought, which included proportional
reasoning. She concludithat males exhibia better proportional reasoning performance
than females, although the difference was small. In their study of therpoogal
reasoning skills of Turkish middle school studentagiid-Koca and Altay (2009)
concludel that no differene with respect to@nder existedAlternatively,

Steinthorsddir and Sriraman (2007) reperthat a 2003 Programme for International
Student Asessment (PISA) study indicatied 27 out of 41 participating countries, there
were statistically significant gender differences in favor of boys. The one exception was
Iceland, n which the PISA studyndicatedthat gender ifference in achievement favors
girls. With respect to proportional reasoning, the study by Steinthorsdottir and Sriraman
(2007)showedno gender differences in the overall sieceate, although girls appedr
to be more successfwhen working with symbolic problenvshile boys appeadto be
more successful in papartwhole problems. In light of these findings, any influence the
use of virtual manipulativgsrovidesin developing proportional reasoning skilarrants
researchespecially if any difference with respect to gender occurs.

Chapter Summary

Every development, refining, or advanuentof technological resourcgsovides
both teachers and studettie opportunity to enhance learning. However, availability is

not a garantee that such opportunities are equal or effecAveview of the literature
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indicatedvirtual manipulatives can be used effectively in the classroom, but there is a
lack of research in whictineimplementatiorof virtual manipulativedor thepurpose of
developng proportional reasoning skillsccurred By conductingesearch at the
classroom level, itnay be possible to determitiee following:(a) if the use olirtual
manipulativeshave an impadh developingproportional reasoningb) if gender has any
impact when using virtual manipulatives in developing proportional reasq)ng;
technologyinput modality offers any advantages to students in developing proportional
reasoning; andd) if there is any significant interaction betwegegnder andhput

modalitywhen using virtual manipulatives in developing proportional reasoning
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CHAPTER lll: METHODOLOGY
Introduction
A review of the lterature in Chapter Il gicateda need foresearch with respect
to the impact of virtuatanipulatives on the development of profmél reasoning
skills. This chapter describ@smixed method research design tlawedthe researcher
to gathebothquantitative and qualitative dataa convergent parallel desigihough
these dataveregathered concurrently, theyereanalyzed separatelylheresearch
guestions to be answered at the conclusion of this resaa disted
1. What gains are made by grade six students wheral manipulativesire
used to teachertain aspects of proportialreasoning?
2. What differences exist with respect to gender when using virtual
manipulatives to teach proportional reasoningrede sixstudents?
3. What differences exist between students who use touch technology and those
who use mouse technology wheuadsting proportional reasoning?
4. What interactions exist between gender and techgyatggut modality when
students use virtual manipulatives when studying proportional reasoning?
5. How do grade six students who use virtual manipulatives differ from those
grade six students who do not use virtual manipulatives when developing
proportional reasoning skills?
In December 2013he researcharonducted a pilot stugdyvhich created an
opportunity to work with the research design #melspecifidechnologyintended for use

in the dissertation studyChapter llicontainsthe results and conclusions frone tpilot
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study The conclusions from the pilot stuliglped refinghe researcheaskign of the
dissertation study, which is discussed in length in thipteas well.

Setting

The community from which the participants in this research cgasdocated in
the southeastern region of the United States. According to the census data, this
community hd a population of approximately 53,000 residents. Of thesamunity
residents, males constitdté9% of the population and femalascouneédfor 51% of the
population. The largest race grompsWhite, which accoutedfor 92% of the
population. The Black and Hispanic populatweasapproximately equal, accoung for
3.5% and 3.8% ahe population, respective(Wnited States Census Bureau, 201%he
school system that housthe participants in thistudyservel approximately 4,500
students; therereresix elementary schools, one middle school, one ninttieggaademy,
one high school, and one alternative schiothe school district

The schoolsedin this study called XYZ Middle Schoolvasthe sole middle
school within the school systenXYZ Middle Schoolwaslocated ina rural setting that
housedstudents in gradesx - eight The demographics fotYZ Middle Schoolduring

the duration of the pilot studyppeatn Table3.
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StudenDenpgraphics at XYZ Middle Schoaliring Pilot Sudy
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Demographic Grade Grade Grade Percentage of
Six Seven Eight Population

Male 141 150 157 47.0
Female 173 155 178 53.0
Total 314 305 335 100
Asian 0 0 2 0.2
Black 4 3 10 1.8
Hispanic 17 8 13 4.0
Indian 0 1 2 0.3
Multi-racial 4 3 2 0.9
Pacific Islander 0 0 1 0.1
White 289 290 305 92.7

As seen in Tabl8, during the pilot studytherewereslightly more female

studentghan male studenemnrolled inXYZ Middle School Also,the population of

students aKYZ Middle Schooldid not exhibit agreat deal of ethnic diversityhe

ethnicity wih the largespopulationwasWhite. Not only is this ethnic group considered

to be the majority, itvasalso a plurality given te difference between the two groups

with the largespopulation is838.7 percentage pointand thus greater than 50%
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With respecttoX Y Z Mi d d | enatl®ratiosdepartrenttherewerel0
teachers who serdehe generastudentpopulation;three special education teachers who
serval special service students in either an inclasetting or a pulbut settingand one
special education teacher who serstudents placed in a Comprehensive Developmental
Classroom (CDC)One section of Algebrawasoffered for those students gnade
eightwho qualifed for enroliment based upon standardized test scores fhenptevious
school year.

Pilot Study

In order toestablish an appropriate research design as wafitaspate and
address potential problems with technoldyg, researcheronducted pilot study during
DecembeR013 athe XYZ middle schoal Thepilot study required the recruitment of a
grade six host teachegferred to ad/s. Yanth(a pseudonym)The pilot studybegan
with 40 studentdrom two gradesix mathematicglassroors, bothinstructedoy Ms.
Yanth due to absences, 37 students comgl#gte workin the pilot studywith 18
students in the first class peri@@roup 1)and 19 students in the secqi@oup 2) All
of the students participating in the pilebrkedwith iPad technologyas such, the pilot
study did not considgechnologyinput modality as a factor

In addition to providing an opportunity to address potential technological issues
thatcouldarise, the pilot study provided setting in which to establish measures of
reliability for thetesting instrumentsmtended for the idsertation researctzrom
established resourcdbge researchateveloped and administered two different forms of

an assessmendtlentified as~orms A and B.Each form consistedf 28 multiplechoice
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guestions:Form A served sithe pretest for half of thearticipants while Form B served
as the preest for the other half. Conversely, Forms A and B served as th&epbir
each respective grouprhe use of this counterbalancing technique eliminated any serial
effectthatcould have been introduced by using one version as the setlespend the
other version as the sole passt. AppendixB contains the test Forms A and B

Theparticipantan the pilotstudy constituté a single group Sudents were
randomly assigreeto the preest/posttest formin orderto achieve a quasixperimental
desighbecause the assignment of students to M
in which they received mathematical instruction required registration in advance
Accordingto Kleinbaum, Kupper, Nizam, and Muller (2008), quasperimental studies
required participant assignment to treatment conditions without complete randomization.
Background of Ms. Yanth

Ms. Yanthheld a Professional Teacher License with an Elementay K
endorsement, Prel endorsement, and a Middle Schod éndorsement. With these
credentialsMs. Yanthwaslicensed for a tetyear period andauld teach any core
academic subject in the-& grade bad; in additionMs. Yanthwasconsidered Highly
Qualified in Mathematics 8, which meanthat the federalequirementsor subject
competencyverefulfilled. At the time of the pilot studys. Yanthhad six years of
experience teaching AtyZ Middle Schoolin the area omathematics.

Though comfortable with teaching ratio and proportion concepts to stulnts,
Yanthstated in an interview witthe researchehat she had not had any specific training

with this topic during her teacher preparation pang of study. In additioriMis. Yanttdo s
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work with manipulativesboth physical and virtualln her mathematics classroomas
minimal. With respect to the use of technology in the mathematics clasdutsrManth
stated that shdid not feel comfortable usg technology in her classroom, although her
studentsworkedwith calculators.Prior to the pilot study, Ms. Yanth did not use iPads in
her classroom.

Demographics of Pilot Study Participants

Thepatrticipants irthe pilot study possesdthe denographicglisplayed in Table
4. The information indicatethe participants in the pilot stu@pproximate the same
demographics as the student population of the middle school, shown previously in Table
3. For instancethe percentageof male students and fematidents in XYZ Middle

Schoolwere47.0% and 53.0%, respectively, while the percerstagimale studentand

female students for the pil otwerebi.4%hyd parti c

48.6%, respectively.
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Table4d

Demographics o8tudentParticipantsin Pilot Sudy

Demographic Number Percentage

Male 19 51.4
Female 18 48.6
Total 37 100
Black 0 0

Hispanic 3 8.1
Multiracial 1 2.7
White 33 89.2
Gifted 7 18.9

For theparticipantsvho completed all the components of the pilot st@dy,
participantg e ner at ed dat a f staterstabdarédizepsuremative us year
assessmest SinceMs. Yanthtaughtthree classes of students who qualified for
enrollment in aracceleratednathemdcs class, the level of performance on the
mathematics portioof thestate standardized summative assessfoethese
participantsvasnot representative of the entgeadesix student populationAll of the
participantsvho took thestatestandardized summative assessme013 agradefive
students scored Advanced on the mathematics test; howevenyvtsstdl variation
within the Advancegberformance levelTables5 and6 show abreakdown of

information concerning the performandetloe participantson the mathematics portion of
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thestate standardized summative assessarahthe Reporting Category Performance

Index (RCPI) The RCPIshowsan estimate oftudent performanaen a 106point scale.

Table5

Breakdown of Advancegtoresfor Pilot Sudy Participants

Scale Score Number of StuderParticipants
798 1
804 9
813 12
829 9

900 5
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Table6

RCPIScoresfor Numbers and OperatioBategoryfor Pilot Sudy Participants

RCPI Score Number of Studerarticipants

94 2
95 3
96 3
97 10
98 9
99 2
100 7

For Tableb, thestate standardized summative assessosad a range of 66800
for scale scores. In order to be classified as Advanced, a student must score at least 795.
As stated earlierhe RCPI Scorereported in Tabl® reflect the projected score thaat
student would be expected to make if there werepbdts available othe Numbers
and Operation category of the mathematics portion cétite standardized summative
assessmeniThe performancefdhe participants on grade five mathematics portion of
the state standardidesummative assessment indicatteat studentshot onlyscorel
Advanced on the overall mathematics portion, they also scored Advanced on the
Numbers and Operation category. Oa fnade six mathematics portion of the state
mandated summative assessment, it is the Numbers and Operation category that contains

the ratio and proportion standards.



71

Instruments
Four different sourcesuppliedthe questions used on the gest/posttest

instrumens in the pilot study (a) the Trends iMathematics and Science Study (TIMSS)
item bank(NCES, 2018) (b) the National Assessment of Educational Progress (NAEP)
item bank(NCES, 2013); (c) a ratio and proportions test posted onéhlettps:/grade8
math.wikispaces.comand(d) modifiedratio and proportion &ms developed e
researchesimilarto those items found in the TIMSS and NAEP item bankisitems
were multiplechoice format with four choices for each question. Any questiectse
from the various sources that was originally offered with five choices had one distractor
removed in order to fit the fotghoice format.All of the questions from the four sources
formeda 56question item bankhe pretest and postest eacltontained 28 questions
The distribution of the questions in the item bank by sowsrdesplayed in Tabl€. The
researchefound more questions concerning proportional reasoning skills in a multiple
choice format in the TIMSS tests from various yearadshinistration as compared to the
NAEP tests, which accounts for more questions from the TIMSS source. The pilot study
required questions from the online test, as well as some modification of questions from

TIMSS and NAEP, in order to have a sufficientmber of questions in the item bank.
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Table7

Distribution ofltems bySource

Source Number of Questions
TIMSS 22
NAEP 6
Online test 12
Modified items 16

Tasks

The researcheselectedasks for the pilot study from NCTM sourcasd created
additional taskshat involved ratio and proportion skillSpecifically,the pilot study
usedt he Mr . Tall/ Mr. Short task Classtoaury, 200
Activities for Making Sense of Fractions, Ratios, and Proportibtayone, Moskal&
Lang 2002). Tasks created by the researcher mirrored the same values used in the Mr.
Tall/Mr. Short task or replicated the same type of problemgtiréitipantsencountered
on thevirtual manipulative websit& hinking Blocks Ratio and ProportioRractice The
tasks used in the pilot study appear in Apperix
Schedule

Conceived as a fivday event, a change in the pilot study schedule occurred due
to inclement weather at the start of the pilot study winddherefore, the pilot study
occurredover four days instead of fivelhe events as they occurred are shown in

Table8.
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Table8

Pilot Sudy Schedule

Day Events
1 Mr. Tall/Mr. Short Task
Pretest

2 Thinking Blocks Ratio and ProportioRractice
Researchedeveloped Task 1

3 Thinking Blocks Ratio and ProportioRractice
Researchedeveloped Task 2

4 Johndés School
Posttest

The structure of the Thinking BlockRatio and ProportioRracticewebsite
allowedparticipantdo work at theitown pace.Participantavorked independently for
most of the activitieas opposed to working in grouplls. Yanttd slassroom structure,
which encouragestudents to work independentipfluenced this choice of work
environment

Eachof the twoclas®slasted sixtysix minutes; within this time, normal
classroom procedurexcurred such aglistributingpapers and taking attendan@lso,
the distribution of iPads, calculators, and other materials required additional time. After
considering the timeaquired to complete these classroom procedtlress remained
approximatelyfifty -five minutes per class periddr participantso complete the pilot

study work
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Pilot Study Data

Datagathered for the pilot studyereof two types quantitative data and
gualitative data Within each of these two categories of data, there were two sources of
data (a) pretest scoreqb) posttest scoreq(c) observationsf participantsas they
worked with Thinking BlocksRatio and Proportion Peace websiteand(d) tasks
completed by the participant3he calculation of quantitative data statistics included
descriptive statistigsneasures of reliability, item statistics, item analysis, item test
correlations, and distractor analysiBhe regarcheplanned to observearticipants
working in the classroom setting in hopes of witnessing patterns parifieipants
worked together; however, due to the natur®sf Yantldé approach te@lassroom
management, minimal observation data emedygthgthe pilot study
Quantitative Results

Mean scores, standard deviations, and standard error meansristifte from
thevarious tests and groungsare reported in Tabl@ Both the pretest and postest
used a 10{point scale The researchegmployed a paired sampletest to check for
statistical significance of test resultEhe pilot study relied upon SPSS, version 20 to

calculate these descriptive statistics
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DescriptiveStatisticsof Pilot Sudy Assessment
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PreTest PostTest

Category Mean Standard Standard Mean Standard Standard

Deviation  Error Deviation  Error
Whole 65.83 14.88 2.45 69.78 12.37 2.03
Group
(n=37)
Male 68.61 14.84 3.40 74.63 11.86 2.72
(n=19)
Female 62.90 14.77 3.48 64.67 11.02 2.60
(n=18)
Group 1 71.62 13.39 3.16 71.03 14.45 3.40
(n=18)
Group 2 60.35 14.43 3.31 68.60 10.30 2.36
(n=19)

Using a paired samplegdst, he difference between tip@sttestmean score and

the pretestmean score for the category Whole Growgs foundnhotto be statistically

significant Howevertheresultsof an independent sampletest showed thdahe

difference in mean scores for Group 1 and Group 2 was found to be statistically

significant t (36) = 2.464,p < .05. The difference in mean scores for the gender groups

was foundhot tobe statistically significantWhen consideringhe posttest, the results

from the independent samplietest indicated the difference in mean scores with respect

to gender was statistically significat@36) = 2.647,p < .05, while the difference in mean

scores with respect to Group 1 and Group 2 feasdnot tobe statistically significant.

Despite the Advanced standing of egelnticipanton thegradefive stae standardized
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summative assessmentMathematics, the minimum mean value score was 60.35 for the
pre-test, while the maximum mean value score was 74.63 for theégzbstThese results
suggestdoneshould notassumehat students who apparently havastered topics in
thegradefive mathematics curriculum already possess developed proportional reasoning
skills.

The percent oparticipantsvho answered the questions correctly on the two
different forms of the assessment instrumegiven in Tables @and 1; in addition, the
source of each questionigentifiedin parenthesis For those questions taken from
previousTIMSS orNAEP assessmentthe percentage of students in the United States

who answered those specific questions corresyovided
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Table D

Item Statistics on Form Alesti Pilot Sudy

Question Number Percent Correct Percent US Correc

(Source)
1(A) 39 28
2 (A) 76 68
3(B) 74—
4 (E) 32
5(B) 7L R —
6 (A) 74 55
7 (E) R —
8 (A) 89 55
9 (E) 74—
10 (E) 87
11 (E) 3
12 (B) X J—
13 (E) 63
14(A) 53 52

Note. (A) = TIMSS, (B) = TIMSS Modified, (C) = NAERD) = NAEP Modified, (E) = Grade 8 test
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Table D (continued)

Item Statisticson Form ATesti Pilot Sudy

Question Number Percent Correct Percent US Correc

(Source)
15(A) 89 70
16(E) 6
17(A) 21 11
18(A) 74 50
19(A) 89 63
20(A) 45 34
21(B) 92
22(B) 79
23(C) 92 75
24(C) 53 44
25(D) 58
26(C) 26 39
27(D) 87
28(D) 82 e

Note. (A) = TIMSS, (B) = TIMSS Modified, (C) = NAERD) = NAEP Modified, (E) = Grade 8 test
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Table 11

Item Statistics on Form BTesti Pilot Sudy

QuestionNumber Percent Correct Percent US Correc

(Source)
1(E) 92 @
2(A) 67 72
3(A) 69 59
4(A) 90 63
5(B) 100
6(A) 69 48
7(A) 79 58
8(A) 82 55
9(B) - ——
10(E) 2
11(A) 100 80
12(B) 1 —
13(A) 95 78
14(B) 13

Note. (A) = TIMSS, (B) = TIMSS Modified, (C) = NAERD) = NAEP Modified, (E) = Grade 8 test
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Table 11 (continued)

Item Statistics on Form Blesti Pilot Sudy

Question Number Percent Correct Percent USCorrect

(Source)
15A) 38 40
16(B) 4
17(A) 41 36
18(E) 56 @ -
19E) 49 -
20(A) 90 73
21(A) 38 45
22(E) 8% -
23(D) 8% -
24(D) 67 -
25(C) 77 72
26(D) 72 -
27(C) 92 60
28(C) 72 57

Note. (A)=TIMSS, (B) = TIMSS Modified, (C) = NAERD) = NAEP Modified, (E) = Grade 8 test
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In comparing the two forms, approximatelyequal distribution of questions
from TIMSS and NAERoccuss on each test formForm A contained5 questions from
TIMSS sources and six questions from NAEP sources, while Form B had 17 questions
from TIMSS sources and six questions from NAEP souré#éisen comparing the
performance of thparticipantdn the pilot study with the national percentagbsye¢ are
only four questions in which the national average percentages exceeded the student
subject percentages (Form A: #26; Form B, # 2, 15, 2§ researcher removed one
answer choice from any question with five answer chasesed from the TIMS®r
NAEP item bankthus, the higher scores seen when comparing the pilot study
performance to national performance could be due to this reduction of answer choices.

Item Analyses The researchgyerformedanitem analysis, item test correlation,
and distractor analysfer each test formThe information gathered from these analyses
provided valuable feedback for the dissertation research test construiadtes 2 and

13 containthe item analyses for ForAand Form B, respectively.



Table 2

ItemAnalyses for Form A Pilot Sudy

Percent Point P-

Question Correct Biserial Value A° B C D

1 39.47 0.44 039 17 15 1 5
2 76.32 0.34 0.76 29 7 1 1
3 71.05 0.35 072 27+ 3 2 6
4 31.58 0.26 032 1 12 24 1
5 28.95 0.02 029 20 11* 6 1
6 73.68 0.26 0.74 28 2 8 0
7 60.53 0.42 061 12 23 O 3
8 89.47 -0.02 089 O 0 4 34
9 71.05 0.11 077 27~ 5 4 2
10 86.84 0.27 0.87 4 1 33 O
11 34.21 0.17 03 3 12 13 9
12 63.16 0.29 0.63 6 1 24 7
13 63.16 0.18 063 8 24 3 3
14 52.63 0.03 053 20+ 4 3 11
15 89.47 0.40 0.89 34 2 0 2
16 65.79 0.44 0.66 25+ 12 1 0
17 21.05 0.32 021 16 8 6 8

Note. * denotes correct answer.
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Table 2 (continued)

ItemAnalyses for Form A Pilot Sudy

Percent Point P-
Question Correct Biserial Value A° B C D

18 73.68 0.08 0.76 28 2 1 6
19 89.47 0.21 092 2 34 1 0
20 44.74 -0.03 046 4 7 9 1~
21 92.11 0.18 095 1 3% 1 0
22 78.95 0.12 081 6 1 300 O
23 92.11 0.33 095 1 35 1 0
24 52.63 0.47 056 6 200 3 7
25 57.89 0.26 061 10 4 22 O
26 26.32 0.20 029 12 1 11 10¢
27 86.84 0.07 097 1 0 0 33
28 81.58 0.00 091 O 0O 31* 3

Note. * denotes correct answer.



Table B

ItemAnalyses for Form B Pilot Sudy

Percent Point P-

Question Correct Biserial Value A B C D

1 92.31 -0.06 0.92 1 36 0 2
2 66.67 -0.03 0.67 2 26* 9 2
3 69.23 0.21 0.69 12 0 27 0
4 89.74 0.03 0.9 35 2 0 2
5 100.00 N/A 1 0 0 0 39
6 69.23 0.23 0.69 3 0 9 27
7 79.49 0.14 0.79 4 2 3I* 2
8 82.05 0.16 0.82 3 32 3 1
9 51.28 -0.24 0.51 2 3 14 20*
10 92.31 0.15 0.92 1 36 2 0
11 100.00 N/A 1 0 39 0 0
12 56.41 0.15 056 14 1 2 22
13 94.87 0.18 0.95 1 0 37 1
14 12.82 0.45 013 26 5* 6 2
15 38.46 -0.10 0.38 3 10 11 15
16 74.36 -0.04 0.74 4 3 29 3
17 41.03 0.15 0.41 8 16* 7 8

Note. * denotes correct answer.
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Table B (continued)

ItemAnalyses for Form B Pilot Sudy

Percent Point P-
Question Correct Biserial Value A B C D
18 56.41 0.19 0.56 2 9 6 22¢
19 48.72 0.23 049 10 4 19 6
20 89.74 0.07 0.92 0 3 3% 0
21 38.46 0.57 0.39 8 7 8 15
22 84.62 0.27 0.87 4 33 1 0
23 84.62 -0.01 0.87 1 1 3 33
24 66.67 0.42 0.68 3 6 26 3
25 76.92 0.32 0.81 7 30 0O O
26 71.79 0.02 0.76 28 2 4 3
27 92.31 0.22 0.97 36 1 0 0
28 71.79 0.43 0.76 1 1 7 28*

Note. *denotes correct answer.

Based upon the results shown, 25% of the questions in Form A had more
incorrect responses than correct responses (questions 1, 4, 5, 11, 17, 20, and 26).
Similarly, 17.9% of the questions in Form B had more incorrect resporsesditrect
responses (questions 14, 15, 17, 19, and R&kp, there were two questions on Form A
that had a negative point biserial value (questions 8 and 20), whereas six questions on
Form B had a negative point biserial value (questions 1, 2, 9, land&3). In

addition, two questions on Form B had no point biserial value in that all of the students
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answered those questions correctly (questions 5 and 11). The point biserial value is
negative when students who performed poorer on the test andhvesedjuestions
correctly more frequently than students who performed better on the test.

Reliability Measures. Since the development o&tionaland international
standardized examinations invotlerocesses for item development, field testing, and
item quality based upon test results, questions taken from TIMSS and NAEP have
already passele@ngthy development argliality checks that enable them to be used on
the examinations in questioior instarce, the TIMSS 2003 assessment development
processpannedwo and onehalf years (Neidorf & Garder2004). FHowever, by
gleaning the questions from the examinations instead of using the entire existing
examination structures created by test developers TIMSS and NAEP, iwas
possible that reliability may have been compromised.Heigful to recalculate reliability
measures for the two test forms developed for the pilot study.

Considering each test forseparatelythe calculationo€r onbachds al pha
yieldedU & 0. 73 for For m AAsapodttedd, regardessbf8he f or Fo
form used bythe studenparticipantsthe calculation o€ r o n b a ¢ lyiéldedUa | 8p h a
063.A scatterplot of the dawasusedtodetermmeaifc h s ub |
the two test formsveretau equivalentwhich occurs when one test form is a linear
function of the other test formif the two test formsveretau equivalent, then onerfa

could predict the results for the other forrRigure13 shows this scatter plot.
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Figure 13. Scatter plot to determine tau equivalency

Since theY valuefrom Figurel3for the regression line is less than 0.5, Forms A
and Bwere notconsidered tau equivalent; thus, these fonasenot effectively
interchangeable as ptest and postest. In light of the greater number of questions with
negative point biserial values, lower test result validity, and lack of tau equivailkeacy,
reearcherejected Form B from future consideration for use in this study.

Qualitative Results

The gathering of both quantitative and qualitative data occurred during the pilot
study Participantsvorkedproportion problemsn theThinking Blocks: Ratio ath
Proportions Practicerebsite; additionallythe researcherollected samples of

participant® wo r k wandphpergasks, @awaly from the websifgppendix C
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contains the tasks used during the pilot stutlye qualitative data complemeqdf rather
than replicated, the quantitative dgtthered from the prest/posttest events.

Observations In the course of conducting the pilot study, the intent of
obsenation focused upon interaction amgueyticipantsand interaction wittthe
technology. Without exception, evergarticipantworkedwith the technology and
websitewithout difficulty. Noincident occurred in which a participasdguld not operate
his or heiiPad; similarly participantsvorkedindependently and used thtual
manipulatives websit® modeling approach to answer the various types of questions
presented Occasionsn which participantsasked questions of the researcher concerning
procedure or understanding the modetsse but these occasions were few and did not
hinder theparticipantsfrom completing the modules of ratio and proportion problems
found on the website.

The interactiorbetween thearticipantswvith each other did not unfold as
expected.AlthoughMs. Yantharrangedarticipantsn groups inherclassroomihe
studentgid not work together in groupsSincethe participantsvorked independently,
there were no conversations to recanythought processesboutany aspect of their
work with the ratio and proportion problemsls. Yanthreinforced independent wor
habits inherclassroom settinglespite thghysicalarrangement gbarticipantsn groups
within the classroom

Work Samples Samples ofvork by eaclparticipantcollected during the
completion of the pilot study indicated a progression of orgaaizand mathematical

thought concerning the solving of problems involving éind proportios. The tasks
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used during the pilot study are found in Appendix@he aspect of the conceptual
framework for this research is the idea that proportional reasoning is deveksped.
presentedby Karplusand his colleagues theirresearch with proportional reasoning
skills (Karpluset al, 1977, there are four levels @fork with respect to the development
of proportional reasoning skillssed in this pilot studyLevel | (llogical), Level A
(Additive), Level T (Transitional), and Level RRatio). As students develeol
proportional reasoning skills, they advadderough these levelsTable ¥ shows the
number ofparticipantsvho were assigned to the various levels, based upon the work they
produced on questions contained in each task, along with the rélaspissipplied to
support the answers they producdd ingpection of the results shown in Tabke 1
indicatedthat the participants assigned to Level A decreased throughout the pilot study,
while those participants assigned to Level R increased. Also, very few students exhibited

work at Level T.



Table ¥

Proportional Reasoning_evels byTask

Task Level | Level A Level TR Level R
Mr. Tall/Mr. Short 1 31 1 6
Researchedeveloped 2 0 0 37
Task 1, Question 1
Researchedeveloped 16 3 0 20
Task 1, Question 2
Researchedeveloped 4 28 0 7
Task 2
Johnds Sch 9 6 1 22
Question 1
Johnds Sch 11 1 0 26
Question 2

Note. Level | dllogical, Level A = Additive, Level TR = Transitional, Level R = Ratio
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Although the questions and tasks used in the pilot study focused upon ratio and

proportion skills, there is always the presence of other mathematical topicarthat

potentiallyinterfere with the performance of tharticipantson these tasks. For instam

the question used for Researchereloped Task 2 involved two similar rectandese

Figureld). The work produced by thgarticipantdndicated that the ideas of length and

width of a rectangle confounded the results of the work obtained with ratios. Although

the missing quantity for this problem wabk@izontalside of one of the rectangles, some

participantagnored their work andupplied an answer that wdse measure of eertical

side ofthe rectangle.
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These two rectangles are similar:

6in =

4in
6in

Find the missing width from the second rectangle by answering the
following questions:

1) What is the ratio of length to width from the smaller rectangle?
64
/

2) If the length of the smaller rectangle were reduced to 1 inch, what would be

the matching width?
[r5
3) Complete this table to show the relationship of length to width for rectangles

of this shape:
Length | Width
1% |2
26 |3
33 |y
4710 |5
s |6
6[1_17

4) For a length of 6 inches, the width of the second rectangle is

Figure 14. Example of vocabulary interference with proportional reasoning.
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The issue concerning length and width can be seen Bathpleresponse to the
first question in thiathe order of comparison for the ratio does not match the order
indicated in the directions. In fact, tharticipantappears to have correctly identified the
scale factor for this problem, butdchot use this scale factor in completing the table for
guestion 3.

After working with the virtual manipulative selected for thi®pstudy, several
participantegan using the block model strategy to answer questions on the tasks
provided away from the websiténcorporating a modeling strategy in order to solve
proportional reasoning skillsasa goal of this research. Figuté shows a sample of the
block modeling strategy thatrticipantsencountered while working witthe Thinking
Blocks: Ratio and Proportis Practicavebsite. The modeling block strategy showed
that the participant recognidéhe need for a multiplicative approach to sdlvese

problems instead of an additive approach.
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1) Cindy and Carlos shared some candy bars in the ratio 3:7. If Carlos had
21candy bars, how many candy bars did Cindy have?

C d { "\[ P T

K(\CJWL( = O[ canty Loy f)>

/-//

2) Nextware sold some tablets and laptops in the ratio 9 to 2. If they sold 44
devices altogether, how many more tablets than laptops did they sell?

e R

Figure 15. Sample of block modeling strategy.
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Pilot Study Implications for Dissertation Research Design

The intent of this dissertation reseaveasto addresshe following research

guestions:

1.

In general, mat gains are made by grade six students wiraral

manipulativesare used to teadertain aspects ofrpportional reasoning?

What differences exist with respect to gender when using virtual
manipulatives to teach proportional reasoningrede sixstudents?

What differences exist between students who use touch technology and those
who use mouse technolpgvhen studying proportional reasoning?

What interactions exist between gender and techyalggut modality when
students use virtual manipulatives when studying proportional reasoning?
How do grade six students who use virtual manipulatives differ fhase

grade six students who do not use virtual manipulatives when developing

proportional reasoning skills?

One purpose of conducting a pilot study prior to the dissertation research

gathering phase was to help address any issues that might have aiisgtheupilot

study concerning technology; in addition, any outcomes from the pilot study that could

help refine the dissertation research design should be considered. With respect to

technology, no issues occurred that would suggest stuctaritsnot work with the

hardware or softwareNo internal connectivity issues, such as lack of adequate

bandwidth forinternetaccess to websites, manifested during the pilot study.
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With regard to impacting the dissertation research design, the folladgagn
the pilot study emergeaks recommendatior@d were implemented accordingly

1 Instead of working with one virtual manipulatsagebsite another websitevas
incorporated in order to support tharticipantsan the development of the
modeling block stragies;

1 Pencitandpaper tasks from the pilot studsererevisited in the dissertation
research, but additional taskiseadyfeaturedn the literaturavereused as well;
and

1 Pretest/posttest desigmwasrevisitedwith respect taeliability in order toselect
the more effective instrument

PeopleAssociated With Dissertation Study

In order to perform research and gather data for this studseskarch design
involvedgrade six studentss participants Also, a grade six mathematics teacher willing
to work with the researcher in the study process was needed. A description of the host
teacher and the participant$o agreed to partake in this study follows.
Host Teacher

As in the pilot studystudents in thelasses of one middle school mathematics
teachesserved as the participants. XYZ Middle School, wkichommodatethe pilot
study, alsmccommodatethe research studylhe teachewho consented tbostthe
researclstudy referred to adls. Xanth(a pseudonym)held a Professional Teacher
License with an Elementary-8 endorsement, which mdahatshewaslicensed for a

tenyear period andauld teach any core academidagect in the k8 grade band.nl
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addition,Ms. Xanthwasconsidered Highly Quali#d in Mathematics K8, which means
thatshe has fulfilledhe federal requirements for subject competerdsy. Xanthhad
thirteenyears of experience teaching at the middle school level in the areas of science
and mathematicswWorking with one teachen this study avoidedny teacher effect
variations that could be introduced thjfering teacher styles and strategies of different
teachers.

Participants

In reporting the results of data analyses, a detailed description of the participants
is first presented to reveal a more complete picture of their background. In this section,
participants are classified by gender and by technology research group. Also, results
from a statanandated mathematics assessment are reported in order to determine
compeency of participants with respect to previous mathematical instruction. In
addition, results from a survey administered to participants are presented in order to
ascertain their experiences with touchscreen technology and their preferences for
technologyinput modality.

Gender and Technology.All of the students who participated in the dissertation
research were enrolled in one of three grade six mathematics classes with Ms. Xanth as
their designated classroom teacher. Originally, 68 students weralitviparticipate in
the dissertation research activities; however, two students declined to participate and 10
students, whose absences prevented their inclusion, did not take part in the study.
Therefore, a total of 56 students were included in the fiat analyses. Tabl®

displays the distribution of the participants among the three groups, distinguished by the
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type of technology used during the actual study: the control group used pencil and paper
activities as the participants worked to devagbopportional reasoning skills, while the
two treatment groups used either iPads or laptop computers with a mouse to interact with

the computer in an effort to develop proportional reasoning skills.

Tablel5

Distribution of Participants

Group Females Males Total
iPad 11 8 19
Mouse 7 12 19
PencitandPaper 7 11 18
Total 25 31 56

An inspection of Tabld5 shows an approximately equal number of participants
in each group. Variations of gender distribution existed, with slightly more males than
femalesin the total number of participants, while more females than males participated in
the iPad group.

State-Mandated Mathematics AssessmentFor the state in which the
participants of this study reside, a statandated summative assessment in mathematics
is administered each year to students enrolled in grades three through eight. Since the
participants in this study were in the first semester of grade six, the most current

mathematical summative assessment was administered in grade five. In ordéeto furt
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describe the participants in each group with respect to their mathematical background, the
results from their performance on the grade five steadated summative assessment
appear in Tablé6. The performance levels on the summative assessmdistade (a)
Advanced; (b) Proficient; (c) Basic; and, (d) Below Basic. A student who scored
Advanced demonstratedmplete mastergf the mathematical standards; a student who
scored Proficient demonstratetasteryof the mathematical standards; andiualent
who scored Basic demonstratgattial masteryof the mathematical standards. Some
participants did not have any scores on the grade five summative assessment in
mathematics either because they were absence during the assessment or did not reside in

the state during its administration.
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Tablel6

Performance Level on Grade Five Mathematics Summative Assessment

Group  Gender Advanced Proficient Basic  Below No Total
Basic  Score

iPad Male 2 3 1 0 2 8
N=28
Female 3 4 4 0 0 11
N=11
Mouse Male 4 5 2 1 0 12
N=12
Female 5 0 0 1 1 7
N=7
Pencil Male 1 6 2 2 0 11
and N=11
Paper
Female 0 5 0 0 2 7
N=7
Total Male 7 14 5 3 2 31
N=31
Female 8 9 4 1 3 25
N =25
All 15 23 9 4 5 56
N =56

A comparison othe scores listed in Tablé indicated that the three research
groups were similar with respect to their performance on the grade fiverstatiated
assessment in mathematics; 14 participants in the Mouse group scored either Advanced

or Proficient, whilel2 participants in both the iPad group and the PemziiPaper group
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scored either Advanced or Proficient. If one focused upon the Advanced cagegory,
distinction between the groups emerged. WihieePencHandPaper group had only one
studentn tha category, the Mouse group had nine students who scored Advanced.
Further inspection indicates that one gender did not significantly outperform the other on
the statemandated assessment, either with respect to the whole pool of participants or
with respect to the control group or treatment groups.

Demographics. The demographics of the students vgaoticipatedn this
researclstudyare listed in Tablé7, while the demographics for the entk¥Z Middle
School appear in TableBL When comparing th&Y Z Middle Schooldemographics
from Table B with thestudent participardemographics in Table71it wasconcluded
that the students participating in this reseatcidy closelyapproximate the

demographic composition of the entire school.



Tablel7

Demographics oGrade Sx Participants

Demographic Number Percentage
Male 31 55.4
Female 25 44.6
Total 56 100
Gifted 3 5.4
Asian 1 18
Black 1 1.8
White 51 91.1
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Table B

StudenDemographics oKYZ Mddle School

Demographic  Grade Grade Grade Percentage of

Six Seven Eight Population
Male 145 134 156 46.4
Female 170 173 160 53.6
Total 315 307 316 100
Asian 2 0 0 0.2
Black 8 7 6 22
Hispanic 16 8 12 3.8
Indian 1 1 1 0.3
Multi-racial 0 4 3 0.7
White 288 287 294 926

Collaborative Lesson Design
In order to prepar®is. Xanthto work with the technology and virtual
manipulatives needed for this dissertation research, tutorial sessiorikeniésearcher
occurred Thetutorial componentonsistedf designing lessoraround theasks which
incorporate proportional reasoning skills, as well as handsractice with using virtual
manipulatives on botthe PC and iPadechnology The tasks found in mathematics
education texts, such @assroom Activities for Making Semof Fractions, Ratios, and

Proportions(Magoneet al, 2002) andTeaching Fractions and Ratios for Understanding
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(Lamon, 2012)wereselected to implemeictassroomessons.AppendixD contains the
tasks used in the dissertation study that were nbtded in the pilot study Egg Carton
(Lamon, 2012) Tree HouséLamon, 2012) Sticks and Rhomk{Lamon, 2012)Make a
New PuzzlgClement, 2002)and Coco#Billings, 2002)

The virtual manipulatives incorporated into ttalaborative lesson design
providedthe opportunity to build models that support the development of proportional
reasoning skills.Ms. Xanthstudiedwith the researchen order to develop proficiency in
using virtual manipulatives when teaching proportional reasoning condegddition
to theThinking Blocks: Ratio and Proportions Practieebsite used in the pilot study, it
wasnecessary to incorporate a virtual manipulative webiséeallowedstudents to
develop block models withotthe guided supportoundin Thinking Blods; in particular,
the virtual manipulative entittedumber Pieceévww.mathlearningcenter.org/apps
providedjust such an environmeni hereare threemainreasons why Number Piece
lends itself for inclusion in this dissertation resear(d) it is afree resource(b) its
structure is intended for place value applications, but the application can be used for the
teaching of proportional reasonibg using block modejsand(c) it is available for both
PCs and iPads.

Research Design

Reuvisitingthe first research question is appropriate at this timeyeneral, at
gains are made by grade six students when virtual manipulatives are used to teach certain
aspects of proportional reasonin@ains can be measured both quantitatively and

gualitatvely; the presence dfoth types of research approastvasincorporated into a
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mixed methodnodelfor this study A central premise of a mixed method appraach
that the combination of quantitative and qualitative approaches psaviaetter
understading of research problems than either approach alone (Creswell & Plano Clark,
2011). The simultaneous gathering afantitative and qualitative datecured
independentlygiven this approach to gatheritige researchata in this fashiorthis type
of mixed method research modetadled a convergent parallel design. Although
multiple reasons exist as to why a convergent parallel design is used, this regehyrch
appeatdto the concept of complementarity. According to HeBibeer (2010,
Acompl ementarity allows the researcher to
problem and/ or to cl ar i Adiagram gfthevcennergené s ear c h

parallel design for this research is shown in Fidifre
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Figure 16. Convergent Parallel Design.

As seen in Figur&6, the quantitative and qualitative components of this research

werekept sepate throughout thdata gathering portion of trstudy. The studywas

conducted ovetenschool days By allowing ten daysdr this dissertation research,

adequate timeccurredfor the componestof this research desigwfter the datavere

collectedand analyzed, findings from both branches of the medetsummarized

By gathering data using various methods, rdsearcher engaged in the process of

triangulation. Gay, Mills, and Airasian (2009) definet r i angul at i on

as

using multiple methods, data collection strategies, and data sources to obtain a more

complete picture of what is being studied (p 3 7Qualitative data sources included the

field notes written by the researcheamples of proportional reasoning tasks completed

~

nt
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by participantspre-instruction and posnstruction interviews withndividual target
students, and observations afget students during classroom instruction. Interviews
and classroom observations were video graphed using an iPad.

On a different level of meaning, the convergent parallel design implemented for
this studyis also called a triangulation mixed methodsige (Gay, Mills, & Airasian,
2009). By gathering both quantitative and qualitative data concurrently, the opportunity
for a deeper, more complete depiction of the development of proportional reasoning skills
emerged. Not only could growth be measureddoyparing results from a ptest to a
posttest, but the various levels of proportional reasoning were ascertained and evaluated.

In order to avoid any effect that might be introduced by Ms. Xanth with respect to
the development of proportional reasanskills, datecollectionoccurredat the time that
she would normally teach such skills to her students; typically, the proportional reasoning
topics are addressed during the fall semester. In additiostutientavho participated
in this researclwererandomlyselected from three of the four classmsght by Ms.
Xanth

Dissertation Procedures

Pre-Study Process

After the successful defense of the dissertation propibsaiesearchebtained
permission from the Internal Review Board (IRB) to conduct research pertinent to the
dissertation studySeeAppendix Afor a copy of the IRB approval letteAs part of this
approval, each parent/guardian signed a parental consengaftanwing their child to

participaein the study.Since the topic of proportional reasoning is part of the grade six
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mathematics curriculum, students could not choose to opt out of instruction; hoavever,
student could choose not to participate in the studynardhta were collected frormya
student whanade this choiceln the end, 56 students agreed to participate in the .study

Control and Treatment Groups

This dissertation research involved thr
students was designated asoatrol group. This control group completed the Mr.
Tall/Mr. Short task, the Egg Carton task, the Tree House task, the Sticks and Rhombi
task, and the Johndés School task to ascert

skills, implementing neitheechnology nor any virtual manipulativegdditionally, the

researcher reproduced word problems generated from the Thinking Blocks website for

participants in the control group complete while working only witpencil and paper.

Appendix E contains theord problems the control group completed during the first four

days of classroom instructioi. he ot her two c¢cl asses of Ms.

the treatment groups. The treatment group participants also completed the same tasks as

the control goup; however, these students worked with Thinking Blocks and Number
Pieces in order to develop proportional reasoning skéllsparticipants implemented a
block modeling strategy when answering proportional reasoning word problems,

regardless of assigrent to the control group or either treatment group.

For the treatment groups, classes were randomly assigned to work with a device

using one of the two technologyput modalities: iPads with touch technology or PCs
with mouse technology. This randomigasnent was made to the whole class in order to

avoid potential difficulties of participants changing technologies without notice. The
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control group and the treatment groups took the samtegrand postest; additionally,
participants in both groupsosked with the same five tasks in the same ordée
random assignment of classes as the control group or the treatment groups determined a
quaste x per i ment al research design; participan
classroom prior to the dissation research.

Dissertation Study Schedule

Tenschool daysvereallotted for the gathering of data for this study. Prior to the
work of the participants in the classroom settidg, Xanthadministeredhe pretestto
all of the participants. Based upon the results of thidgstethe researcher identified a
group of potential target students, using the mean score from titespte separate the
participants into two groups: those participants scoring aboveebeand those scoring
below the meanThe researcher based the selection of target studentauy@dance of
gender angberformance on the pitest,creating an equal number of male and female
target student s, recansmendatibas b \whsch stidents woaldffér h 6 s
a reasonable degree of conversation and explanation durimgehaews.

Each of the class periods ledsixty-six minutes; within this time, normal
classroom procedures ocpen, such as distributing papers and taking attewe. Also,
the distribution of iPads, calculators, and other materials rebadditional time as well.
After considering the time required to complete thesesoteom procedures, there
remainedapproximately fiftyfive minutes per class period forrpeipants to complete

thedissertation study workTable B shows the research study schedule for each day.
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Daily Schedule ofStudy Activities
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Day Study Activities
1 P:  Pretest administered
2 T, R: Preinstruction interview witiMlake a New Puzzle task
P:  Mr. Tall/Mr. Short task completed
P:  Introduction to Thinking Blocksutorial videos
P:  Thinking Blocks modulesompleted independently
R: Target students observed
3 P:  Thinking Blocks modulesompleted independently
R:  Target students observed
4 P:  Egg Carton taskompleted
P:  Thinking Blocks modulesompleted independently
R:  Target students observed
5 P:  Thinking Blocks modulesompleted independently
R:  Target studentsbserved
6 P: Tree House taskompleted
P: Orientation to Number Pieces
P: Number Pieces probleneempleted independently
R:  Target students observed
7 P: Number Pieces probleneempleted independently
R:  Target students observed
8 P: Sticks and Rhombi tastompleted
P: Number Pieces problene®mpleted independently
R:  Target students observed
9 P: Number Pieces problems completed independently
R:  Targetstudents observed
10 P: Johndés School task <co
P: Posttest administered

T, R: Postinstruction interview with Cocoa task

Note. P = Participants, T = Target Students, R = Researcher
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On a typical day of classroom instruction, Manth displayed review questions
for participants to answer at the start of claSsce the instruction concerning
proportional reasoning commenced, participaisesd the block modeling strategy to
answer proportional reasoning word problerRgurticipants in the two treatment groups
used Thinking Blocks for the first four days of classroom instruciogures 410
presented a sample problem from one of the modules. Participants workétimitier
Piecesthe second virtual manipulative in theeidy, duringhe last four days of
classroom instruction. Participants in the control group used pencil and paper to draw the
block models and answer the proportional reasoning word problerimg all eight days
of classroom instructian

On the days wén participants completed a performance thtk, Xanth
distributed the tasks and instructed the students to work individually. After giving
students time to complete the task, Ms. Xanth encouraged participants to share their
results with the rest of thdass. Next, participants participated in small group discussion
concerning their results for tasks. Finally, Ms. Xanth led the class in discussion
concerning the work generated by the participants on the tasks. Participants did not use
virtual manipuléiveswhile they completed the performance tasks.

Instruments and Data Sources

In order to collect data in this mixed method research detsigmesearcher
utilized both quantitative and qualitative toolsor the quantitative component, a
multiple-choice assessment instrumevasusedfor the pretest and postest Collection

of completed tasks from all the participants constituted a portion of the qualitative
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component In addition the researcharbserved and interviewexdset of six target
studensg individually as they completed two additional performance tagkdescription
of the researcher as an instrument of data collection is prokatkrdn this section
Quantitative Component

As part of the pilot study conducted prior to this study résearcher developed
two forms of a 28 multipkehoice question tesBased upon test results from the pilot
study,one formcontinued to be used as the-est/postestinstrumentfor the
dissertation studyThree mathematics education professioagi®ed to examine the
instrument in an effort to establish conte
confirmed acceptable test reliability for the instrument.

Content Validity. As reported previously concerning the pilot study, the higher
Cronlach alpha score and results from the item analyses supported the choice of Form A
over Form B for the préest/posttest instrument used in the dissertation studyan
effort to establish content validity of the pesst/ posttest instrument, the reseher
asked Subject Matter Experts (SMESs) to examine Form A to determine if each question
assessed proportional reasoning skills. Three SMEs responded to this examination
request: a middle school mathematics teacher/numeracy coach, a university faculty
member from a department of Mathematics with middle school mathematics experience,
and a veteran mathematics education faculty member from a college of education at a
different university. Percentages for interrater reliability were obtained by using ReCal
0.1 Alpha for 3+ Coders (Freelon, 2013). For this assessment, the three SMEs agreed

that 92.9% of the questions involved proportional reasoning skills. The two university
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faculty members agreed that 100% of the questions addressed proportional reasoning
skills, with the average pairwise percent agreement calculated as 95.2%. Appendix
contains the results of the examination of the mukmbleice questions by the SMEs.
Test Reliability. In Chapter Ill, the presentation of pilot study research
introduced two multiplechoice, 28question instruments that served as thet@seand
posttest for the study, labeled Form A and Form B. Appendix B contains these two
forms of the test used in the pilot study. The test results from these two forms indicated
that Form A had the higher reliability val
compared to Form B, U & 0.58. Further more
Experts (SMEs) and was found to possess content validity; for these reasons, Form A
served as the pitest and postest for the dissertation research. Although the same 28
multiple-choice questions appeared in the-fgst and postest, the order of the questions
changed from one assessment to the other. For thegtreising Crodbc h6s al pha,
results were found to be reli atebtegrealdo & 0. 7
found to be .rBaseduadnthemeasureséof réiabifitpand validity
obtained, Form A appeared to be an acceptable choice petest/postest instrument
for use in this dissertation study.
Qualitative Component
Although the primary research question this study, which addressegdins
made by grade six students, incorpatdieth quantitative and qualitative aspects, ohe
the research questions dung this research study appealedjualitative data in order to

obtain answersHow do grade six students who use virtual manipulatives differ from
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those grade six students who do not use virtual manipulatives when degelopi
proportional reasoning skills? In order to answer this question, a case study method with
a holisticmultiple-case design presenttieé best approach for gathering dfaitan the
selected target students. Also, participants answered a survey concerning experience
with touchscreen technology and preference for technology type. Additional qualitative
tools for this study included an observation protocol and an interview protocol.

Holistic Multiple -Case Design.According to Yin (2003), a multiptease design
provides evidence more compelling and robust as compared to acasgleesign. For
this study, thereverethree different classroom settings: the control group in aivadlt
instructional settinga treatmengroup in which students uséads to access virtual
manipulatives, and treatmengroup in which students uséaptop computers with a
mouseto access virtual manipulatives. Two students from each group codbresease
study members; thus, six individual case ssdombined to create the multiptase
design After completing the case study for each of the six target studeategearcher
evaluated the multiple cagelight of the development of propashal reasoning skills.
Each individual represented one unit of analysis; tthesdesign of the multiple case was
classified as holistic rather than embeddad.embedded design requires multiple units
of analysis.

The researchewvaspresent in the classroom as instruction oemin order to
observe work habits of students as they deez@poportional reasoning skills. In
addition, samples of student waslerecollected and analyzed for any patterns that might

haveemerge. Additionally, interviews withthe six target studentecurred These
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target studentwereselected after the ptestwasadministered and the results separated
into two groups: low scoringnd high scoring.

As stated earlier in this chapter, tasks fittva literaturocusingupon
proportional reasoning skillsereused as part of the qualitative aspect of the dissertation
research; particularly, tasks foundG@tassroom Activities for Making Sense of Fractions,
Ratios, and ProportionfMagone et al., 2I2) andTeaching Fractions and Ratios for
Understanding Lamon, 2012) . The Mr. Tall/ Mr. Sho
which were used in the pilot study conducted in December 204r@jncorporated into
the dissertation research materiagsearch study participants completed these tasks as
well.

Survey. On Day 1 of this study, participants completed a brief survey concerning
their experiences with touchscreen technology and preferencasnfputer use;
participants indicated their gender thie survey as well. The compiled results from this
survey provided the researcher the opportunity to determine if inexperience with the use
of touchscreen technology correlated with any difficulty in operating an iPad. tiéso,
results of the survey dhicated any aversion to the use of touchscreen technology.
AppendixG contains the survey instrument.

Observation protocol. As part of the observation protoctie researcher
focusedupon the engagement thie six target studenss they participatein class; for
instance, digharticipantswork with the block modeling strategy effectivelyAlso, did
participants exhibit understandinfmopational reasoning concepts or ditey exhibit

confusion with respect to this topic? If so, what type of priogual reasoning questions
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appeaedto confusethe participants? Additionally, a sketch of the room layzag
included. AppendixG shows the organization of the observation protocol.

Interview protocol. As part of the work with the six target studerits
researcher created an interview protocol used with thenpeiction completion of the
Make a New Puzzle task and the postruction completion of the Cocoa task. The
interview protocol was senrsitructured, allowing the target students to intevath the
researcher as needed. Apper@igontains the initial questions usedeiachinterview
protocol.
Researcher as Instrument

One characteristic of qualitative data gathering is that the researcheyaseave
key instrument (Creswell, 2007Yhus, the background and experiences of the researcher
influenced aspects of the study; for instance, the organization of the design, the gathering
of field notes, the structuring of interview questions, and the interpretation of the data
reflected the pri@ssional work history of the research&he researcher for this study
was a male with 30 years teaching experience in public education; within these 30 years
of teaching experience, he taught students various mathematics subjects at the high
school andindergraduate university level, including courses in an online setting. The
researcher served as an administrator for 10 years as well, currently hired as Director of
Middle School Instruction and Testing in a public school system.

The researcher earndttee degrees from atcredited university: a Badheo r 6 s
of Science in Mathematics, a Masterods of

Specialist in Curriculum and Instructioile successfully completed qualitative research
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coursework as part of trdoctoral program of study. In addition, the researcher analyzed
and coded qualitative data as part of a previous g@8aifyow, McCrory, & Blessing,
2013).

Data Analysis

After the datacollection the convergent parallel design imgorated for this
study dictatedhat the quantitative data and qualitative dsglept separate and analyzed
separately.Data analysesccurredn an appropriate manner and findiregaerged by
examining theesults of theanalyses.Fromthe researchérs p e r th@fmdingsi v e,
provided a sense of complementarity; that is, the qualitative findamggideda more
complete picture of the quantitative findings.
Quantitative Data Analysis

The statistical software package SPSS, version 20 provessdigtive statistics
of mean score, standard deviation, and standardferrtive pretest and postest results
Also, the use of a paireshmpleg-testallowed the researcher to check for statistical
significance with respect to the test resuls investigation of thenain effectsof
gender and technolggnput modalityoccurred in addition, interactioeffectbetween
gender and technolggnput modalitywasconsideredThe cal cul ati on of
alpha provided levels of reliability for test results

In order to consider the factor of technology use on the development of
proportional reasoning skills as measured by the change of scores from-lest psehe
posttest, the researcher used a-wreey ANCOVA with the pretest serving as the

covariate. As presented in Chapters | and Il, gender and technafgyy modality were
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factors considered in this research. Thereforex@ 2ANCOVA design was appropriate
for this setting, which allowed for investigating any main effect with respect to gender on
posttest scores, any main effect with respect to technelmgyt modality on postest
scores, and any interaction effect between gender and techiiopagymodality.
Qualitative Data Analysis

Since there are different sources of qualitative datasrdibsertation study, each
type of data requirkits own type of analysis. The tasks administered to all of the
participantsvereanalyzedwith respect tahe levels of development of proportional
reasoning as advanced by Karplus e(l#877)anddescribed in theonceptual
framework. The data obtained by observing and interviewing the six target students
constitutel a case study for each target student; thus, six individual case studiescemerge
Data from each casgeneratedlescriptions of swents at both low performance levels
and high performance levels for easftthecontroland treatment groups

The researcher employed content analysis to determine the various levels of
proportional reasoningsdemonstratedyy all participants for allive classroom tasks
Weber (1990) defined content analysis as a research method using a set of procedures to
make valid inferences from tex€Content analysis permitted the qualitative data to be
sorted and counted, which quantized the .d&tar this aady, the researcher followed the
example of Karplugt al. (1977)y classifying proportional reasoning into four
categories. Tabl20 gives a rubric illustrating the four categories and a description of

each category.
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While the four categories concergithe levels of proportional reasoning are
distinct and separate, the possibilityexidmda par t i c i pteataskicslack es pons
clarity with respect to classifying it in one category or the n&r instance, a
participant mayaveprovided a correct response with inadequate or incorrect
explanation. Whenever the researcher encountered a response of thisaatadsthe
choiceto placethe response in the lower category instead of the higher one. This
selection permitted the researadhey cat egori zation to err on t
avoid any perceived inflation of results to show more growth in the higher categories of

proportional reasoning development.
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Table20

Proportional Reasoning Rubric

Category Description (Khoury, 2002)
lllogical (1) No explanation is given. An
illogical computation, a guess, or ¢
general estimate is made on the
basis of observation.

Additive (A) The student focuses on the
difference between the
corresponding quantities, then
assumes thdhe same difference
exists between the other quantitie:

Transitional (Tr) The student uses an additive
approach that focuses on the
correspondence of the measures.’

Ratio | The student uses a constant ratio
relationship or makes a
multiplicative comparison of the

measures of both figures.
*The researber added this description: The student implements a multiplicative
approachunsuccessfully.

Using the labels as listed by Khoury (2002) to classify the levels of proportional
reasoning for each of the five tasks, the researcher engaged in the process of protocol
coding.As defined by Sald#& (2009), protocol coding is the collection and coding of
gualitative data according to a pestablished systenBoyatzis (as cited in Salfla,

2009) stated Athe wuse of prior data and re
means that the researcher acceptsandanot her
bi ases (yusingprdticdl coding, the researcher accepted the views advanced

in previous studies concerning the levels of proportional reasoning.
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While each ase stands independentiymultiple case study situation exists.
According to Stake (2006) , Aithe single cas
collection of c as spscifiqcharactedistiomnd beh®/iprs e x ami ni ng
commonalities emergehat describe the group represented by thig target studentsn
thisinstancethe groupf grade six students wiweredeveloping proportional reasoning
skills. By considering the individual case studies as a multiple tasg@otential
recognition ofthemes and erns concerninthesegrade six studentteveloped

Chapter Summary

The research goater this studyconcerredthe impact of the use of virtual
manipulatives when developing proportional reasoning skills in grade six stuaents
well as determining itherewasany main effect for gender on student gains or
technologyinput modality on student gains that ogear The study investigatecha
interaction effect for gender amelchnologyinput modality. In order to measure
potential growth, quantitativéatawerecollected in the form of a prest/posttest
design. The gathering of qualitative data includsallectingsamplef completed
performanceasks,observations of six target studeatslindividually interviewingthese
same target student$his study applied a mixed method approach due to the dual nature
of the data gatheringBecause of the concurrent gathering of dhselection o&
convergent parallel designodelallowedfor the qualitativeaspecto complementiata
fromthe quantiative aspectin keeping with the nature ofifhconvergent parallel

design, hese different typeof datawerekept separate untiletermination of findings.
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CHAPTER IV: RESULTS OF DATA ANALYSES
Introduction
As stated in Chapter I, the research gadlthis dissertatiowere (a)to measure
the i mpact of the wuse of wvirtual manipul at
proportional reasoning skitlgb) to investigate whether gender of students exhibits any
main effect when using virtual manipulatives to develop proportional reasoning skills; (c)
to investigate whether touch technology or maesénologyinput modality exhibits any
advantages ovehe other when using virtual manipulatives to developgrional
reasoning skills; an(t) to investigate whether gender @aadhnologyinput modality
expresses any interaction with each other when using virtual manipulatives to develop
proportional reasning skills. In order to accomplish these goals, the following research
guestionsvereconsidered:
1. In general, what gains are made by grade six studentswirigal
manipulativesare used to teadertain aspects of proportional reasoning?
2. What differerces exist with respect to gender when using virtual
manipulatives to teach proportional reasoningrede sixstudents?
3. What differences exist between students who use touch technology and those
who use mouse technology when studying proportional reagdni
4. What interactions exist between gender and technological input modality
when students use virtual manipulatives when studying proportional

reasoning?
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5. How do grade six students who use virtual manipulatives differ from those
grade six students who dotruse virtual manipulatives when developing
proportional reasoning skills?

Either quantitative data or qualitative data prodiddormation about the
participants and the impact of virtual manipulatives on their performance with respect to
the developmerof proportional reasoning skills; however, by considering both types of
data in a mixed method approach, the potentiahfeynergistic situation existeth light
of the convergent parallel design implemented for this reseawlits from quantitative
data analysis and qualitative data analyssepresentedo that a fuller, more complete
depictonof t he devel opment of the pawat i ci pant s
revealed In this chapter, background information comgeg the technology preparation
and preferences of the participants is presented; additionally, performance on past state
mandated mathematics assessments is shitereover quantitative data gathered
during the studwarepresented Finally, qualitatve data from thentiregroup of
classroonparticipants as well as the six target studengslisclosed
Survey Results

In order todetermingpar t i ci pant sé background in the
technology an@nypreference fotechnologyinput modality,a survey was administered
on the first day of the studgyior to theadministration of th@retest. The results from
the surveyconcerning experience witbuchscreen technology uaee shown in Table
21, while the resultendicatingpreference ofechnologyinput modality are shown in

Table22. With respect to touchscreen technology, 83.9% of the participants indicated
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that they had at least one year of experience using a touchscreen device outside of the
classroom Also,80.4% of participants ghicated that they prefer using an iPad over
otheravailableoptions

With respect to gender, the results from the survey were sinlesponses

indicated that 87.1% of theates reportedtheyhad at least one year experience with
touchscreen technologyhile 80.0% of female participants had at least one year
experience with touchscreen technology. The results from the survey pertaining to
technologyinput modality preference reveadsimilarities as well. For male participants,
80.6% indicated that #y preferred to use an iPad over other options. As for female

participants, 80.0% indicated that they preferred to use an iPad over other options.



Table21

Survey Results Showing Experience with Touchscreen Technology

Group Gender Never Less Between Between More

than l1and2 2and3 than
1yr yrs yrs 3 yrs
iPad Male 1 2 2 2
N=8
Female 2 3 3 3
N=11
Mouse Male 0 3 1 8
N=12
Female 3 0 1 3
N=7
Pencil Male 2 3 1 5
and N=1
Paper
Female 0 1 3 3
N=7
Total Male 3 8 4 15
N=31
Female 5 4 7 9
N =25
All 8 12 11 24

N =56
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Table22

Survey Results Showiiigchnologyinput Modality Preference

Group Gender iPad Computer No
with preference

mouse
iPad Male 5 3 0
N=8
Female 9 1 1
N=11
Mouse Male 12 0 0
N=12
Female 5 1 1
N=7
Pencil Male 8 3 0
and N=11
Paper
Female 6 0 1
N=7
Total Male 25 6 0
N=31
Female 20 2 3
N =25
All 45 8 3
N =56

The survey results reveal experiemoéthe participants with touchscreen
technology and preference for use of such technolétpwever, considering the
distribution of the survey results by group, ipresumedhat nocertainadvantage or

disadvantage occurred by tagsigninga classrom to a particular treatment group. No
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groupshowedhatits participantdacked experience in working with touchscreen
technology further, the majority of participants in all groups indicated a preference for
working with an iPad. As such, eithef thethree grade six classesuld have been
assigned as the control group or a treatment group.

Quantitative Results

As part of the mixed method design implemented for this resetudly a
guantitative data component exists. This section includes desespdtistics from a
pretest and postest administered to the participants.use of a pairedamplegs-test
allowed the researcher to check for statistical significance of the test réswdtidition,
aoneway ANCOVA on posttest results betweew®d groupsvas employegconsidering
the factor of technologysewith the pretest serving athecovariate. Finally, a 3 2
ANCOVA was employedconsideringhe factors otechnologyinput modality and
gender with the pr&est serving athecovariate. The results from these various
ANCOVA models are reporteidllowing the upcoming discussion of how the students
performed on the preest/posttest instruments
Descriptive Statistics

In order to measure participadts g r o wt h aptoportional tedsaning e t o
instruction a pretestand posttest were administered all three grade six classe$he
same test served as both the-fg® and postest but the order of questions was changed
from the pretest to the postest The testingnstrument was examined by SMEs and
found toexhibit content validity. Eactest comprised of 28 multiplehoice questions

was developedsing question banks from NAEPIMSS, and an online assessment
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containingratio and proportion questions. Chagtécontains details concerning the

testing instrument. Ae statistical package SPSS, versifnmas used to calculate the

descriptive statistickom the pretest and postest The resultdrom these assessments

appeain Table23.

Table23

Descriptive Statistics from PrEest/Pos{Test

PreTest PostTest

Category Mean Standard Standard Mean Standard Standard

Deviation  Error Deviation  Error
Whole 3897 16.02 2.14 45.54 18.39 2.46
Group
(n =56)
iPad 38.72 15.26 3.50 50.00 18.48 4.24
(n=19)
Mouse 40.98 16.25 3.73 47.37 17.57 4.03
(n=19)
Pencitand 37.10 17.20 4.05 38.89 18.25 4.30
Paper
(n=18)
Technology 39.85 15.59 2.53 48.68 17.84 2.89
(n = 38)

In order to use a paired samplest, the normality assumption for the

independent variables must be satisfied. Accordingly, the researcher performed a

Shapiro Wilk test for each independent variable. The results of the Shapiro Wilk test

indicated the independent variables were appnaily normally distributedFor all
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participants tested, the mean score increased 6.57 points from-tiestgethe postest.
Using a paired sampleest, this difference demonstrated statistical §icamce t(55) =
3.278,p<.005,Y 1@ .TWhen considering those students who us#uer iPad or
mouse technologgluring the research, the mean score increased 8.83 points from-the pre
test to the podtest. Using a paired sampheest, this difference also demonstrated
statistical significance(37)=3.617,p<.001Y 1@ @.¢Similarly, when the
different types of technologyinput modalityareconsideredeparatelythe mean score
increased 11.28 points for the iPad group and 6.39 points for the Mouse bising.a
onetailedt-test, mth of these differences demonstrated statistical significai@& =
3.120,p<.0LY ™ o [{Pad);t(18) =1.946p<.05'Y m1@& p (Mouse).As for
the PencHandPaper group, the difference in mean score from thégsteo the postest
increased 1.79 points; however, this difference did not demonstrate statistical
significance. Based upon these test results, the use of virtual manipdatupported the
development of proportional reasoning skiltswell as obetter than the use of pencil
and paper practice alone.

One-Way ANCOVA

In order to determine if the use of virtual manipulatidgemonstratedignificant
influencewhile participants worked to develop proportional reasoning skilés,
researcheemployed aneway ANCOVA on the postest results between two groups
using the prdest score as a covariat€he results from the equal slope assumption test
with respect to gnder and preest revealed a nesignificant resultF (1, 55) = 1.106p

>.05. Similarly, the results from the equal slope assumption test with respect to
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technologyinput modality and préest also revealed a naignificant resultF (1, 55) =
0.883,p > .05. These results granted the use of an ANCOVA taAstpreviouslyseen in
Table23, the group of participants that used virtual manipulatives in developing
proportional reasoning skills had a higher mean average on theeptmsimpared to
those prticipants who used pencil and pagewever the results from the ongay
ANCOVA indicated the difference between the ptest mearscoref the two groups
wasnot statistically significant. It was noted that the difference between thé¢gsost
meanscores for the virtual manipulative group and the control group approached
statistical significancéQ pfv 0 o Y 8ruvhy 1@ o.v
3 x 2 ANCOVA

To conduct comparison between the control group and the two treatment, groups
a 3x 2 ANCOVA modelwasemployedo determinenyeffecttechnologyinput
modalityand gendemight haveuponthe posttest scorgspecifically,technologyinput
modality (iPad, Mouse, Pen@hdPaper) and gender serve as the main effects with the
pretest acting as the covatéa As stated previously, the results of the equal slope
assumption test justified the use of the ANCOVA t8sible24 provides the results from
the 3x 2 ANCOVA process.When comparing the pestst mean scorfer the three
groups with respect to gender, there is no consistent pattern of performance. For the iPad
group, malegMean = 59.82had a higher mean score than femé@san = 42.86)
however, for the PenedndPaper group and Mouse group, femgMean = 42.35,

PencitandPaper; Mean = 51.53, Moudegd a higher mean score than mélean =
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36.69, PenciandPaper; Mean = 44.94, Mouse). There was no significant interaction
effect between gender and technolaggut modality.

Focusing uporhe posttest mean score for each group, both treatment groups had

a higher average than the control group (iPad, mean score = 50.00; Mouse, mean score =
47.37; PenctandPaper, mean score = 38.8%)/hen applying a Bonferroni adjustment,
the difference betweendhmean scores for the iPad group and PamdiPaper group
did not demonstratstatistical significangesimilarly, the difference between the mean
scores for the Mouse group and PeacittPaper groumlsodid notdemonstrate
statistical significanceAlso, the difference between the mean scores for the treatment
groups did not demonstrate statistical significar@mall sample size could be a

contributing factor for the nesignificance.



Table24

Technologyinput Modality and GendePostTest Results

Group Gender Mean Standard Standard
Deviation Error
iPad Male 59.82 21.91 7.75
N=8
Female 42.86 12.06 3.64
N=11
Total 50.00 18.48 4.24
N =19
Mouse Male 44.94 16.22 4.68
N=12
Female 51.53 20.29 7.67
N=7
Total 47.37 17.57 4.03
N =19
Pencit Male 36.69 15.90 4.79
and N=11
Paper
Female 42.35 22.34 8.44
N=7
Total 38.89 18.25 4.30
N =18
Total Male 45.85 19.39 3.48
N=31
Female 45.14 17.46 3.49
N =25
All 45.54 18.39 2.46

N = 56
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Based upon thquantitative data presented, the following findings emerged:

1 The use of Thinking Blocks and Number Pieces supported the development of
proportional reasoning skilss well as obetter than the use of pencil and paper
alone;

1 Neither gender nor technologyput modalityuse appeared as a factor of
statistical significance; and,

1 No interaction effect between gender and technelogyt modalityuse appeared
as a factor of statistical significance.

Qualitative Results

In an effort to provide complementarif§@reene, Caracelli, & Graham, 1989;
HesseBiber, 2010,0nwuegbuzie & Leech, 200&) the quantitative results of this
research, a mixed method approach required a qualitative component. The convergent
parallel design implemented for this research allothedyathering of quantitative and
gualitative datasimultaneouslyafterward, the examination of thotypes of data provide
the potential for a more complete description of the development of proportional
reasoning skills and the impact that the use fial manipulatives had on such
development. In this section, theresoltf t he gr ade si Xivefasks t i ci pa
are reported in levels of developmaerith respect to proportional reasoninglso, six
individual casestudies of target students who were tracked during the research are
presented. Finally, a multiplgaseanalysisn which the six target students are

considered in various groupings is considered.
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Proportional Reasoning Tasks

During the ten daysf datacollectionfor this study, five proportional reasoning
tasks found in the literature weaissigned t@articipants to complet@uring regular class
time. Presented in the order listatiese tasks wetgled: (1) Mr. Tall/Mr. Short; @) Egg
Carton; B) Tree House;4) Sticks and Rhombi; an®dX J o h n 6 As pfsehted il
the conceptual framework for this study in Chapters | and Il, proportional reasoning is
considered to be developed in levelhie fourcategorieseflecting such development
are: @) lllogical; (b) Additive; (¢ Transitional; and (d) Ratio. Responses to the questions
in each task were ged into these four categories. Although there were 56 participants
in this study, the number of responses for eachvaskd slightly from theparticipant
countdue to the absence of various participants throughout the ten days of data
collection.

1) Mr. Tall/Mr. Short t ask. On Day 2 of the research schedule, participants
completed the Mr. Tall/Mr. Shotask. Participantgead abouthe height of Mr.Shortas
measuredh buttons and paper clip€onsideringhesemeasureghe task informed
studentsaboutthe height of Mr. Tall in buttons and askb@mto determine the hght of
Mr. Tall in paper clips. Figure7lshows asampleof a conpleted task.Usingthe
responsand explanation provided by each participant, the level of proportional
reasoning developmentas determined. Results by group and gender are reported in

Table?25.
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Study Student Number ( £6 A

s is Ade. Shovt

The length of Mr. Short is 4 large buttons.
The length of Mr. Tall (not drawn) is 6 large buttons.

When paper clips are used to measure Mr. Short and Mr. Tall, the length of Mr. Short is 6 paper
clips. What is the length of Mr. Tall in paper clips? o Q?&I;{P o= cl.ps

Please EXPLAIN how you arrived at your answer. | ﬁd() e A Q— tg 6 M (

Hhat Mac e 3

Figure 17. Sample of Mr. Tall/Mr. Short task.
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Table25

Results from Mr. Tall/Mr. Shoifask

Group  Gender lllogical Additive Transitional Ratio Total

iPad Male 1 6 0 1 8
N=8
Female 1 8 1 0 10
N=11

Mouse Male 0 10 1 0 11
N=12
Female 1 5 0 0 6
N=7

Pencil Male 2 5 1 0 8

and N=11

Paper
Female 2 5 0 0 7
N=7

Total Male 3 21 2 1 27
N=31
Female 4 18 1 0 23
N =25
All 7 39 3 1 50
N =56

An examination of the results in Tat#g indicates that approximatel\8% of the
participantsvho completed the Mr. Tall/Mr. Short taskhibited an additive approach in
completing the Mr. Tall/Mr. Short taskRiVhen considering results by gender, the
percentage of participants exhibiting an additive approach is similar to each other and to

all participants: 8.3% of femalsand77.8% of male gaveresponses at the additive
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level of proportional reasoning dewpiment. Only one student of theD¥articipants
who completed the Mr. Tall/Mr. Short taglve a response that indicated they were
working at the Ratio level of proportional reasoniffiggure B presents the work sample

of Mr. Tall/Mr. Short at the Ratitevel.

Study Student Number ] 0 2 ] @

s iz M. Shovt

The length of Mr. Short is 4 large buttons.
The length of Mr. Tall (not drawn) is 6 large buttons.

When paper clips are used to measure Mr. Short and Mr. Tall, the length of Mr. Short is 6 paper
clips. What is the length of Mr. Tall in paper clips? ‘1 ﬁ‘}'(‘( ] ps

Please EXPLAIN how you arrived at your answer. )
N r oy ; hae J2 Y f ijons AN @ // r € ey “; Fheyt

Figure 18. Mr. Tall/Mr. Short work sample at ratio level
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2) Egg Cartontask. On Day 4 of the research schedule, participeoispleted
the Egg Cartomask. In this task, a pictuod Carton Aindicated this carton contained
four brown eggand two white eggs;gsticipantshadto color the eggs in two larger
cartons called Cartons B and @) such a way that the proportion of brown to white eggs
from Carton Aremained Carton B contained 12 eggs and Carton C contained 18 eggs.
Figurel1l9 showsa sampleompleted Egg Carton task the Transitional levelBased
upon the respons@&®m the 55 participants who completed the taks&levels of

proportional reasoning demonstratatthe Egg Cartomask are shown in TabRs.
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Study Student Number Q— / / )/

-

The Bi-Color Egg company has just hired you to fill egg cartons with brown and
white eggs. The cartons come in different sizes, and your job is to fill every carton
sa that the numbers of brown eggs and white eggs are in the same proportions as
they are in carton A, Color the eggs n cartons B and C,

‘eoe |leoeo o
o O OIS GO O
C’@@@D@
Ole e o
eoeleoe

Figure 19. Sample of Egg Cartotask
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Table26

Results from Egg Carton Task

Group  Gender lllogical Additive Transitional Ratio Total

iPad Male 1 0 2 5 8
N=8
Female 5 0 6 0 11
N=11

Mouse Male 3 0 3 6 12
N=12
Female 1 0 1 5 7
N=7

Pencil Male 1 0 4 5 10

and N=11

Paper
Female 4 0 2 1 7
N=7

Total Male 5 0 9 16 30
N=31
Female 10 0 9 6 25
N =25
All 15 0 18 22 55
N =56

There is aistinct differencesvident inthe responses collected frahre Mr.
Tall/Mr. Shorttaskandthe Egg Cartotask: no participant gave a response that
exhibited an additive approach in completing the Egg Cdaigln Upon reflection, the
structure of the Egg Cartdask did not lend itself to supporg an additive approach as

readily as the Mr. Tall/Mr. Shotask. However, the visual nature of the Egg Catdsk
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revealed participant thinking concerning ratio and position of the eggs within the carton.
Participants who attempted to preserve botimt andarrangemendf eggs within a
carton revealed a transitional approach to completing the Egg Gaston

The studentsvorkedwith a block modehg approach for two days prior to
completingthe Egg Cartomask; thereforelMs. Xanth asked them toalw a block model
to represent the problem fooloring the brown eggs @arton B. At that point, another
unique featureegardingthe Egg Cartotask manifested: the visual approach for the Egg
Cartontask and the visual approach for block modetiagned toconflict with each
other for several participants. Instead of drawing a block model to represent the ratio of
brown eggs to white eggs, participants attempteddoaw the setting from Carton B.
Figure20 presents a sample of the Egg Carton ths&trating this visual conflict; this

picture also provides a sample of the task at the Ratio level.
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Study Student Numbera& K

The Bi-Color Egg company has just hired you to fill egg carons with brown and
white eggs. The cartons come in different sizes, and yout job is to fill every carton
sar that the numbers of brown eggs and white eggs are in the same proportions 28
they are in carton A, Color the eggs in cartons B and C,

‘eoe tleoeleloes

5 aislalSIS e
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Figure 20. Visual conflict in Egg Cartortask
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3) Tree Housetask. On Day 6 of the research schedule, participaotspleted
theTree Housdask. This task provide@ drawing of a tree house, ladder, and two
people. One person in the tree house invites the person standing avutiek tgrclimb
thetowerladder and declares thiats 10 feet tall; howeverhe person on the grod
insists that the ladder must be taller than 10 feet, since the person on the ground is six feet
tall. Participantgalculatedhe height of the ladder based upon the information provided.
Figure21 contains a sample afcompleted Tree House taakthe Ratio level For the
54 participants who completed thessk, the levels of proportional reasonarg given in

Table27.
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Study Student Number 2 I ,7 ﬂ

Based upon the information provided in the drawing, how tall is the ladder? Show your work to support

your answer. N, _ (A 7 s
AL oI ) olepS 60
r45e8 71

PpER) 5021

6 _ Q:»i@ St r\ ] ?LM—“-‘{ 10E3
IEAX &

Figure 21. Sample of Tree Houdask
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Results from Tree House Task

144

Group  Gender lllogical Additive Transitional Ratio Total

iPad Male 3 0 3 2 8
N=8
Female 8 0 2 1 11
N=11

Mouse Male 7 0 2 2 11
N=12
Female 2 0 3 1 6
N=7

Pencil Male 6 0 2 2 10

and N=11

Paper
Female 5 0 1 1 7
N=7

Total Male 16 0 7 6 29
N=31
Female 15 0 6 3 24
N =25
All 31 0 13 9 53
N =56

More than half of th@articipantsappliedan illogical approach for the Tree

Housetask; with respect to gender, 55.2% of males and 60% of females used an illogical

approach to complete this taslk the control group, 60% of males and 71.4% of females

used an illogical approach; 52.6% of males and 55.6% of females in the treatment groups

completed the task with an illogical approadthe statement concerning the ladder being
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10 feet tall seemet interfere withhow participants approached solvithgs task.
Participants who simply took the statementrath without any further calculation or
consideration of the evidence provided in the &asllenced an illogical approach.
Figure22 shows an example of n e s t wordk with thié iogical approach to the

Tree House task.



146

Study Student Number \\ l _,l’—’_‘

o b
- .4 - =1,
s |
. i1l
»»»»»
ME:
Based upon the information prov1ded in the drawing, how tall is the ladder? Show your work to support

S ST

0 Menc \%@\Nx@\\ jY\'\Qw o
WM\\ \F \ “A\

Figure 22. lllogical response to Tree Houtask

4) Sticks and Rhombitask. On Day 8 of the research schedule, participants
completedhe Sticks and Rhomitask. In this task, a pattern concerning the number of

sticks and number of rhombi built from the sticks is established. Particgdrtsded



147
the pattern and witea statementlescribinghe relationship between the number of
sticks and the number of nmdi. Figure23 presents a sample of the Sticks and Rhombi
taskat the Ratio level Due to absenceenly 52 participants submitted work for this

task. The results from the Sticks and Rhortdskaregiven in Table28.

Study StudentNumberB_;LA (//Z qﬁ = | <>

On Day 1, Jim uses four sticks to build the following shape

On Day 2, Jim uses more sticks and builds this shape: %
On Day 3, Jim uses even more sticks and builds this shape: = | .C/\ D

If Jim were to continue building shapes from sticks in the same way, draw a picture of the
shape Jim would build on Day 6.

Now, write a statement that describes the relationship between the number of sticks that Jim uses
and the number of rhombi that Jim builds.

1040

Figure 23. Sample of Sticks an@hombi task
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Table28

Results from Sticks and Rhombi Task

Group  Gender lllogical Additive Transitional Ratio Total

iPad Male 2 0 0 6 8
N=8
Female 8 0 1 1 10
N=11

Mouse Male 4 0 3 5 12
N=12
Female O 0 1 5 6
N=7

Pencil Male 3 0 4 4 11

and N=11

Paper
Female 1 0 2 2 5
N=7

Total Male 9 0 7 15 31
N=31
Female 9 0 4 8 21
N =25
All 18 0 11 23 52
N =56

The results from Tabl28 indicatel that participantslid not employan additive
approacho complete the Sticks and Rhontésk however, some participants
demonstrated work #he higher levels of a transitiorgbproach or a ratio approachm
fact, 65.4% of participants demonstrated work on the Sticks and Rhombi task at the

transitional level or ratio level. Consideriggnder, 71.0% of males and 57.1% of



149
females demonstrated work at the transitional level or ratio level on this task.
Participants whose responses indicated an illogical approach appeared to be confused by
the directions for the task. Instead of writengtatement that related the number of sticks
to the number of rhombi, those participants related the number of days to the number of
rhombi or the number of days to the number of stigksample of the Sticks and

Rhombi task demonstrating work at tledical level appears in Figu.
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Study Student Number || _

On Day 1, Jim uses four sticks to build the following shape: :

~ On Day 2, Jim uses more sticks and builds this shape: OO
On Day 3, Jim uses even more sticks and builds this shape: OOO

If Jim were to continue building shapes from sticks in the same way, draw a picture of the

T
14

Now, write a statement that describes the relationship between the number of sticks that Jim uses
and the number of thombi that Jim builds. H Y S :
[ p | CHur e

1 s s b & )
NiorMand s 1> W hat (Qt,:a/v'-* dr L

AT 13, & ke /-“#
/

\/\/‘ L'\ S ]w‘ P ® "
% AL/ /C | ( \ s
/ / + | /€ }\ e W/ ou Id Al qw ¢

d;‘*”\qftc{-, '

Figure 24. Sticks and Rhombask at lllogicalevel
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5)J o h n 6 s taSkc @ndayl 10 of the research schedule, participants
compl et ed t htask.JToihtask rad tBaphAr@uedtions 1 and both
involving measuring a classroom space or a garden gjzateg short sticks and long
sticks for the units of measur®&ased upon the measurements provided, participants
determined a missing quantity. Question 1 involveihéegratvalueratio of short sticks
to long sticks, whereas Question 2 involva@tonalvalueratio of short sticks to long
sticks. Figure25i | | ustrates a compl et endvhichthenpl e of
responses to both questions demonstrated worle &akio level Table29 reports the

results for Question 1, while TalB® gives the results for Question 2.
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Study Student Number i / [ 2

John's School

John used short and long sticks to measure his mathematics classroom. He drew these pictures:

T

15 long sticks ? shogt sticks

l l

4 20 long sticks ——p 4— 60 short sticks ——p

1. What is the width of the room in short sticks? L”' If

2. Explain how you found your answer. ;LO X 3 = 40 jd
| gxd= 42

John used a different set of short and long sticks to measure his school’s garden. He drew these pictures:

P RSe

50 long sticks 125 short sticks
30 long sticks \ 75 short sticks \
4— 40 long sticks —p 4—— ?short sticks ——

3. What is the length of the base of the garden measured in short sticks? 1 00«

4. Explain how you found your answer. é;(({(} Sv /VZ/'}- /:‘ ﬁVﬂ = 1’5—
to X 5 =10

Figure 5. Sampl e of Jaskhnds School
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Table29
ResultstomJ ohnds School Task, Question 1.

Group  Gender lllogical Additive Transitional Ratio Total

iPad Male 2 2 0 4 8
N=8
Female 1 3 2 5 11
N=11

Mouse Male 5 3 1 3 12
N=12
Female 2 1 0 4 7
N=7

Pencil Male 2 5 0 4 11

and N=11

Paper
Female 1 0 4 2 7
N=7

Total Male 9 10 1 11 31
N=31
Female 4 4 6 11 25
N =25
All 13 14 7 22 56
N =56

For the participants in the control group, 33.3% of the students produced work for

Question 1 at the Ratio level, while 42.1% of participants in the treatmentsgisop

demonstrated work at the Ratio level. Additionally, 36.4% of males and 28.6% of

females in the control group exhibited work at the Ratio levereas 35% of males and
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50% of females in the treatment groups completed Question 1 at the RatidcSeyab

clear pattern of performance at the Ratio level with respect to gender appeared.

Table30
Results from Johnds School Task, Question

Group  Gender lllogical Additive Transitional Ratio Total

iPad Male 1 4 1 2 8
N=8
Female 2 5 2 2 11
N=11

Mouse Male 6 3 3 0 12
N=12
Female 1 3 1 2 7
N=7

Pencil Male 2 6 0 3 11

and N=11

Paper
Female 2 2 0 3 7
N=7

Total Male 9 13 4 5 31
N =31
Female 5 10 3 7 25
N =25
All 14 23 7 12 56
N =56

For the participants in the control group, 33.3% of the students produced work for

Question 2 at the Ratio level, which is the same percentage of at the Ratio level for
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Question 1 with this group. However, only 15.8% of participants in the treatmepsgrou
also demonstrated work at the Ratio level. Additionally, 27.3% of males and 42.9% of
females in the control group exhibited work at the Ratio level whereas 10% of males and
22.2% of females in the treatment groups completed Quekstibthe Ratio leve So,a
higher percentage of participants in the control group performed at the Ratio level as
compared to the treatment groups; also, a higher percentage of females in both the control
group and treatment groups demonstrated work at the Ratio levelcatmgrared to the
male participants

Comparing the results from Tabl29 and30 revealsmore participants appeared
to employ an additive approach when using a ratigahleratio as opposed to usiran
integratvalueratio. This occurrence can be attributed to participants reverting to a
familiar strategyof an additive approaciithen faced with more challenging situatioms
a proportional reasoning settingarticipantappear taecognize a praptional situation
when wing an integraValueratio; however, the appearance of a ratiorsilieratioin a
proportional reasoning situatiseemed to confounghrticipants whavereexpectingo
use a multiple to find the missing valuEigure26 gives an example of a student
empl oying additive reasoning i n,yetthenpl eti ng

student used a ratio approach in completing Question 1
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Study Student Number !O 2.

John's School

John used short and long sticks to measure his mathematics classroom. He drew these pictures:

4 20long sticks —p 4—— 60 short sticks ——p

15 long sticks # shogt sticks

1. What is the width of the room in short sticks? /&

Heus@l Ho Shery SWcks

2. Explain how you found your answer. \J\B\\ 20 X3 = 76 Sa Yoo O,O \6)(-3: q 5

John used a different set of short and long sticks to measure his school’s garden. He drew these pictures:

T 50 long sticks T 125 short sticks

30 long sticks \ 75 short sticks \
4— 40long sticks ———p 4— 1shortsticks —p j

3. What is the length of the base of the garden measured in short sticks? g 6

4. Explain how you found your answer.

T odder 4% 4 44

Figure 6. Additivereasoninggp pr oach on Johnds School, Que:
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Comparison of Groupswithin the Tasks

Theresults from the various tasks reported in TaBe80 provided datafor all
participants as a wholé;is appropriatéo examinethe resultsn relation tothe control
group(pencil and papernd the two treatment grouffBadgroupand mousgroup.
Additionally, performance by gender within each grpupvidesanother lens to look at
datafor each task By consideringhe performance by task for each group and gender
within each grouppatterns by group and gendgpeared Although theactualnumbes
of participants at each level of proportional reasomirggeported in Table&5-30, the
percentageof participants at each levate presentenh this section.Results for each
taskarereported by treatment group as well as gender within eaatntent group.
Treatment Groups

Quantitative data gathered during this study supports the premise that all groups
experienced growth as evidenced through mean soatée pretest and postest.
However, an inspection of the qualitative data as expressed through the performance
tasksprovides additional information that supplements the results obtained by testing
Tables 31-33 displaythe percentageof participantsvhose work suggested performance

at each level of proportional reasoning by treatment group.
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Table31

iPad Group and Proportional Reasoning_evels byTask(percentages)

Group Task lllogical Additive Transitional Ratio
iPad Mr. Tall/Mr. 11.1 77.8 5.6 5.6
Short
Male 12.5 75 0 12.5
Female 10 80 10 0
Egg Carton 31.6 0 42.1 26.3
Male 12.5 0 25 62.5
Female 45.5 0 545 0
Tree House 57.9 0 26.3 15.8
Male 375 0 375 25
Female 72.7 0 18.2 9.1
Sticks/Rhombi  55.6 0 5.6 38.9
Male 25 0 0 75
Female 80 0 10 10
Johnos 15.8 26.3 105 47.4
Q1
Male 25 25 0 50
Female 9.1 27.3 18.2 45.5
Johnos 15.8 47.4 15.8 21.1
Q2
Male 12.5 50 12.5 25

Female 18.2 455 18.2 18.2
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Table32

MouseGroup and Proportional Reasoning_evels byTask(percentages)

Group Task lllogical Additive Transitional Ratio
Mouse Mr. Tall/Mr. 59 88.2 5.9 0
Short
Male 0 90.9 9.1 0
Female 16.7 83.3 0 0
Egg Carton 21.1 0 21.1 57.9
Male 25 0 25 50
Female 14.3 0 14.3 71.4
Tree House 52.9 0 29.4 17.6
Male 63.6 0 18.2 18.2
Female 33.3 0 50 16.7
StickdRhombi 22.2 0 22.2 55.6
Male 33.3 0 25 41.7
Female 0 0 16.7 83.3
Johnos 36.8 21.1 53 36.8
Q1
Male 41.7 25 8.3 25
Female 28.6 14.3 0 57.1
Johnos 36.8 31.6 21.1 10.5
Q2
Male 50 25 25 0

Female 14.3 42 .9 14.3 28.6




Table33

No TechnologyGroup and Proportional Reasoning_evels bylask(percentages)

Group Task lllogical Additive Transitional Ratio
Pencil Mr. Tall/Mr. 26.7 66.7 6.7 0
and Short
Paper

Male 25 62.5 12.5 0
Female 28.6 71.4 0 0
Egg Carton 29.4 0 35.3 35.3

Male 10 0 40 50
Female 57.1 0 28.6 14.3
Tree House 64.7 0 17.6 17.6
Male 60 0 20 20
Female 71.4 0 14.3 14.3
Sticks/Rhombi 25 0 375 375
Male 27.3 0 36.4 36.4
Female 20 0 40 40
Johnos 16.7 27.8 22.2 33.3
Q1
Male 18.2 455 0 36.4
Female 14.3 0 57.1 28.6
Johnos 22.2 44.4 0 33.3
Q2
Male 18.2 545 0 27.3

Female 28.6 28.6 0 42.9

160
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A closeinspection of the data reveasmeconsistencies whicbouldgenerate a
pattern. With respect to the groups, the Mr. Tall/Mr. Short task was completed prior to
instruction; ®, nopattern from this task is attributable to growth due to devetop of
proportional reasoning skills. Since tthesign inherent in thEgg Carton, Tree House,
and Sticks and Rhombi tas#tid notlend to usingan additive approach, the low
percentages gfarticipants classified at the Additive levet these taskshould notbe
attributed to an increased development of proportional reasoning skills.
When focusing upon gendierthe three groupghere were tasks in which males
demonstrated a higher pentage using a ratio approach than females, susiftlaa the
iPad group. However, in the Mouse group, females demonstrated a higher percentage
using a ratio approach than males in completing the tasttsthe exception of the Tree
House task In thePencil and Paper group, males seemed to have a higher percentage
using a ratio approach in the earlier tasks while the females appeared to have a higher
percentage using a ratio approach in the later tasks.
Although the percentages vary from group to grawp consistent pattem
emergedrom this data
1 the percentage of participamtemonstrating the use afratio approach
increased from thérst task to the last task; and,
1 inlight of the participants who implemented an additive approach on the
last task, a lower percentage of participarstisd an additive approach on

Question 1 of Johndés School t ask

as
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The first point is particularly relevanthe intent of desloping proportional reasoning
skills in grade six studenisfluencedthis study.

Even thougtparticipants demonstratgglowth with respect to the use of a ratio
approach across the five tasks, this growth waslmatysconsistent from task to task;
which is to say, growth in the ratio approach did not steadily increase from the first task
to the | ast task. On the two questions fr
of participants implementing an additive approach on Question 2 as compared to
Question Isupported the findings from other researchers in the literature concerning
proportional reasoning problems involvingr-integralratios(Karplus, Karplus, &
Wollman, 1974; Pulos, Karplus, & Stage, 1981; de la Cruz, 2013; Singh, 2000; Tjoe & de
la Torre, 2014)

Individual Case Studies

As part of the mixed method approach used for this study, six target students
comprised a focus group, with the intent of studying their work on two additional
performance tasksThe mean score of the prestadministered at the beginning of this
study allowed the researcher to separate participants into two categmangsipants
who scored above the mean score and participants who scored below the mean score. In
cooperabn with Ms. Xanththe researcheselected one student fromach ofthe control
and two treatment grouas peithe two categories generated by the mean sdéeace,
three male participants and three female participants were sel&iddg regular class
instruction, video recordingf éhe classroom with a focus on t& target students

occurred With the observation protocat mind, video recordings focusing upon the six
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target students provided opportunity to study their work habisspreserve
confidentialityof the participats, the researcher supplipdeudonyms for each target
student.

In addition to the five tasks completed by the 56 participants, the six target
students completed two additional tagksheir preinstruction and posnstruction
interviews Make a New Pzele and CocoaAppendix D contains these two additional
tasks. Studentsompleted thé/lake a New Puzzleask prior to any work with the
Thinking Blocks virtual manipulative or any block modeling strateglye tasknvolved
increasing side lengths froaset of puzzle piecealready cut out by the researcher and
provided to each target student during the interviewsyder todetermine the side
lengths ofa larger puzzle with the same shagehe original. Figure7shows the

completed work on Make a New Puzzle task by a target student.
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Fill in the measures on the sides of the puzzle pieces so that the 4 cm length is enlarged to 7 cm.
Show your work on enlarging the side lengths.

9 3
9 7 5
A
1 c
10
- E 5
4 F
5
/cm | Secm %

T added dcm To mahe the
H become o/ add d/d Thad
Same thing to the other

numbp efrs.

Figure 2Z7. Sample of Make a New Puzzkesk
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Thetarget students completed t@ecoataskat the conclusion of the studsfter
working with both Thinking Blocks and dimber Pieces virtual manipulatives for the two
treatment groups and peneaihdpaperpracticewith the block modeling strategy for the
control group.On the Cocogask, Thermos A and Thermos B both contain cocoa. A
description of the strength of tiseocolate tastéor the cocoas given. For each of four
problems in the task, either cocoa mix or hot water is added to one or both of the
thermoses. The student must then decide which thermos has the stronger chocolate taste

and explain their resporseFigure 38 presents a sample atompleted Cocoa task.
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Cocoa

1. Thermos A contains cocoa with a stronger chocolate taste. If one scoop of cocoa mix is added to Thermos A
and one cup of hot water is added to Thermos B, which thermos contains the cocoa with the stronger chocolate

taste? Explain your answer.

1 Anow + od’ i h(rmosﬂ ho.s 165960((#

it h /C ture, b hermaos

}’1 h gfdu EO! ‘g'}(}* SC e i iy fﬁrrfOLdmL‘g ci{ﬁ,{{(a >;Jg

more’Choclate o the Mix and water
&qrofadofmg noré&’Choclate +o

2. Thermos A and Thermos F ntain cocoa that tastes the same. If one scoop of cocoa mix is added to both
Thermos A and Thermos B, which thermos contains the cocoa with the stronger chocolate taste? Explain your
answer.

Thermos B

Th((rﬂ(‘bB wou}d have a stronge C:‘» 0C
cavse i1 has )65\5 Watecand choclate rn

1(
'J‘*QZ*H(((IMH The Sceoop of choclate wovld Speed
a(oumi Mo(¢ mThc(n )>iq k((aU”cJ( cte ;J:Y:O(C
Here 15 1655 COCC)O\S)O
bq u{d/r‘d More the foste becon\eo S5 STCONG

Ha

LCocohe 1N Ti e mo> u

Figure 28. Sample of Cocotask
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The six target studentgere intervieved separatelyas they completed both tasks;
as they performed the two taskise researcher videotaptte work of the target students
andrecordedhe dialogue.AppendiceH andl contain the transcripts of the interviews
recordedvhile conpleting these two tasksS t u d ectiohss cdmnaents, and work were
analyzed in order to determine amyergingpaterns or trendsDescriptiondollow of
all six target students, whose pseudonyms are Alice, Alan, CandyBetsl, and Bob
Alice

Background information. At the time of the study, Alican11-year old female
member of thePadgroup scored below the mean score on thetpet. With respect to
the statemandated mathematics assessment, Alice scored Advanced as a grade five
student. According to the responses to the technology use and preference survey, she had
onet wo Yy e a rneedvorkng with touckscreen devices; in fact, Aliedicated that
she preferso work with an iPad.

Pre-instruction interview. For the Make a New Puzziask, Alicewas one of
two target students wisuccessfully assemblélde original puzzle pieces io a square
Beforedoing sq Alice asked if she had to use all of the puzzle pieces; she was the only
target student who askedsglparticular questionlin calculating the measures of the new
square puzzle, Alice used an additive approach to compketagk additionally, she
counted by three on her fingers to deterntivechange from dmto 7cm. When given
the new set of puzzle piecesflecting her calculated measursse attempted to
assemble the pieces into a new square. However, Alice edliesitancy and

confusion when she was unable to form the squéfieen aske@bout the situatign
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Alice repliediét he pi eces dondét make a sqgalsre anymi
she worked this task, Alice confirmed that the measures of théesigas of the puzzle
pieceswreaccur ate; she didnét attempt to attri
pieces tany flaw in measurement of the new puzzle pie¢egure29 depicts Alice
attempting to assemble thew puzzle pieces into a squandile Figure30 gives a

sample of Aliceds work on the Make a New P

Figure 29. Alice assemblingnew puzzlepieces
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|

Student Study Number "

Fill in the measures on the sides of the puzzle pieces so that the 4 cm length is enlarged to 7 cm.
Show your work on enlarging the side lengths.

Figure30. Al i everloos Make a New Puzztask.

Classroom work with virtual manipulatives. During classroom instruction,
Alice tended to work independently from other participants. When Ms. Xanth directed
students to work in their table groups, Alice followed directions; however, she

contributed little to group discussions. Alice did not elgyere difficulty in working
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with the virtual manipulatives during classroom instructi®me completed the modules
on the Thinking Blocks website; with respect to the problems assigned for use with the
Number Pieces website, she completed seven out aofytyweoblems.
Mr. Tall/Mr. Short task (1). Alice used an additive approach to contglthe
Mr . Tall/ Mr. Short task. Her result of 8
explanation provided as to how she found her answer supported this classifizatien.
work, Alicefirstf or mul at ed a r ul e based udonheirdornMtion Tal | 0
provided in the problem, then she applied the rule for specific values. On her paper,
Alice sketched the height of Mr. Tall in buttons and used the visual relationship to

establish her addition rulézigure3ls h o ws Al i c e 0 sTalldMr.rSkortask. t he M
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s s Ade. Shovl:

The length of Mr. Short is 4 large buttons.
The length of Mr. Tall (not drawn) is 6 large buttons.

When paper clips are used to measure Mr. Short and Mr, Tall, the length of Mr. Short is 6 paper
clips. What is the length of Mr. Tall in paper clips? % pﬂ \"D(o(_ ( | \")Q

Please EXPLAIN how you arrived at your answer

%ou AR ‘ﬁ\w e bvare tall

M S X4 oed m
\(\\ \n‘m X\\wa\eq\(\%\m (P(\\(L,\'ﬁrrw 3

y Gaanee pe +ol G &o\\qu\\v b@
{hapec thps b\,

Figure3l. Al i everldos Mr. Tall/Mr. Shortask

171
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Egg Carton task (2). Alice correctly colored the number of brown eggs for each
carton on the Egg Carton task; however, she attempted to maintain the physical
arrangement of brown eggs and white eggs from Carton A as she completed coloring
eggs in Cartons B and C. This effotmaintain the physical arrangement indicated
Alice perceived a connection between the ratio of brown eggs to white eggs and their
| ocation in the cartons. Based upon her w
proportional reasoning to be at tinansitional level.Figure32di spl ays Al i ceds

the Egg Carton task.

Study Student Number‘ [ V -

|

The Bi-Color Egg company has just hired you to fill egg cartons with brown and
wihite eges, The cartons come in different sizes, and your job i to fill every carton
so that the numbers of brown eggs and white eggs are 1n the same proportions as
they are in carton A, Color the eggs i cartons B and C,

‘ece ‘e c’::ai»a ® O
- e -® Ol e o
‘|l olee ol
- e @% =
®cece e

Figure32. Al i oeverlbos the Egg Cartorask
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Tree House task (3).Alice did not find the correct height of the ladder on the
Tree House task. Despite identifyiag e | at i onshi p between the m;
number of steps on the ladder (6 feet = 8 steps), she did not apply this information in
calculating the height of the ladder. Also, Alice appeared to miscount the number of
steps, which interfered with herlcalations. As a result of her calculations, Alice
exhibited work at the illogical level for this taskigure33c ont ai ns Al i ceds w

Tree House task.

( 4 \l L
Study Student Number/| [ {

Based upon the information provided in the drawing, how tall is the ladder? Show your work to support

your answer.

[~
L~ 4 — \
\\ [ ) T PC4 = T\ ¢

b ¢

Figure33. Al i everloos the Tree Houdask
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Sticks and Rhombi task (4).Alice correctly answered the questions on the
Sticks and Rhombi task. Her sketch of the figure for Day 6 showed a set of connected
rhombi. In addition, Alice statethe relationship between the number of rhombi and the
number of sticks used to buildetithombi. When Alice used her ratio to determine the
number of sticks used to build six rhombi, she changed the order of comparison;
however, this change of order was not required to answer the question. Further, Alice
wrote a proportion and solvedthep por ti on correctl y. Al i cebo
the level of proportional reasoning at the ratio le\@gure34s hows Al i ceb6s wor

the Sticks and Rhombi task.
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’

Study Student Number M /Q /

On Day 1, Jim uses four sticks to build the following shape: :

On Day 2, Jim uses more sticks and builds this shape: OO
On Day 3, Jim uses even more sticks and builds this shape: OO<>

If Jim were to continue building shapes from sticks in the same way, draw a picture of the
shape Jim would build on Day 6.

Now, write a statement that describes the relationship between the number of sticks that Jim uses
and the number of rhombi that Jim builds. = o

EM\ &NJ‘(\\ s A combi And m\-fr-\)\ //\\% m)
G0 Yhe cokt 15 4y Gethe rave Fae 845 e,

A=k §
=2\
A=\

Figure34. Al i everldos the Sticks and Rhomtaisk
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J o h ®dhaol task (5).For this task, Alice correctly answered question 1,
demonstrating work at the ratio level; however, her work on question 2 reverted back to
an additive approach in order to find the missing side len@ice did not provide any
written explanation as to how she found the missing side lengths for each question. For
question 1, her work indicated she identified the scale factor and used multiplication to
find the missing side length. Instead of maintaining this multiplicative approach on
guestion 2, Alice decided to implement an additive appro&dting an incorrect value
in her addition equation. The presence of ainbegral value in question 2 seemed to
affect Aliceds choice of an addohi yYehappro

School task is found iRigure35.
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*Student Number “ /‘

John's School

John used short and long sticks to measure his mathematics classroom. He drew these pictures:

4— 20 long sticks ——p 4—— 60 short sticks ———p

15 long sticks ? short sticks

1. What is the width of the room in short sticks?
2. Explain how you found your answer. \ . \/X f

PR3~ Q)O 17

John used a different set of short and long sticks to measure his school’s garden. He drew these pictures:

125 short sticks

3. What is the length of the base of the garden measured in short sticks?

45

4. Explain how you found your answer.

MY =7R
U 5 =15

Figure . Al i ovebls on Jotaisk6s School
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Postinstruction interview. Completing the Cocoa task at the end of classroom

instruction Alice identifiedthe correct thermos Witthe stronger chocolate taste twice
out of the four problems presented.gurestion 1she gave a response that indicated a
senseopr oportional reasoning when she said it
more because the more water you add, theerthe particles move aroundflso, when
asked if technology would have been of assistance to her in completing the Cocoa Task,
Al i c e Notnattealy beBausefthetaskld o esnd6t gi ve dgeou | i ke &
correct use of academic vocabulanggestsaan understanding of the terrkigures &

and¥provide Aliceds work from the Cocoa tas
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Study Student Number \( / {

Cocoa

1. Thermos A contains cocoa with a stronger chocolate taste. If one scoop of cocoa mix is added to Thermos A
and one cup of hot water is added to Thermos B, which thermos contains the cocoa with the stronger chocolate

taste? Explain your answer.

Thermos A Thermos B
\ 1 T ; a

A
|
\
TN P
,\/}/K ‘.\/ \ {

[
Uy

ﬂmem\oaf\ \r\ W Skrg
N S P

T(\ T Ne/ (g \, J(*\‘\ ( k \( ’1( L ( «\\r\
RN [CAN, : Ciyadd\ejd\toboth Ly 17(’

(o ¢

A(@RACY
2. Thermos A and Thermos B contain cocoa that tastes the same. If one scoop of cocoa m
Thermos A and Thermos B, which thermos contains the cocoa with the stronger chocolate taste? Explain your

Thermos B % e .. Y
\ ¢ i \ G
3

Thermos A
| ( &
\ ; \( g e AR

A\rner D

answer.

Figure 3. Al i overlbom Cocodask, page 1.
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3. Thermos A contains cocoa with a weaker chocolate taste. If one scoop of cocoa mix is added to both Thermos
A and Thermos B, which thermos contains the cocoa with the stronger chocolate taste? Explain your answer.

E &

Thermos A ThermosB
r.\
TVFH\G K’ \ﬁ) Oareolr +1 .?* v
T_/\ fv \‘*'\ ( l Ly L, \-1\/ O/ ; ;o
n The Qs 4 0 ( Gies m\L Mermas o
4. Thermos B. contains cocoa with a stronger chocolate taste. If one scoop of cocoa mix is added to Thermos A

and one cup of hot water is added to Thermos B. which thermos contains the cocoa with the stronger chocolate
taste? Explain your answer.

T\(\Vn \ \J\k , ( N “Y\("/ \A \ { f\“ﬁ
e e W ‘%l P V J e \ %\\ ik 7
ine wgfe Xne ParH ICNG MENE W 0

Figure 37. Al i everloos Cocodask, page 2.
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Summary. Alice tended to work independently on class work during the
instructional time. When given opportunity to collaborate with others, she seemed
reluctant to speak out and contribute her thoughts or work to her table dxioegodid
not indicate she enaoatered difficulty working with Thinking Blocks or Number Pieces.
Whil e completing the five tasks wused in th
various levels of proportional reasoning; there was no perceived pattern of progression.
Alan

Background information. At the time of the study, Alaan 1tyear old male
member of theéPadgroup scored above the mean score on thet@se With respect to
the statemandated mathematics assessment, Alan scored Advanced as a grade five
student. Acording tohis responsesnthe technology use and preference survey, he had
morethant hr ee year so6 experi ence jusblikekAlice,g wi t h t
Alan preferedto work with an iPad.

Pre-instruction interview. For the Make a New Puzziask, Alan askedvhether
the square would have a hole in itvdfietherthe piecesnust connegthe was the only
target student to askiiguestion concerning the puzzle. While measuring the puzzle
pieces, Alarcommentedi | t 6 s not e x.aEdwévgr,he dcknowledgedsthatt | o s e
the measuresf the original puzzle piecasgere accurate enough to form the square. To
calculate the side lengths of the new puzzle pieces, Alan used an additive approach.
When Alan attempted to assemble the new set of pyeetes into a square, he appeared
hesitant and confused. When asked abustsituation Al an st ated fAél mi

putting them wrong, but | don @&thoughAlank t hey
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experienced difficulty in trying to assemble thew puzzle pieces into a square, he did
not attempt tdolame higdifficulty on any defecwith the puzzle piecedrigure38

provides Alandés work on the Make a New Puz

Student Study Number / 0 o

Fill in the measures on the sides of the puzzle pieces so that the 4 cm length is enlarged to 7 cm.
Show your work on enlarging the side lengths.

C’? G/ b
A B b
Tem
T C
%Cfn
7C/v) '_5 < |

i, //C/ILCJ 'f'é(;f f:’(;/‘(/,' f ’MC’" //'*"r'“//f(“’//‘ o gart i 4

- J
; /l:/ G#gE §

iy

4

are he ) NG a (’///"/ bl (// /9 / s

Figure 3. Al a wadkon Make a New Puzztask.
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Classroom work with virtual manipulatives. At the onset of classroom
instruction, Al aperatsct theadditiveilenetlaf prapdrteoral h e
reasoning. In fact, during classroom discussion on Day 2, Alan presented his explanation
to the class as to why an adit reasoning approach should be used to find the height of
Mr. Tall for the Mr. Tall/Mr. Short taskHowever, Alan started working with the
Thinking Blocks virtual manipulative and completed the required modules ahead of most
of the class; as a resultlah began working on additional modules in the Thinking
Blocks website.

When working with the Number Pieces website, Adgpeared to implement the
block modeling strategy fro the Thinking Blocks website as he completed the assigned
problems. Figur89s hows Al ands work from the first
Not only did Alan use the block modeling strategy, he also set up and solved proportions.
In fact, on problem 4 in Figui@9, Alan used a table in answering the question. This use
of different approaches when solving proportional reasoning problems irctiidate

developed proportional reasoning skills and operated at the ratio level.

F
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Student Study Number | (} )

Ans,wér the following questions.

and solve for the missing quantity:

1) Andrew and Ericka shared some trading cards in the ratio of 5:3. If Ericka has 36 tradmg
cards, how many trading cards does Andrew have?

S /2 =60 .’L\V/”L”iﬁ;j/_,,éd / /\ /ﬁ/ ‘\'Z
A 71T iz /2 S<24= /a0
A= ,76 - " (6 ¥
NRES) /> [2 /J;\ —
"“I £ 7 b

2) Mario sells newspapers and magazines at his newsstand. For every 2 newspapers that
Mario sells, he sells 7 magazines. If he sells 56 newspapers, how many magazines did he

sell? / -
Nz 54 =23 s @ 32
M 7 M\ 1\ = 3 = v///,",_, -

5 //Dﬁ f/—‘ T’f/’,\ /7d/r7i ' & X /ﬁ)

3) The ratio of the height of a rectangle to its width is 3:2. If the height of the rectangle is 27
centimeters, what is its width?

€ ) / / R | 74
e B
4) Greer walked from a hlkmg trail at the rate of 4 miles per hour. At that rate, how many
L
I m bh /
B ks SRRSO o S
g, - 7 ] gt

Figure39. Al a wadkdrom Number Pieceassignment.
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Mr. Tall/Mr. Short task (1). As Alan conpleted the Mr. Tall/ Mr. Short task, he
demonstrated work at the additive reasoning level. His response of 8 paper clips for the
height of Mr. Tall, along with his explanation as to how he arrived at this answer,
supported work at the additive level. Alaolunteered to share his explanation with the
class concerning the height of Mr. Tall; however, after Ms. Xanth directed the
participants to discuss their answers with their group, Alan changed his mretftog
the height of Mrrinerduangthe a s K6 & n Bappertedtblsce o p a
the one participant in the study who solved the Mr. Tall/Mr. Short task correctly.
Apparently, this student convinced Alan that Mr. Tall was 9 paper clips Addlo, Alan
developed a table that expregske unit rate between the buttons and paper clips used in
the task; he was the only student during the study that implemented a table approach to
find the height of Mr. Tall. Figure40and4ls how Al ands wor k on t

Short task.

he



Study Student Number 00

Frus is Ade. Short

The length of Mr. Short is 4 large buttons.
The length of Mr. Tall (not drawn) is 6 large buttons.

When paper clips are used to measure Mr. Short and Mr. Tall, the length of Mr. Short is 6 paper
clips. What is the length of Mr. Tall in paper clips? ba P ég D&l

Please EXPLAIN how you arrived at your answer.

T jel/ e Hhat when /Z/,/f/mff/;‘ /e/‘f/‘/'
yﬂ(’/r‘ 7[/‘0/7 (/

66{%‘7‘04; ‘/‘0 6 /54/0(0/ C//f/ /0
/0 U
/

Wil add +Fuwo to 4

) (/T//j//’(l/ //(,’ /’//17(
[:XC(M/)/e .' // ’

b buttons % 7

v /“(Oqjo,f,.-,f”nf‘,' % /Da/) (S /,"/); 7”‘4//

Figure40. A | a wadkon Mr. Tall/Mr. Shortask.
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€ N a
A 0’/5 Cye /."// -

Figure4l. Al a raldesaftergroupdiscussion.

Egg Carton task (2). Alan completed the Egg Carton task correctly, coloring the
brown eggs for Cartons B and C; however, he also replicated the contents of Carton B
when trying to express a block model for the situation. As part of his work on this task,
Alan expressed a ratifor each carton. In addition, he recognized the equivalence
between the ratios for Cartons A and B. Finally, Alan also stated an overall comparison
between the total number of brown eggs and the total number of white eggs. All of this
work supportedAands rati o approdddihspgloays hAlsan@s kw

the Egg Carton task.
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Study Student Number l{ 2(2 R

The Bi-Color Egg company has just hired you to fill egg cartons with broml and
white eges, The cartons come in different sizes, and your job is to fill every carton
so that the numbers of brown cggs and white eggs are in the same proportions as
they are in carton A, Color the eggs in cartons B and C,

'eole Pleooleeee
@ ® O Ol@|O|/O|@| O
‘lelelemiolo

eaelee oo

@eee oo ’

g ular A 7;2;&'7/ | {of e ]

Doz)g)og o @%J 0/
00000 0¢§§7

Figure 42. Awoek nrnoEgig Cartotask.



189
Tree House task (3).Alan completed the Tree House task and correctly
determined the height of the ladder. Hisrkvimdicated he disregarded information
provided in the task that did not contribute pertinent data. Although he appeared to have
a false start with counting the number of
understanding of the relationship betweenrtmber of rungs on the ladder and the
height of the man on the ground. In light of the partitioning and building of values to

find the height of the ladder, Alan appeared to be operating at the transitional level of

proportional reasoning for this taskigure43di s pl ays Al ands wor k on

task.
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Study Student Number } UD , (

Based upon the information provided in the drawing, how tall is the ladder? Show your work to support
your answer.

Figure43. A | a wadkon Tree Houstask.
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Sticks and Rhombi task (4).For this task, Alan drew the shape for Day 6
correctly; in addition, his statement relating the number of sticks to the number of rhombi
accurately described the relationship. In his work, Alan expressed ratios in two different
forms: using a colon andsimg a fraction. Further, Alan provided the specific ratio
which represented the shape constructed on Day 6. Fidgwrén o ws Al ands wor Kk

Sticks and Rhombi task.

Study Student Number ’ 20 @ L/

On Day 1, Jim uses four sticks to build the following shape: :

On Day 2, Jim uses more sticks and builds this shape: %
On Day 3, Jim uses even more sticks and builds this shape: 0 0 o

If Jim were to continue building shapes from sticks in the same way, draw a picture of the

shape Jim would build on Day 6. /

Now, write a statement that describes the relationship between the number of sticks that Jim uses
and the number of rhombi that Jim builds.

The 1 i o
ratig 51 ‘/,l/ 20
;‘/ chicks L M
[ o Y Y
{ T e — ;
\ shspes ( 6 K= L7
Yo = 2 te rako pyw LY 6

Figure 4. Al a waddkon Sticks and Rhombask.
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Johndos Sc h @motto takiagstie postds), Alan answered both
guestions for Johndés School task correctly
incorporated a visual approach with the block modeling strategy studied during
classroom instruction. He identified the gckdctor used to enlarge the values from one
shape to another for each questiyrusing division anthbeled the unit valur a
single block. For question 1, Alan used a proportion to solve for the missing side length,
but he choose to express his workquestion 2 by multiplying the unit value with the
lengths of the sides measured in long sticks to find the missing length in short sticks.
Unlike hiswork on the Tree House task, Alan did not employ a partitioning approach to
find the missing side lggths. The answers provided for each question, along with the
supporting work, indicated Alan functioned at the ratio level for this task. FH&ure

gives Alandés work on the Johnds School tas
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Study Student Number 100

John's School

John used short and long sticks to measure his mathematics classroom. He drew these pictures:

4= 20 long sticks =P 4 60 short sticks ——p

/ U s 3 lerIstidu ?short sticks
o | fC
W

W 10 40
1.vmansmewidmo'fiﬁer§om Te 7{;
900

2. Explain how you found your answer.
-

, i 5 ]
o Yiu diwd Lo b/ 20 yov gef 559 thee [ou dp 15 57 4 gef
John used a different set of short and long sticks to measure his school’s garden. He drew these pictures:

,Q/’Tj(di B /C

c: 7 2.5 - 7
T 50 long sticks kw17 A0 K
30 long sticks 75 short sticks . _

l \ l \ L/O“\f"/OO

4— 40long sticks —p — 1shortsticks —p

3. What is the length of the base of the garden measured in short sticks?

4. Explain how you found your answer.

L Koww 4l 125 2552 and TLepoeted thgrs 15 o
/men , 0 Wa2.£5leg o, oy

Figure 4. Avwoa kb son Jotask.06s School
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Postinstruction interview. While completinghe Cocodask, Alan answered

three out of the four questions correctly. For the fourth problem, he recognized
something differenbccurred Alan asked if only one thermos was the answer or could
both thermses be the answer. Although he recogaithe difference, Alan did not
answer question four correctlypuring the task, Alan commented on the relative strength
and weakness of the cocoa, which indidate understanding of the ratio between the
cocoamxand the water. For instance, Al an st a
will have a stronger taste because the chocolate mixed with the cocoa just means more
chocolate. It will have more stronger taste than just adding a cup of hot véater
quesion2 Al an commented Al believe that Therm
scoop of cocoa will have less room to cover than in Thermo&¥hen asked if
technology could have helped him in completing the Coaslg, Alan indicated
technology could beehl pf ul , but he didndét know how to
technol ogy since he c¢oul dwiththesdquestonsa Hemo d e |
further described thesmnditionsas thefiarithmetic of a problem. Figures46 and47

show Al andés work on the Cocoa task.



Study Student Number j_Q_O_

Cocoa

1. Thermos A contains cocoa with a stronger chocolate taste. If one scoop of cocoa mix is added to Thermos A
and one cup of hot water is added to Thermos B, which thermos contains the cocoa with the stronger chocolate

taste? Explain your answer.

Thermos A Thermos B

J

7 : !
T pelive Thermos A
On€ f'c'ao/ﬂ of cocoa (h il Am/(’ A
add a <ap of hot .afels
2. Thermos A and Thermos B contain cocoa that tastes the same. If one scoop of cocoa mix is added to both
Thermos A and Thermos B, which thermos contains the cocoa with the stronger chocolate taste? Explain your

answer.

I be Stropger becaus® i+ youa
ctronses tuste fhea

" . 'l ermsB
£ pelive M Therrss B will be stoiger peoss

Fie SCoopf of  cocon V‘/;// AM@ /6/()' /90 fv  Cover ftéad

(1 Thermgs A,

Figure 4. Aviokk nnoCocodask, page 1.
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Figure 47. Avoekk nnCocodask, page 2.



























































































































































































































































































































































































































































































































































































































