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ABSTRACT

This study sought to examine the impact of instructional use of smart peoltagy on the
mathematics achievement and attitudes of community college studesitsceim a College Algebra
course. This quasi-experimental, mixed-methods study utilized a nonequoaiéal-group design. In
this study, two sections of College Algebra were analyzed with one seetidgmgsas a treatment group
which had access to an online archival of smart pen documents. The otloer Sareed as a control
group which had access to an online archival of digital documents which did edrhaxt pen
capabilities. The first hypothesis sought to analyze the effect pethen students’ mathematics
achievement. Pretest and posttest data were collected from stindawtis sections. Using an ANCOVA

test,results indicated that there was no significant difference in mean maiteachievement
scores by instructor’s use of the smart pen as an instructional aid when canfoolretest
scores.

The second hypothesis examined the number of times students viewed the online
documents. The online communication platform collected data regarding how otten eac
document was accessed by the students. Using a one-way chi square tesindesatied there
was no significant difference in the distribution of student views of online course ydtes b
existence of smart pen documents for instructional use.

The third research question investigated student attitudes regarding niatbenas
guestion was explored qualitatively using participant interviews from each d¢Jeing an
interview protocol, the researcher questioned students about their attitudess tatlae matics,

mathematics self-efficacy, use of the online documents, and satisfadticth@course.



Responses of the interviews indicated that participants from each group feslehdwiews of
how the documents should be utilized. Students from the treatment group also seemed to be more
satisfied with their understanding attained in the course.
Findings indicated that the instructor’s use of smart pen technology did not sigthyfic
impact student achievement or attitudes. This lack of significance couldibatatt to the low
number of students who actually accessed the documents. The findings indicagsl tfee ne

further research regarding the effects of smart pen technology.
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CHAPTER 1: INTRODUCTION
Introduction

International comparisons have given United States mathematics edceasedor
growing concern. These comparisons have indicated disturbing statisticingdhe
mathematics performance of U.S. students when compared with students from othexscdantr
the Third International Mathematics and Science Study (TIMSS), U.Snssuddourth grade
scored below eight other countries, including Hong Kong, Singapore, and Chingsie Tali
(National Center for Educational Statistics [NCES], 2009). According te#me report, U.S.
students in eighth grade scored below five of the other participating couNtaesalarming are
the results of the Program for International Student Achievement (PI1&&)pfiogram, which
evaluates mathematics literacy, indicated that American 15-yeareoidsddower than the
average of participating countries in the Organization for Economic Cooperation and
Development (OECD). Students in 23 of the 29 OECD participating countries outperfdrgéed
students, placing U.S. students in the bottom quarter of countries who took part in this study
(NCES, 2009). These statistics indicate a need for change in mathemati¢®adocader to
increase student achievement in the United States.

In The Teaching Gastigler and Hiebert (1999) noted that one of the biggest obstacles
facing American educators is their lack of strategy for improvingidasn instruction. There
have been studies, however, that have shown a positive relationship between the use of

technology and student attitudes in the classroom (Chen & Howard, 2010; Ku, Harter, Liu,



Thompson, & Cheng, 2007; Lee & Chen, 2010). Research also has shown a significant link
between student attitudes and achievement in the mathematics classrooee &ighomas,
1999; Ma & Kishor, 1997; Muis 2004). Therefore, the implementation of technology in the
mathematics classroom holds the potential for increasing student achmtveme

ThePrinciples and Standards for School Mathemagidational Council of Teachers of
Mathematics [NCTM], 2000) presents a positive and compelling argument for tbé use
technology in the mathematics classroom. The authors of this document statechti@oty is
essential in mathematics education. Furthermore, they noted that technofisggthdénts learn
and aids teachers by supporting effective instruction. The use of technology, hdwesveot
always been supported by other groups, such as the National Mathematics Adsiselry
(National Mathematics Advisory Panel [NMAP], 2008). This panel of experts reeadwed that
computers be used in the mathematics classroom for drill practice and ths¢ thlecomputer
programming be considered as an effective tool for elementary students. §¥#lith t@
calculators, however, the panel gave no recommendation for their use in theoole@$SMAP,
2008). Because of their restrictive use of scientific research, the NMAHigkonhly one study
in the past twenty years as scientific and rigorous enough to be considetesrfor t
recommendations regarding the use of calculators in the classroom. Bassimgndemn this
research is therefore problematic as the introduction of handheld graphiresutds made
calculators more accessible in the past twenty years.

According to Hiebert (2003), conclusions regarding the use of calculators in the
classroom are difficult to make because it is hard to isolate the effeadtafators from other

factors surrounding its implementation, such as the instructor and the curricul@spdnse to



these issues, Hiebert stated the answer to whether calculators should be usddsartc
will not be answered with a single study about their effects on students’ undergtade noted
that to make a confident recommendation for the implementation of calculators in the
mathematics classroom, it will take the analysis of trends found from matigsst

This idea can be transferred to any type of technology used in the mathematics
classroom. Research on technology in the mathematics classroom has pnwaitilsd three
tools, namely the graphing calculator, dynamic geometry software, angliter algebra
systems (CAS) (Ellington, 2006; Hong, Thomas, & Kiernan, 2000; Isiksal & Askar, 2005).
Research surrounding these tools has shown that the use of technology has a gesttme ef
student attitudes. This research also indicated that the use of these technololgicaes not
hinder and often improves student achievement scores. As Hiebert (2003) pointed obgsedata
of several reliable studies with similar results is needed to make a stcmrgmendation for the
use of any technological tool in the classroom.

While a variety of technologies have been used in mathematics education, the
introduction of the smart pen for commercial use has given educators the oppootunity f
implementation of a new technology in the classroom. Because of its rdeaserdittle
research has been conducted to examine the effectiveness of the smart pentinetinatica
classroom. Research regarding this new tool will provide valuable informatiodrfoniatrators
and mathematics educators to draw on when making instructional decisionsngtfaedi
implementation of this new technology.

Statement of the Problem
Among the research regarding technology, none has been conducted about the use of the

smart pen in the mathematics classroom. The potential reason for this islabkiktyaiThe



smart pen was only released for commercial use in 2008. This has given reseasitierfrom
those endorsed by the manufacturer, little time to perform and publish research on its
effectiveness. The problem addressed by this study was this lack of resgarcing the
impact of instructional use of the smart pen on student achievement and attitudes in the
mathematics classroom.
Purpose

The purpose of this mixed-methods, quasi-experimental study was to examimedbe i
of the smart pen as an instructional aid. Specifically, it investigatadpisct on community
college students’ mathematical achievement in the classroom and attitwded mathematics.

Research Questions and Hypotheses

The research questions analyzed in this study were as follows:

1. Do achievement scores of College Algebra students in a community coltegg se
whose instructor utilizes smart pen technology differ significantly fromlasi students
whose instructor does not utilize smart pen technology?

2. Is there a significant difference in the frequency of student views of onlinsecnates
between class sections with and without smart pen documents available?

3. What attitudes are characteristic of students in classrooms with and withowttorss
use of the smart pen?

The first two research questions were used to formulate null hypotheses wrech we
analyzed quantitatively. The null hypotheses were as follows:
Hypothesis 1

There will be no significant difference in mean mathematics achievemeas spor

instructor’s use of the smart pen as an instructional aid when controlling fest [meEtees.



Hypothesis 2

There will be no significant difference in the distribution of student views of online
course notes by the existence of smart pen documents for instructional use.

Definitions

The following terms are defined to clarify their meaning within the scogaostudy.
Smart Pen

This device has been marketed under several other pseudonyms. In this study, the smart
pen device is that tool which records the user’s pen strokes and simultaneouslythecords
accompanying user’s audio. This combination of visual and audio recording is captusaty digi
and can be saved and edited on a computer platform for later use. In this study, tHernmgtruc
be the user of the smart pen, recording lectures and examples eledyramdalosting them for
students’ personal use within an internet-based class information system.
Mathematics Achievement

Mathematics achievement will be referred to as a student’s abilityftaripeprocedures
successfully on the type of traditional skills-based mathematics ass#s®quired to complete
the course successfully.
Student Attitudes

Student attitudes will be defined as students’ general disposition toward the sitibjec
mathematics, their feelings of self-efficacy in performing mathemlgtrocedures, and their
opinions towards their instructor’s use of resources in the duration of the course.
Instructor

The instructor is defined to be the teacher of the course selected by the mdtnoinief

the school. In this study, the instructor has been using the smart pen device as@ioiredtaid



for one year prior to the study. The instructor is the designer and prepadieziettaonic
resources available to the students.
Significance

The authors of thBrinciples and Standards for School Mathematizded, “Technology
is essential in teaching and learning mathematics; it influences themmstics that is taught and
enhances students’ learning” (NCTM, 2000, p. 24). Studies have shown that the use of
technology in the classroom has positively impacted student achievement(Bi@wreson,
Lunzer, Tymms, Taylor Fitz-Gibbon, & Restorick, 2004; Weiss, Kramarski, & Talis, 2006)
addition, most educators agree that student attitudes affect their achievethe classroom
(Higbee & Thomas, 1999; Ma & Kishor, 1997; Muis 2004). Yet many national organizations
still call for more research on the effects of technology, such as calsulatbe classroom
(NMAP, 2008; National Research Council, 2001). Clearly, research is needed to supply
administrators and instructors with information to make instructional decisioms ahatssroom.
Therefore, measuring the impact of the smart pen on student achievementuaaheisatiof
interest to those seeking to identify and support students’ need for success ithémaaties
classroom.

Chapter Summary

There is a national need for improving mathematics education. Technology holds the
potential for significantly improving student attitudes and achievement. The purgbse a
significance of this study was to provide quality research for educators ito msé&ing
instructional decisions regarding digital pen technology. The following chapeides a review
of the literature surrounding the use of the smart pen as well as the use téathetogical

tools in the classroom.



CHAPTER II: LITERAURE REVIEW
Introduction

Due to studies noting U.S. students’ poor mathematics achievement, theredd¢@ nee
investigate the effectiveness of smart pen technology and its possible pogiast on student
attitudes and achievement. Student attitudes have been shown to impact studezrnachiev
the classroom (Higbee & Thomas, 1999; Ma & Kishor, 1997; Muis 2004). In turn, the use of
technology has been linked to positive student attitudes in the mathematicsocta@Shen &
Howard, 2010; Ku et al., 2007; Lee & Chen, 2010). Therefore, technology has the potential to
impact student achievement in the mathematics classroom.

Notably absent from the body of instructional technology research is the steihadf
pen technology. The potential reason for this absence is its recent releaseotartiercial
market. This study investigated the impact of instructional use of the smavh®tudent
achievement and attitudes regarding mathematics.

This chapter provides a summary of the perspectives of national organizationsise the
of technology in the mathematics classroom. Additionally, it provides a revitdwve tiferature
on technological tools commonly used in the mathematics classroom. Finedlgtains a
summary of the current research on smart pen technology and how it is being used.

Summary of National Perspectives on Technology in the Mathematics Classroom

Many national educational organizations have published standards for the ideal use of

technology in the mathematics classroom. Each organization has sought to make



recommendations on the use of technology to optimize student learning. The following
paragraphs will describe the perspectives of the National Council of Teathéathematics
[NCTM], Association of Mathematics Teacher Educators [AMTE], ma&onal Society for
Technology in Education [ISTE], and the National Mathematics Advisory PaneAfM
NCTM

In 2000, the National Council of Teachers of Mathematics established six psraple
provide a vision for school mathematics in the classroom. One of these principkbe was
Technology Principle which stated, “Technology is essential in teachthipaming
mathematics; it influences the mathematics that is taught and enhtut=gs learning”
(NCTM, 2000, p. 24). The authors stated that the presence of technology affects what
mathematics is taught, how mathematics is taught, and when mathematugghtsn the
classroom. They explained that technology not only affects the complexitgtefiah that can
be taught in the classroom, but also affects the placement of that matérakcurriculum. In
addition, the authors stated that technology enhances the mathematicsatgtitithrough
explorations with multiple representations (NCTM, 2000). They explained that teghriblars
some of the artificial separations among topics in algebra, geometry, arahdtsis” allowing
students to make connections (p. 26). As previously stated, this influences the coraplkxity
placement of material within the curriculum. According to this document, the “bous détiee
mathematical landscape are being transformed” (p. 27).

In 2003, the Commission on the Future of the Standards relddedearch Companion
to the Principles and Standards for School Mathemé#Kdpatrick, Martin, & Schifter, 2003).
The purpose of this document was to review the research pertaining to the issugesedis the

Principles and Standards for School Mathemafid€TM, 2000). In this document, Hiebert



discussed the debate concerning the use of calculators in the matherassicsooh. Using
results from available research, he stated that teachers could usataedanltheir classroom
wisely with some confidence. He also recommended that when negative resulteiognce
students’ learning with calculators were reported, the instructional prairanid be examined.
He attributed this recommendation to the fact that the effect of the calaslatod to
distinguish from the other factors surrounding its implementation, such as tloelcenrand the
instructor. He suggested that no single study would provide conclusive research about the
effectiveness of calculators in the classroom. He proposed that the bestdvay these types
of conclusions was to look for patterns in multiple studies (Hiebert, 2003).

Following the release of tHeesearch CompaniohNCTM again took a stance when they
issued two position statements regarding technology in the classroom. Theditisin
statement, published in March of 2005, was entitled, “Computation, Calculators, and Common
Sense” (NCTM, 2005). The organization said that there was indeed room for both canputati
and calculators in the classroom. It stated that students need to develop angedaf ikills to
solve problems both in and out of the school. It also stated that a balanced mathmogiics
helps students develop confidence and the discernment of when and how to use the tools
available.

The NCTM issued another position statement regarding technology in March of 2008
entitled, “The Use of Technology in the Learning and Teaching of Mathe@ic3 M, 2008).
The council stated that technology was essential in the twenty-first camaitpat all students
should have access to technology. It also said that effective teachergedhizelogy in a way
that helps students develop understanding and proficiency in mathematicsd Iltrettitehen

technology is used appropriately, it can give all students access to matkeifa council also



declared that “interactive presentation devices” are important in a “highyguathematics
education” (para. 2).
AMTE

Other educational organizations have also made statements about their beliefs on
technology in the classroom. In 2006, the Association of Mathematics Teaclvatdtdu
(AMTE) issued a position statement about the preparation of future educators andetudi
technology in the classroom. They declared that teachers and teacherteandidst have
access to opportunities to learn more about technology and how to incorporate the teghnology
the classroom. They stated it was the responsibility of teacher educaatiosi teacher
candidates to explore the uses of technology and model appropriate instruction bsiap¢sc

Their position statement also included a description of how technology could be used to
enhance the teaching and learning of mathematics (AMTE, 2006). They statbeé e of
technology could be used to facilitate understanding that would not otherwise be possible
without its use. They also noted the capabilities of technology allow students tigatees
multiple representations giving students a variety of ways to constructéshgsviThese ideas
were similar to those presented by NCTM in The Technology Principle wiaitddghat
technology “influences the mathematics that is taught and enhances stu@enitsgfeg NCTM,
2000, p. 24).
ISTE

In 2008, the International Society for Technology in Education (ISTE) presentiech&la
Educational Technology Standards for Teachers. They stated that tedchédsfacilitate and
inspire student learning and creativity, design and develop digital-age leaxpi@gences and

assessments, model digital-age work and learning, promote and model diggakbip and
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responsibility, and engage in professional growth and leadership (ISTE, 2008). Sthetattd
that teachers should use the standards set for students as they design andhirepfmriences
with technology.

The National Educational Technology Standards for Students stated that students shoul
be able to use technology to facilitate understanding and construct knowledgeZ087).

They also encouraged students to use technology to collect, organize, and zyuidtasand
use critical thinking skills to make informed decisions regarding this data.al$®gmphasized
the role of technology in communication and promoted digital citizenship. Theseadbals
those presented by the NCTM Technology Principle and the AMTE position stategeating
technology by emphasizing the role of technology in facilitating matherhatidarstanding.
NMAP

While NCTM, AMTE, and ISTE organizations encouraged the use of instructional
technology, not all organizations have provided such support. In 2006, President George W.
Bush organized the National Mathematics Advisory Panel to analyze ciaseatch on topics
of interest in mathematics education and make recommendations for instructié (I2DD8).
The Panel’'s recommendations regarding technology provided mixed results.

The Panel made positive recommendations regarding the use of computer-assisted
instruction in the classroom (NMAP, 2008). The Panel suggested that computedassiste
instruction could be dependably used for drill and practice. In addition, they recommtaaided t
computer-assisted instruction tutorials be implemented as a potentially toséfal the
classroom. They also recommended that instruction involving computer programming be
considered as a useful tool in developing mathematical concepts and applicational|yegmec

elementary school students.

11



The Panel’'s recommendations regarding the use of calculators in the cladsoso@ver,
were inconclusive (NMAP, 2008). The Panel recommended that “high-quality fesearc
particular uses of calculators be pursued, including both their short- and longHecta on
computation, problem solving, and conceptual understanding” (p. 50). The Panel felt that ther
was a lack of the “best possible scientific evidence” upon which to makeng stro
recommendation for classroom use of the calculator (p. xiii). This lack of supmodttnauted
to an absence of available research in the area of calculator technology.

The recommendations from the NMAP and other organizations appear to contain
contradictions. The NCTM, AMTE, and ISTE organizations’ recommendations casieehtm
using technology to develop both procedural fluency and conceptual understanding of
mathematics. The recommendations regarding technology from the NMAP apjmefreus
strictly on students’ procedural skills without consideration of conceptual uadeirsg. This
narrowly focused recommendation could be the result of their restrictive useafale when
making those recommendations. For example, the Panel found only eleven “rigomus” a
“scientific” studies upon which to base their recommendation concerningatalsuand of
those only one was conducted in the last twenty years. Therefore, thehaesearany updated
technological tools that are currently used in the classroom was largely discbgdnen making
recommendations.

Summary

Many organizations have presented an ideal for implementation of techmolihgy
mathematics classroom (NCTM, 2000; AMTE, 2006; ISTE, 2008). The NMAP sought to make
recommendations for the use of technology based on scientific research coutofaiake a

recommendation for calculators due to their restrictive use of researchKNA008). These
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mixed results might cause educators to look to the research itself for consldhe following
section will review available scientific research regarding techgatagently used in the
mathematics classroom.

Research on Technology Commonly Used in the Mathematics Classroom

A review of the literature revealed three primary technological toolgadiin the
mathematics classroom, namely the calculator, dynamic geometry sgfewad computer
algebra systems. As a result, this section will focus on these tools as theyhaped today’s
mathematics classroom. The research will be reported in the followiagrpphs, organized
according to the three technological tools.

Calculators

Since its introduction, researchers have sought to measure the impact tfutetaran
the mathematics classroom. In a study analyzing the effects afatals in college level
mathematics courses, Cassity (1997) examined the relationship betwe@ngcalculator
utilization and students’ conceptual performance. The sample in this studytexdo$is44
students enrolled in nine sections of College Algebra at a university in the Rockydh
region. Sections were rated for their calculator utilization and the tholhgs-exam was used to
measure conceptual understanding. A panel of experts divided the exam into prcasdiural
conceptual subscales.

The Pearson product-moment correlation coefficient was used to determimetbavras
no significant difference between calculator utilization and students’rpafice on test items
evaluating conceptual understanding. This lack of significance could ibeli®itk to the fact that
all nine sections were ranked by calculator utilization between 6 and 9 or @s8ab 15. This

indicates little variation in calculator utilization among the nine sections.
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In another study analyzing the effect of the graphing calculator on comnoohége
students’ achievement in an introductory algebra class, eighteen studengs/eer@ pretest
and survey to assess their basic mathematical knowledge and attitudes towasddhthe
graphing calculator in mathematics learning (Reznichenko, 2006). Students waliewed to
use the graphing calculator on the pretest. Using mixed methods of delivery, stuekentisen
given a six-week intervention on how to use the graphing calculator, including lesttires
examples from the textbook and collaborative learning exercises. No cootiplgas
considered.

At the conclusion of the intervention, students were given a posttest evaluatingtke topi
covered in class (Reznichenko, 2006). Students were allowed to use the graphiatpcaioul
this exam. Students were also administered another attitudinal survehalftgetvention.

Using a paired, one-tailgetest to compare pretest and posttest scores, a significant gain was
found in students’ achievement scores. Using the same statistical telifuenal surveys

were compared and a gain in students’ attitude was observed, although it was noasigiifie
researchers noted these results showed the implementation of the graphiagocafdolthe
curriculum was successful.

Individual studies, however, cannot provide the generalizability necessary to make
widespread instructional decisions. Regarding the use of calculators ingb®acia, Hiebert
(2003) stated that the best conclusions are drawn from analyzing trends asrpssudigs. In a
meta-analysis, Ellington (2003) included 54 of the over 120 studies she found that featured the
effect of calculators in the classroom. After perusing academic dasabiaseriteria for final

inclusion in the analysis were that the study was published between January 1983dnd Ma
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2002, it featured the use of a basic, scientific, or graphing calculator, and thepreputéd the
information necessary to calculate effect sizes.

Ellington categorized the studies according to the skills they measurpdratianal,
computational, conceptual, and problem solving (Ellington, 2003). In her meta-analysis,
Ellington found that the most positive effects occurred when calculators werasiagpart of
both instruction and testing. Students showed an improvement on items that measured
operational skills and conceptual understanding. In addition, the researcher found tiné gtude
classrooms that used calculators as a part of instruction reported bettdestiinan those that
did not.

In 2006, Ellington continued her research by conducting another meta-analysissto foc
on the effects of graphing calculators without computer algebra system ¢(@p&ilities on
student achievement and attitudes. After a search for studies through edretatexhdatabases,
a study was included in this analysis if it consisted of a treatment group that &ssl @&acc
calculators and a control group which did not. It also had to have the appropristestar
calculating effect sizes and it had to be performed in a mainstream pgecamileollege
classroom.

The search yielded 42 studies, four of which did not specify if the calculatoaltgped
for testing was scientific or graphing (Ellington, 2006). Procedural skats;eptual skills, and
mathematics achievement were analyzed. In this study, the resedetihed procedural skills
to mean those requiring “application of an algorithm, rule, or procedure to completebhem
at hand” and conceptual skills to be those “skills used to understand mathematipsscanddo

apply those concepts to a variety of problem solving situations” (p.19). Twelve of the studie
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analyzed students’ overall mathematical achievement after haviegsaocgraphing calculators
during instruction.

The results showed that when calculators were used in instruction but not testing,
calculators did not help or hinder students’ ability to apply mathematical fasrand
procedures or students’ overall mathematics achievement (Ellington, 2006). Undenée s
conditions, however, the calculator was found to be an aid to students’ conceptual undgrstandin
When calculators were used in both instruction and testing, students benefitted fumm tiie
the calculator in procedural understanding, conceptual understanding, and ovitrathatizs
achievement. The study also found that the graphing calculator had a positive e$tectem
attitudes toward mathematics. She noted that no studies were found where stutleats wit
access to calculators performed better than students with access tataedcul

Therefore, there is research available analyzing the trends of nuaigsstegarding the
use of calculators in the classroom. As Hiebert (2003) suggested, the analysesafgadies
provides results which can used with more confidence. All of the previously mentioned studies
demonstrated that when calculators were used in the classroom, positive redulieion s
achievement were common. None of the studies provided evidence that calculators hindered
student learning and all studies reported that student attitudes were improved s tihe
calculator. Thus, the findings of these studies allow teachers to maketinstibdecisions
concerning calculators with some assurance of positive results.
Dynamic Geometry Software

As with calculators, researchers have sought to examine the impact of dgeamietry
software. In one instance, the role of the teacher in the implementation of dgsametry

software has been examined. In an international study, Laborde (2001) meestepchers’
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integration ofCabri geometry software in a program that was designed to begin with first yea
high school students and continue over a period of three year€abhiegeometry software was
available to students on TI-92 calculators for use at home or in the classroom &f fear
teachers of various ability levels was formed to meet and collaborate ynontimplementation
of the software in the classroom.

The researcher identified ways teachers used the software inLabssde, 2001). He
noted that the novice teacher and the teacher with little technological expealesigned
activities whereCabri was used as a facilitating tool of the material aspects of the task. These
same teachers, however, did not Gsdri to change the task conceptually. The more
experienced teachers and those familiar with the technology designed taskshi€abri could
be used to develop problem solving strategies not available without the use of such ¢ggchnolo
The researcher concluded that “technology gives a meaning to matheandtitathematics
justifies the use of technology” (p. 316). These types of conclusions support instiuctiona
decisions to include visualization tools in the mathematics classroom.

In another international study involving Turkish students, Isiksal and Askar (2005)
analyzed the effects of the visualization tdatographon the mathematics achievement of
seventh grade studenfhe sample for this study consisted of 64 students with an equal number
of male and female participants. Students were randomly assigned to classsoams
traditional-based instruction without the use of technology, instruction using spredadshee
software, or instruction using the dynamic geometry softwautggraph To measure
mathematics achievement, a test consisting of 20 short answer questionsel@sedieby

mathematics teachers at the school.
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Based on a pre- and post-test design, the researchers found that the use of the
visualization toolAutographresulted in significantly greater mean mathematics achievement
scores compared to that of comparison groups (Isiksal & Askar, 2005). The study also
investigated students’ mathematics and computer self-efficacy. When siinsyg a
mathematics self-efficacy scale, students in the group @sitagraphbased instruction rated
themselves significantly higher than students in comparison groups. The resub@led a
significant relationship between mathematics achievement post-tess scwt students’
computer self-efficacy scores. The authors noted that future researcheded tefurther
examine the impact of geometry software and perceived efficacy on studethishmacs
performance.

Hannafin and Scott (1998) studied the effects of another form of dynamic geometry
software,The Geometer’s Sketchpakhey sought to analyze the effects of the program on
student recall of factual information and conceptual understanding aftesltogtfor ability.
The study’s sample consisted of 210 eighth-grade students, with an equal distrabumiales
and females. The study took place in 12 algebra and prealgebra classroomseuit @ity
levels. The researchers stated that the school had historically low matisdesttscores.

Researchers used a reverse digit-span memory test and the Ravgrésdtve Matrices
test as well as students’ year-to-date mathematics averagesrinidetstudents’ ability levels.
Students were given instruction developed by the researcherTisngeometer’s Sketchpad
Researchers then administered a posttest, consisting of 45 items whicheeMacial recall
and 11 items which evaluated conceptual understanding. The results of the study showed tha

high-achieving students performed better on factual recall itemsaiwaadhieving students.
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The researchers also found, however, that low-achieving students performethbattegh-
achieving students on conceptual understanding items afteriusnGeometer’s Sketchpad

Dynamic geometry software can serve as an important tool providing studénts w
multiple representations. Laborde (2001) suggested that the role of the teagher significant
role in the effectiveness of this tool. Hannafin and Scott (1998) also suggested tloat thas
positive implications for low-achieving students. These studies provide evidehdgrhanic
geometry software can have a positive effect on student understanding and ashievem
Computer Algebra Systems

The introduction of computer algebra systems (CAS) into the classroom has given
researchers cause to investigate its effectiveness in the matlsectegg&room. When compared
with other technological tools, the distinguishing characteristic of thisgots symbolic
manipulation capabilities. According to Heid and Edwards (2001), CAS perform fotiofisic
in the classroom: to serve as a primary producer of symbolic results; toynedialic
procedures; to help students generate examples with which to look for patterns; aatkto cr
results for problems posed in abstract form. They also report that thesesuailibw students
with little or no knowledge of algebraic properties to simplify expressaodssolve equations.

Vlachos and Kehagias (2000) examined the role of CAS in a business calculus
environment at a Greek university. In this study, the sample consisted of apgiedyih60
students in nine classes. Five of the nine classes received instruction wired @AS. The
remaining four classes received traditional, non-computerized instructionnSsudeecys
indicated that students who received CAS instruction had markedly better atffitadesose
who did not. Researchers used a prerequisite course grade to show that the groups were not

significantly different before the treatment instruction.
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Using the difference between a prerequisite math course grade and thescemdss
course grade to evaluate mathematical proficiency, the reseamhedsda statistically
significant difference between the mean grade differences of studeositeetm the classrooms
using computer algebra systems and students enrolled in classrooms witkestta@omputer
algebra systems (Vlachos & Kehagias, 2000). In the business calculus courses sndgled
in the classrooms using computer algebra systems had a higher mean score thenestralied
in the traditional, non-computerized courses.

Another international study examined the effect of calculators with Cp&bddies on
students’ achievement, their scores on University Entrance Calculus Exanspand their
attitudes toward CAS (Hong et al., 2000). The students involved in this study werel118-a
year-olds at two different schools in New Zealand. Both a control group of studemtiid not
have access to calculators with CAS capabilities and a treatment grodmpdichiave access to
calculators with CAS capabilities existed at both schools.

The authors defined a calculator-positive test to be one on which the use of the TI-92
calculator with CAS capabilities might render an advantage and aatalenkutral test to be
one where the use of the TI-92 would not necessarily provide an advantage to tegititakgrs
et al., 2000). To serve as a pretest, students were given a calculator-paditeaseucted from
guestions set in the national Bursary Mathematics with Calculus universaypemgxamination
for 1992-1997. Students then received instruction, with the control group receiving their usual
instruction without the CAS and the treatment group receiving calculatosiméeinstruction.

After receiving instruction, the students were administered a calcylasitive posttest
and a calculator neutral posttest (Hong et al., 2000). Students in the experinmuergalvgere

allowed to use CAS on the test while students in the control group were allowed tanaseds
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calculators. Results showed that students in the treatment group scoredasitinifietter on the
calculator-positive test than students in the control group. On the calculatoi-testirstudents
in the treatment group scored slightly lower than students in the control group, but not
significantly. The researchers also found no significant difference on the s¢@tedents in
both groups on the Bursary Mathematics with Calculus university entrance ettamina

For the qualitative portion of this study, researchers interviewed studentgtaout
attitudes toward CAS (Hong et al., 2000). Many students responded that CAS allowed them
develop new problem-solving strategies, solve problems faster, and improve cahceptu
understanding. Some students, however, stated that CAS encouraged them to focus on
procedures and not gain conceptual understanding. These contrasting repodsd theeal
different effects CAS could have depending on the student.

The long term effects of using CAS in the classroom have also been anatyaetiudy
analyzing the effectiveness of CAS in a developmental algebra coursechesgaxamined the
effect of the use of CAS on students’ performance in a subsequent introductolgstaiistse
that was typically taken to fulfill their mathematics requiremengfaduation (Shaw, Jean, &
Peck, 1997). Students were categorized into three subdivisions: those who did not require
developmental courses, those who took a traditional non-technology based InterAlgeiata
course, and those who took a technology based Intermediate Algebra courseraiocg CAS
into the classroom. There was disparity in sample sizes between the graGps atudents did
not require a developmental algebra course, 109 students were included in the traditiona
technology based Intermediate algebra course, and 34 were included in theotgchaséd
Intermediate Algebra course. This disparity was due to student attritibtne fact that students

did not take the subsequent statistics course within the time limits of the study
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The results showed that the mean introductory statistics grade for studentslwbb di
require a developmental algebra course and those who participated in the techasku)y-
course were not significantly different (Shaw et al., 1997). The mean grade ®mthos
participated in the traditional non-technology based Intermediate Algieissaveas much lower
than the other two groups. Chi-square test results revealed that the grabletidissriof the non-
technology based and technology based Intermediate Algebra courses were neoit thiffie
there was a significant difference in the grade distribution of the group ohstwdeo did not
take a developmental algebra course. The researchers concluded that thetiotrotl @AS
technology in developmental courses was a considerable success. They coheluithed t
availability of CAS gave students who required a developmental course theekissary to
perform as well as the students who did not.

The results of these studies give educators mixed results upon which to base their
instructional decisions regarding CAS. Some studies reported that CAS pysitipatted
students’ achievement (Vlachos & Kehagias, 2000; Shaw et al., 1997). The authors ofyne stud
stated, however, that students receiving CAS-based instruction actually seeeethlan
students who did not receive CAS-based instruction (Hong et al., 2000). In that same study,
students also reported mixed attitudes about the use of CAS. Further research on t&A\&se of
is needed as mathematics educators continue the debate over whether to allowh@AS
classroom.

Summary

As Artigue (2002) pointed out in a personal reflection about research concerning CAS,

the value of an instrument that performs procedures must be considered and used a&bpropriat

in instruction. Research presented in this section has shown a significaonhséig between
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mathematics achievement and the use of technological tools. These tools also taga pos
impact on student attitudes in the mathematics classroom. The following sectiaims current
research specific to digital pen technology.
Current Research Involving Smart Pen Technology

The recent release of the smart pen for commercial use has givecheseéttle time to
produce research regarding its use. A review of the literature revealstUnhes involving
smart pen technology in educational settings. Another study was found involving tbietlie
smart pen in the healthcare industry. These studies will be described in the fojfanaggaphs.

In a study funded by the Defense Advanced Research Projects Agencghesear
investigated the effects of smart pen technology on students’ cognitivedtexdng to the
available mental resources one has during the problem-solving process (Oviatt, B806). T
purpose of the study was to investigate the effect of technology on the userrnaraeitthe
technology in fact improved cognitive work load and performance. The study sacipted
twenty high-school students who were classified as either high or low parfprimese
students were given three non-computational geometry problems. Studentskeerea
perform each of the three tasks using paper and pencil, the smart pen systegraphatal
tablet interface with keyboard, mouse, and stylus. Students wore headsetsovaffhone
capabilities to record their thought processes. The study found that stugesriereoed greater
cognitive work load and performance deterioration as the instruments depameitiér
traditional work instruments of paper and pencil. Students were faster and equblessc
interface distraction with paper and pencil, followed by the smart pen, andafitecgl tablet,

respectively. From these findings, the researchers concluded that humeneaeesign which
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focuses on the effect of instruments on a person’s cognitive work load should be a atiosider
in the innovation of effective technological tools, such as smart pen technology.

An international study analyzed the effects of an instructional prograuorifea
graphics, audio, animation, and hands-on practice on the achievement of 41 Taiwamase se
graders (Lee, Shen, & Lee, 2008). To develop and present this multimedia insttyrbgnam,
instructors utilized computer software, sound equipment, digital boards, and smart pe
technology. The researchers of this study conjectured that this combinatioitiofedia
instruction would result in students making fewer errors, such as forgetbkgsand word
meanings and making fewer errors with phonetic symbols. In the treatment gouolgpts
received multimedia instruction utilizing these technological tools, inclutdmgrnart pen. In
the control group, students received only traditional lecture-style present&iodsnts were
given a pretest, immediate posttest, and delayed posttest.

The immediate posttest showed that the treatment group performed sighyitoedter
than the control group (Lee et al., 2008). The delayed posttest showed that the trgatapent
performed significantly better in all but one area, complicated words egxhhecognition.
These results provided evidence that an instructional program including thgpembgas a
positive effect on students’ performance. It should be noted that these findings asult of
an instructional program featuring many technological tools and cannot heattibuted to
the use of the smart pen.

Smart pen technology also has been used in areas outside education, such ashealthcar
A Swedish study examined caregivers’ experiences using smart pen techndlegyent pain
assessment (Lind, Karlsson, & Fridlund, 2007). Purposeful sampling was utilizeddb sel

informants who were medical caretakers with varying backgrounds and levels afi@uluin
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the study, patients in a home health care environment used smart pen technology t@nrecor
evaluation of their pain and the effects of current treatments. The medetakeas used these
records to evaluate treatments and make adjustments to patient care. Tiobeestdeen
interviewed these caretakers and analyzed the resulting data. Thiatiyeastudy concluded
that smart pen technology had a positive influence on patient care by causiakecartet have a
positive outlook on their ability to assess patients’ pain. Patients also behiefiitecreased
participation in their treatment and improved monitoring of pain level fluctuations.
Summary

The smart pen has been shown to produce positive results in educational settings and
others, such as healthcare. When compared to traditional lecture-style dektleogs) an
instructional program utilizing the smart pen resulted in greater student panfgemAnother
study, however, found that when compared with traditional work instruments, the usetof smar
pen technology increased students’ cognitive work load which resulted in @cieni of
students’ performance. In the area of healthcare, the recording of pain disrgesniart pen
technology resulted in better treatment for patients. The results of thdmssre a catalyst for
discussion of the effectiveness of smart pen technology in the mathemaggr®ain.

Chapter Summary

Many organizations have set forth a standard for the use of technology in the
mathematics classroom (AMTE, 2006; ISTE, 2008; NCTM, 2000). While many organgati
encourage the use of technology in the classroom, some organizations, however, sitdenot
absence of research regarding its effectiveness (NMAP, 2008). Researahyteamhnological
tools, namely the calculator, dynamic geometry software, and compggbralkystems, has

suggested that technology can improve student achievement. Current research parsmar
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technology, however, has been limited. In areas outside mathematics educarbpesm
technology has shown positive results. Research is needed, however, to detexnmpact of

smart pen technology in the mathematics classroom.
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CHAPTER Illl: METHODOLOGY
Introduction

In the preface t®Research on Technology and the Teaching and Learning of
Mathematics: Volume Heid and Blume (2008) stated, “The stage has been set for the
systematic examination of the impact of technology on the teaching and leafrning
mathematics” (p. vii). This call to action echoes other organizations who sxpeaseed for
high-quality research on which to base instructional recommendations. Thisetpdnded to
that call by providing sound methodology which examined the use of the smart pen as an
instructional tool in the mathematics classroom.

This chapter addresses the research hypotheses and questions explddtiorn ia
contains descriptions of the sample, the instrumentation employed for datéi@o|lthe
procedures used for conducting the study, and the methods used for data analifgighEina
limitations and delimitations of the study are provided along with a chaptenary.

Research Questions and Hypotheses

The purpose of this mixed-methods, quasi-experimental study was to determine the
impact of instructional use of the smart pen on students’ mathematics acmeaschéheir
attitudes toward mathematics. The research questions explored were thmdpllow

1. Do achievement scores of College Algebra students in a community coltegg se

whose instructor utilizes smart pen technology differ significantly fronilasi

students whose instructor does not utilize smart pen technology?
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2. Is there a significant difference in the frequency of student views of onlingecour

notes between class sections with and without smart pen documents available?

3. What attitudes are characteristic of classrooms with and without insteuag®@ of

the digital pen?

The first two research questions were used to formulate the following hypethes
Hypotheses

Hypothesis T'here will be no significant difference in mean mathematics achievement
scores by instructor’s use of the smart pen as an instructional aid when canfoolbretest
scores.

Hypothesis 2There will be no significant difference in the distribution of student views
of online course notes by the existence of smart pen documents for instructional use.

Sample

The sample consisted of two intact classes of mathematics students enrGitgiege
Algebra at a rural community college in Mississippi. For the fall of 2009, dmsrainity college
had a student body of 3,707 students with 41% male and 59% female. Among this student body,
78% considered themselves Caucasian, 18% African-American, and 1% HispanicerBlge a
ACT (formerly known as American College Testing) score for entergghmen at this school
was 18.

To be admitted into College Algebra, students must meet certain prerequissis. Fi
students are required to have completed Algebra | and Il in high school. In addityomuiste
have made at least a 19 for their ACT mathematics subscore. If studentst able to achieve
this score, they have two alternate forms of placement. They may eithertiakement test and

achieve a predetermined score or successfully complete a developatgsiteh course.

28



Once these prerequisites are met, students register for their Coltgwaitourse
through an advisor or on their own initiative. Students enrolled in one of two sections of College
Algebra during the fall semester of 2010 were invited to participate inttiag. SThese two
sections were selected for their similar characteristics in that lastbes had meetings that
occurred three times a week for 50-minute intervals and both were taught bynéhmstuctor.
It should be noted that students in both groups were not aware of the study at the time of
registration.

Hypothesis 1 required the collection of pretest and posttest data from students in both
classes. For the analysis of hypothesis 1, the control group consisted of 2sstudehom
pretest and posttest data were recorded. According to the instructor'sadiosey; this group
consisted of 48% female and 52% male students with 80% Caucasian, 12% AfricacaAmer
4% Hispanic, and 4% Asian. The treatment group contained 29 students for whom pretest and
posttest data were recorded. According to the instructor’'s observationsptipscgnsisted of
66% female and 34% male students with 93% Caucasian and 7% African-American.

Due to absenteeism, the sample for hypothesis 1 differed slightly from the smagle
for hypothesis 2. For the analysis of hypothesis 2, the online communication platisrosed
to track the number of student views for each online document posted by the instructor. Any
student who was enrolled in the course between September 22, 2010 and October 4, 2010 had
access to these online documents. From the study start date to the study,ehdrdatere 40
students enrolled in the control group. Of these 40 students, 50% were males and 50% were
females with the exact same percentages of ethnicities represettiedasple used for

hypothesis 1. In the treatment group, 41 students were enrolled in the course friudytistast
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date to the study end date. Of these 41 students, 66% were females and 34% wergmthkes w
exact same percentages of ethnicities represented as the samppotbesig 1.
Instrumentation

To evaluate students’ mathematics achievement, students completed a pdetest a
posttest. In order to have validity, both the pretest and posttest items veetedsé&lom two
different forms of chapter exams published by the textbook company to accompany the
instructional unit presented in class. In communication with an editor from the textbook
company, the researcher was informed that the chapter exams used udihigese developed
by a subject matter expert who analyzed the material covered in the textipeskapa used the
textbook author’s overall style to design an assessment that would appropreitekyltse
presented in the chapter (S. Beeck, personal communication, August 26, 2010). In addition,
another subject matter expert was hired to review accuracy.

The items selected from these chapter tests were then reviewed bypshnastors at the
community college who at the time were preparing to present the sanoé imsiruction as the
one featured in this study. The instructors agreed that the selected itesrevegpropriate
assessment of the objectives presented in the unit. These tests will lslrefers Mathematics
Achievement Test-Form A and Mathematics Achievement Test-Form B. &statontained 14
multiple-choice questions selected from problems designed to evaluatertinegledjectives
from the material presented in class. These tests can be found in Appendix A and B.

To track student access to digital pen documents, the community college’s online
communication platform counted the frequency of students’ access to digital dosposed
by the instructor of the course. This platform featured a tracking tool which lsewided for

counting the number of student views for digital documents. For the control group, theanstruct
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posted visual-only documents while the treatment group received access tpesnastuments
with both audio and visual capabilities. Students could access these files fravoationl with
internet access. This tracking tool measured the frequency of student viewshfdoeament
available to both the control and treatment group.

For the qualitative portion of the study, students from each class volunteered to be
interviewed regarding their opinions of the instructor’'s use of the smart pemt&heaw
protocol is provided in Appendix C. This protocol included broad, open-ended questions which
addressed student attitudes concerning the subject of mathematics andftbiicaey in
performing mathematical operations. These questions were developed Isetrehrer to focus
students’ responses as they related to smart pen technology.

The researcher also served as an instrument. The researcher completeela B&Arts
degree in mathematics in 2004 and a Master of Science degree in mathematics iara006 fr
Mississippi State University and has been an instructor at the parhgipadtitution for five
years. She has also been enrolled as a student in the doctoral program at thayfivers
Mississippi for four years. As a student in the doctoral program, the reselaasheompleted
required coursework pertaining to qualitative research practices.

Procedures

The researcher obtained permission from the mathematics division head to pleisorm
study at the community college. Following this approval, the researcher ditthedarospectus
and submitted the necessary information to obtain IRB approval. Having previbersiyied
the two sections of College Algebra for this study, the instructor rand@belgted one section
to serve as the control group and one as the treatment group. Prior to administeriagp#te pr

the researcher disseminated consent forms to the students in particizess®s cl his consent

31



form can be found in Appendix D. In the next class meeting, the participants cehplet
Mathematics Achievement Test-Form A to serve as a pretest evals@atttents’ prior
knowledge.

Following the administration of the pretest, the instructor presented the third unit of
instruction to participants. This unit, which occurred between September 22, 2010 and October
4, 2010, was chosen to minimize limitations. This choice of unit allowed students time to
become familiar with the college’s online communication platform yet rebiineerisk of
discussion among students between both groups which might create treatmehdiffiusng
the participants. The timing of this unit also allowed the study to occur prior tatballowing
student withdrawal from the course.

The instructor had 10 years of teaching experience in both secondary and higher
education. In addition, the instructor was experienced in the use of the smart pen as a
instructional aid, having used the tool in two previous semesters. She had presented her
experience using smart pen technology in many settings, including instrutdicimaology
conferences.

Both the control and treatment groups received the same in-class instrucéidrobas
notes and examples from the textbook. Prior to the study start date, neither of théhgtbups
access to online documents with the smart pen technology. The treatment group, hodever, di
receive an in-class demonstration of smart pen capabilities at the bggphiine semester.

During the study, the instructor used the digital pen as an instructional aid in the
treatment group. Lectures and additional examples were pre-recorded atbgbestronically
for students to access as the unit of instruction progressed. The files postedeiatnnent

group had both the visual and audio capabilities of smart pen technology. The expertbace of
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smart pen document afforded students in the treatment group with a very digrerience

than students in the control group. When a student from the treatment group opened a smart pen
document, they were able to see the instructor’'s pen movements along with theaatogp

audio provided by the instructor. The instructor supplied a step-by-step audiauditdog

accompany each of the supplemental exercises she provided in these docLimestperience

was very similar to watching a video where the instructor presents an examdpleses a step-

by-step explanation.

Students in the control group, however, received digital online documents with the same
content but without video or audio capabilities. These documents were static and simply
appeared much a like a page of notes from a notebook. Maintaining this distinctiomibivee
two groups helped to attribute any significant findings to the capabuitigse smart pen and the
characteristics of the documents produced by this tool. Both groups were ablessothece
documents via an online communication platform throughout the unit of instruction.

After receiving instruction, students completed the Mathematics AchivieTest-Form
B to serve as a post-test. Due to a copy error which excluded a graph from ttest)aste
guestion had to be eliminated from the original test document. Therefore the cornegpondi
guestion was also eliminated from the pretest. Students from each section vetufdee
interviews by checking a box at the end of Mathematics Achievement TestEHodicating
that they were interested in being interviewed about their experiences¢taigsoom. Five
students from the treatment group volunteered and participated in interviewscéamtiod
group, six students volunteered to participate in interviews. As the researdipamaed to
interview only five individuals, the researcher had to decide which of the six velsimeuld

not be interviewed. Of the six volunteers, two did not have pretest data recorded due to
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absenteeism. One of these two students was a former student of the reseavcther to
minimize bias, the researcher made the decision to not interview the sidmedid not have
pretest data and with whom she had had previous contact. Interviews occurel autfass
times at the participants’ convenience and were audio recorded. The intdno&vpsace
within two weeks of the posttest administration. Using the contact informateidpd by the
student, the researcher contacted each student by phone and scheduled an imenatthe
convenience of the student. Students were instructed to meet at the researfuteds thie
appointed time.

To control noise and interference, the interviews took place in the researcfieg's of
The students were assured that their responses would be kept confidential. The Stedesds
unfamiliar with voicing their feelings about mathematics but quickly relageteainterview
progressed. The researcher was also familiar with four of the inteegeageformer students and
they seemed the most at ease. The interviewees gave short, direct resgmnanalyEis of the
data collected with these procedures will be discussed in the following section.

Data Analysis

To evaluate the first hypothesis, a pretest-posttest control-group desigtilizad.
Mathematics Achievement Test-Form A served as a covariate, ensutiagyhgagnificant
difference observed between the two groups would be the result of the treatmietiheBoetest
and posttest were scored using a scantron grading system. The number ohnewecs served
as the score. Data was entered by the researcher into a spreadsiast pobgram and double-
checked for accuracy. This information was imported into the statiatiedysis software. All
statistical tests were checked both electronically and manualhstoeeaccuracy. The Levene’s

Test of Equality of Error Variances and the test of between-subjéetssefvere utilized to
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validate the assumptions necessary for an ANCOVA test. The pretest andtzasites for the
two classes were then analyzed using the ANCOVA test.

The second hypothesis was investigated using the tracking feature in the sochiood's
communication platform. The frequency of student access to digital courseviadies online
communication platform for both the treatment and control groups was counted and compared
using a one-way chi-square test. That data was used to determine if thersigmificant
difference in the frequency of student access to online course notes bétevgeatiment and
control group.

The third research question was evaluated using qualitative methods. AccorGiig) t
Gall, and Borg (2007), phenomenological research seeks to understand how realitytappear
individuals. This study used student interviews to investigate how smart pen tgghnol
impacted students’ experiences in the mathematics classroom. The wsecwigducted with
students were transcribed verbatim. Using open coding, then the researbfredane
interviews for trends and commonalities among students’ perceptions about atatbetineir
self-efficacy, and the instructor’s use of smart pen technology. Thealeseeead through each
interview thoroughly and made notes of any commonalities among responses. Tloaguesti
were then separated individually and responses among the two groups analyzed ipertquest
determine if there were any trends among responses.

Limitations and Delimitations

The relative small scale of the study and the lack of randomly selecteippats served
as limitations to the generalizability of the study. The instructiondhodstand mathematics
achievement tests focused on procedural skills. Therefore, another limitatiensdfidy was its

inability to evaluate other aspects of mathematical proficiency, such esptoal
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understanding. According to item response theory, the nature of the multiple exancmation
also served as a limitation (Baker, 2001). The researcher’s role as amargtintroduced a
bias to the study. Prior to beginning each interview, the students weredastrtheir
responses would be confidential and that their instructor would not be able to identify thei
responses. The study also presumed that students truthfully answered tioheeskeaing the
interview process.
Chapter Summary

In summary, this chapter defined the research questions and hypotheses that were
investigated as well as the sample and population for the study. The instiioneantd
procedures for collection of data were presented. The methods for data aaralygisitations
and delimitations were also provided. The chapters that follow will addreBadhegs of these

analyses and their implications.
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CHAPTER IV: RESULTS
Introduction

International comparisons have shown the need for improvement in U.S. mathematics
education (NCES, 2009). In an effort to improve students’ mathematics achieyvetherators
have implemented new technology into the mathematics classroom. While mészemshown
that many other technological devices have not hindered students’ mathectagesment,
there is an absence of research regarding the use of smart pen techntilegyathematics
classroom.

The purpose of this mixed-methods study was to examine the effects of smart pen
technology on the achievement and attitudes of community college studentsdanrall@ollege
Algebra course. This chapter reports the analysis for the procedures outl@ealter 11l and is
organized into two sections. The first section provides the results of quantitativeds used to
evaluate hypotheses 1 and 2. These hypotheses examined the effect of smanhp&gteon
students’ mathematics achievement and the frequency of students’ views of onlimedtsc
The second section presents results of qualitative methods used to exploré cpsestion 3.
This research question examined student attitudes regarding the subjettteohatis and the
instructor’s use of smart pen technology.

Quantitative Analyses
The first two research questions in this study investigated the effd wistructor’'s use

of smart pen technology on students’ mathematics achievement and studentsvadaldéa
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online documents. Quantitative methods were employed to examine each of tbasgghres
guestions using the appropriate statistical test. All quantitative testsewa@uated with a 95%
confidence interval using the Statistical Package for the Social Sci&8S).The following
sections report the results of the analysis of each null hypothesis fornteal frgtttwo research
guestions.
Hypothesis 1. There will be no significant difference in mean mathematics achmegeares by
instructor’s use of the smart pen as an instructional aid when controlling for pretest.scores
Prior to the analysis of covariance (ANCOVA), the Levene’s Test of EgadlError

Variances produced a significance vapue.759, which satisfied the assumption for

homogeneity of variance. Using the tests of between-subjects effectelationship between

the dependent variable and covariate yieléfed 20.722with significance p =.000, which

indicated that there was sufficient evidence of a linear relationship dretive dependent
variable (posttest scores) and covariate (pretest scores). THieddtie assumption of a linear
relationship between the covariate and dependent variable.

An ANCOVA test was used to analyze this hypothesis with the posttest achigveme
score serving as the dependent variable, the group serving as the independeet aadahke
pretest achievement score serving as the covariate. As demonstrateleih, Tad ANCOVA

yieldedF (1,51)= .524with significancep =.472.
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Table 1

ANCOVA: Mathematics Achievement Test Scores

Source SS df MS F p
Covariate 70.990 1 70.990 20.722 .000
Between 1.796 1 1.796 524 472
Within 174.714 51 3.426
Total 247.5 53

These results indicated there was not a significant difference in meélaamadics achievement
scores by instructor’s use of the smart pen as an instructional aid when canfoolretest
scores. Therefore, hypothesis 1 failed to be rejected.
Hypothesis 2. There will be no significant difference in the distribution of studentofiewkne
course notes by the existence of smart pen documents for instructional use.

To examine this hypothesis, the number of student views collected from the online
tracking system was analyzed using a one-way chi-square test. thteta were 105 views

conducted by students from the control group and 128 views conducted by students from the
treatment group. As demonstrated in Table 2, this data produd@83)= 2.27(with

significancep =.132.
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Table 2

Frequencies of Student Access

Group Observed N Expected N Residual
Control 105 116.5 -11.5
Treatment 128 116.5 11.5
Total 233

These results indicated there was not a significant difference in thbudish of student views
of online course notes by the existence of smart pen documents for instructional usferdher
hypothesis 2 failed to be rejected
Summary of Quantitative Findings

Quantitative methods were used to investigate the first two researclogsestiarding
the effect of smart pen technology on students’ mathematics achievement antsstisgeof
available online course notes. Results from the ANCOVA test indicatedwisreot a
significant difference in mean mathematics achievement scores hyctosts use of the smart
pen as an instructional aid when controlling for pretest scores. Results from-togiate test
indicated that there was not a significant difference in the distribution ofrétuieevs of online
course notes by the existence of smart pen documents for instructional use.

Qualitative Analysis

One of the goals of phenomenological research is to recognize how apakigrs to
participants who have experienced the phenomena (Gall et al., 2007). This igpeanth was
utilized in this study to explore the effects of the use of smart pen technologitwdea of

community college students enrolled in a College Algebra course. The tiaedtateguestion in
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the study was as follows: What attitudes are characteristic of studefgssrooms with and
without instructor’s use of the smart pen?

Five participants from each group were interviewed about their attitudes ancbegps
in the College Algebra course in which they were currently enrolled. Syalgifithe interview
included questions regarding participants’ attitudes toward the subjecthedmedics, their
mathematics self-efficacy, the instructor’s use of resources, andssioggdor increasing
understanding. Open coding was used to analyze participant responses. Tdnisseafjanized
according to responses from both the treatment group and control group. Participhnéshesa
have been replaced with pseudonyms.

Treatment Group

The five participants interviewed from the treatment group were LindseyeGingm,
Valerie, and Rachel. The first interview questions asked partisidnaiut their feelings
regarding the subject of mathematics and if that feeling had changedbegqoring the course.
Four out of five participants in the treatment group responded that they liked or lovebjdw s
of mathematics. Lindsey stated, “Um, | like it. It seems easy betaeises like a definite
answer.” Pam replied, “Mathematics as a whole is not really great butaaitgsit, | love it.”
Only one of the five interviewees, Valerie, responded that they did not like thetsstajeng,
“Truthfully, I really just don’t like math, but I'm really good at it.”

The majority of participants did not seem to feel that the course in which they we
enrolled affected their attitude toward the subject of mathematics. Whehaisike whether
their opinion about the subject of mathematics had changed since they began this cearse, thr
out of five participants responded they had always held that opinion. Two participants eglspond

that their opinion had improved since the course began. After responding that she lebesl alg
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and asked if this attitude had changed since she began her current mathmuegesr if she
had always held that opinion, Pam responded, “Not always, but | do like it a lot more ndw tha
used to.”

All five participants from the treatment group gave positive responses abaowhtitiey
to do mathematics. All participants reported that they were “good” or ypyetid” at
performing mathematics. Lindsey stated, “I think I’'m pretty good d@hmtés not always my
best subject but it's not that, like, bad to do. (laughs) It's not like painful or anytmger
simply replied, “I think I'm good at it. I've always had A’s.” The other thsagdent responses
included the phrase “pretty good.”

The interviewer then questioned participants if their ability to perforrhenadtics had
changed since they began the course. Similar to the responses concerning tatitede
participants had always felt confident about their ability to do mathematasparticipants felt
their ability had improved since beginning this course. Pam stated, “I think | taraersbetter.
Like, the basic concepts.”

Next, the researcher questioned participants about their instructor’'s nesewfces.
Responses centered on the instructor’s use of technology in the course. Evapapam the
treatment group initiated a response that involved a technological tool. OfitleosEsponses,
three participants initiated a reply that mentioned the instructor’s use sihtdre pen. Ginger
replied, “I like the, um, | don’t know what it's called there’s a thing she uses wigimal mean
it's like a [computerized blackboard] but it's not a [computerized blackboard].”

After responding that she was intrigued by the smart pen, Pam commenteak f&ally
helpful because they explain it step-by-step.” Similarly, Rachel reshatixeut the smart pen,

“If I get confused on a problem, I'll watch that and it works. That helps me out a fahe®wo
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remaining participants that did not initiate a response involving the smart ipger Gtated that
she did go online and look at the smart pen documents. Lindsey stated that she did not view any
documents.

The researcher then asked participants how often they viewed the smart pemtgcume
Valerie stated, “Those things are pretty neat. | get on there sometime®kiid lcan’'t
understand. If | forgot how she did a problem, I'll go back and like relook at it. And itty pre
easy.” When asked how often she looked at the smart pen documents, Rachel repliedy‘Probabl
just about every time | do my homework. If I have one that gives me trouwdieays look at it.”
Ginger reported, “Maybe once or twice, like every other week, as | got feahsts or as | did
homework and stuff. Not every week, but a lot.” In response to how often she used the
documents, Pam stated the following:

Well, I've only looked at it once and that was really just to show my mama leccaas

So excited about it. But it's a lot like the [online homework] when you click the [video

feature] for it to explain it to you. It's a lot like that.

The final questions of the interview asked participants if they took this class agald
they have any suggestions that might increase their understanding of thalntateri
participants from this group indicated that they were satisfied with the cdlogmrticipants
made suggestions regarding smart pen technology or any other technologidauool
participants from the treatment group replied that the class was “good” theldtad no such
suggestions. Only one participant, Rachel, made a suggestion that might improve her

understanding and it regarded the need for more explicit directions on the inxelarss e
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Summary of Findings from Treatment Group

When questioned about their attitude towards mathematics, the majority of the five
interview participants responded that they liked the subject of mathematcklition, all five
participants felt positive about their ability to do mathematics. In both casesy&gunost
participants did not attribute this attitude or their ability to do mathematibg tmourse in which
they were enrolled.

Every participant in this group responded that a technological tool used in theartass
interested or intrigued them. Of those responses, three participants initiaggmase that
included the online documents with smart pen technology. Four out of the five students
responded that they did view the smart pen documents. Most participants from this group
responded that they viewed the documents during the time they did their homework or in
preparation for the test in an effort to improve achievement. Thus despitduhetiareject
hypothesis 1 regarding participants’ mathematics achievement, panti continued use of the
technology leads one to believe that they perceived it as useful.

Participants from this group also seemed to be satisfied with their undengtanthe
course. When asked if they could make any suggestions to increase understandirigokthey
the course again, most participants stated they could make no suggestions. Onlympanpart
made a suggestion and that involved the need for more explicit directions on iteslas$able

3 summarizes the responses given by participants from the treatment group.
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Table 3

Summary of Qualitative Findings from Treatment Group

Participant Like Attitude Ability Ability Resource  Viewed Made
Math Changed To Do Changed Included Online Suggestion for
Math Technology Documents Understanding
Lindsey Y N Y N Y N N
Ginger Y N Y N Y Y N
Pam Y Y Y Y Y Y N
Valerie N Y Y N Y Y N
Rachel Y N Y Y Y Y Y

Note.Participant responses have been categorized for each question and are degignéats
and N = No.

Control Group

The five participants interviewed in the control group were Matthew, Janessa, John,
Shikha, and Dustin. Using the same interview protocol, the researcher firsoioeest
participants about their attitude toward the subject of mathematics. Thtiegopats stated that
they liked the subject of mathematics. One participant, Shikha, replied, T\Wield] of like it. It
comes easy to me. It's natural kind of. | can learn it really fast. And | deadly/istudy for my
tests.” John responded, “It's good for most cases, but it's very confusing. Jasséduere are a
lot of numbers involved, depending on where you go with math.”

Two patrticipants from the control group gave a clear response that theultif
performing mathematical procedures affected their attitude towardsmatbe When asked

about how he felt toward mathematics, Matthew replied the following:
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It's so hard. (laughs) It is difficult. It does not click with me very wehdAt just takes
me a little bit longer to absorb the information. Most people just get it one time and
they're done. | don't. It takes me forever.
In response to the same question, Janessa said that she had never liked matrehtaticshe
was not good at performing mathematics; however, since starting collegerbment in
developmental courses had improved her performance and her attitude towardatieshem
The researcher then questioned each participant regarding if they fedittitede had
changed since they began the course. Similar to the treatment group, three oysatitGigants
responded that their attitude toward mathematics had not changed since thbegamnsd he
other two participants indicated there had been an improvement in their attitwzold tbev
subject of mathematics. In response to whether her attitude had changed sirexezhbest
current mathematics course, Janessa stated the following:
Well, I've never really liked math. But | had you in the beginning [refertniipe
interviewer as the instructor for the student’s developmental coursestts@llyagot to
learn because | actually didn’t learn that much in high school. So I've gogealto go
through and learn it all. So I'm getting it. | like it a little bit better.
The other student, Dustin, responded, “Well, it definitely has come to a new approacls and thi
has changed my perspective on looking at mathematics more objectively now.”
Participants were then questioned about their ability to perform mathemiatio
participants from the control group gave a negative reply. Matthew stitefustrating.
Because I'm a physical education major and it doesn’t make much sense gd toawd to
know the quadrant of something, or anything like that.” Janessa stated, “It's ngretduiat

(laughs) Yeah, it's not that great. I'm not gonna major in that.” Two more ipartis from the
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group gave a moderate response. John reported that he felt his ability was atighlyaverage,
describing it as five and a half on a scale of ten. In reference to his skilts) Rgponded,

“Still lacking, but improving.” Shikha was the only participant from this group whe se
described her ability as adequate, stating, “I think | feel okay. | meash pvoblems are hectic
for me. But I'm okay with it, | can do pretty good.”

When questioned if their ability to perform mathematics had changed since tey sta
the course, four participants indicated they had always felt that way. Thstodént who had
reported that their ability to do mathematics had improved was John, who had imtalgted
that he was not confident in his ability in the beginning. In response to whether he &ty
had changed since he began the class, he stated “Well it has slightly. érstggter, I've
progressed. That's the best | can say about it.” Thus most participantsifedbihiy to perform
mathematics was not impacted by the course in which they were curnenatige.

The next interview questions regarded the instructor’'s use of resourcaspatdi
responses included various classroom tools other than the online documents. &imgar t
interview process of the treatment group, if the student’s response did not incladksrabout
the posted online documents, the student was then prompted by the interviewer about their
utilization of the documents.

Only two participants initiated a response that a technological tool used iagheom
interested or intrigued them. Of these two responses, only one involved the online cagse not
Janessa replied, “Um, she does the notes, the notes online, or whatever.” The other response
centered on the use of the digital projection device used by the instructor dursngastas
lectures to both groups. One recurring subject from control group responsegjteetitisn was

the participants’ focus on the instructor. The three remaining responsssdseefocus on some
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aspect of the instructor’s personal nature, her teaching style, helpfudatitr jovial
personality.

The researcher then questioned participants concerning how often they viewslihine
documents. Of the three participants from the control group that stated thegwdithgionline
documents, two reported they used them to complete their in-class note takihgvitagorted
the following:

| look at them. And those do help, when | see the way she works the problem in class.

We're writing, and writing, and we’re trying to get to the next problem becaesonly

have the time period. When | go back and look at it, | try to go step by step siatil/lly

understand it.

Similarly, Janessa stated the following:

I'll sometimes go and check. Which | take notes in class, | do exactly hikke she does.

That way | can go through and look and if | need to, | get on the internet and look at it if |

missed anything.

John reported that while he did go online and view the documents, they were not helpful because
they did not seem to match the notes. Of the two participants who did not view the documents,
Shikha stated she did not go online and view any of the documents because she was in class and
able to get all the notes. Student responses from the control group seemed to fbeus on t
documents as assistance for note-taking.

The final questions of the interview asked participants if they were tohiskeourse
again, would they have any suggestions that might increase their understRedimgnses from
participants in the control group indicated that they were dissatisfiadheir understanding in

the course. All five participants in this group made a suggestion that they felt wqoutal/e
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their understanding. All suggestions were improvements the student, rather timestrtiogor,
could do to improve their performance. One student, who was repeating the couid¢hstate
following:
This year, I've moved to the front, in front of her. And that's helped me a lot to
understand it because I'm closer to her. And | pay more attention to her becan%e
fall asleep in front of the class. That can help. But I'm actually doing thie, Wik the
[online homework], and the extra homework out of the book that is not required is a big
help.
Another student who was repeating the course gave a similar response, “@bahblpipaying
attention. Which, this year, | paid attention a lot more. That was probably my probfere.
But | pay a lot more attention.” Other participants’ suggestions involveagtake time to
practice more or taking practice tests before the unit of instructionstQdent reported that she
would take more notes accurately.
Summary of Findings from Control Group
Three participants from the control group stated that they liked the sabject
mathematics; however, two participants stated they did not like the subjedheimaéics. In
response to the same question, most students included a statement regardibdity&ir do
mathematics in their response. Only one participant responded that hewveadsliglequate.
Other participants responded that their ability was moderate or gavataveegsponse to their
ability to do mathematics. Similar to the treatment group, most students did ibot@tineir
attitude toward mathematics or their ability to do mathematics to the causdech they were

enrolled.
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When asked if any of the instructor’s resources patrticularly interestettigued them,
the majority of participants focused on the instructor’'s personality rdtaertéchnological
resources. Only two participant responses’ included a technological tool used astrear.
While most participants did go online and view the documents, participants seemézet dheti
online documents strictly as a resource for completing the notes taken in class

Participants from the control group seemed dissatisfied with their undbngtam the
class. All five participants made suggestions for improving understanding. Thgessions,
however, focused on study habits that the participant could employ that would leaatéo gre
understanding, rather than any change in resources from the instructor. Tabshmary of

student responses.
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Table 4

Summary of Qualitative Findings from Control Group

Participant Like Attitude Ability Ability Resource  Viewed Made
Math Changed To Do Changed Included Online Suggestion for
Math Technology Documents Understanding
Matthew N N N N N Y Y
Janessa N Y N N Y Y Y
John Y N Y Y N Y Y
Shikha Y N Y N Y N Y
Dustin Y Y Y/N Y N N Y

Note.Participant responses have been categorized for each question and are degignéats
and N = No.

Summary of Qualitative Findings

In summary, many participants’ responses regarding their attitudesltovainematics
included a statement about their ability to perform mathematics. The typafoparticipants in
both groups did not attribute their attitude toward mathematics or their abipgrtorm
mathematics to the course in which they were enrolled. There were patsgypasent in each
group, however, who did feel that their attitude towards mathematics any tgérform
mathematics improved since they began the course.

Participants from the treatment group appeared to focus more on their ingrustoof
technology in the classroom as a resource than participants from the controRgudigipants
from the control group appeared to focus more on the instructor’s personal tesiglangther
than technological tools used in the classroom. There also seemed to be a distiantdiin

the way participants from each group employed the online documents. When quedtarted a
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their use of online documents, participants from the treatment group used the onlinerdscum
as an aid for completing homework and test preparation. Participants from tlo¢ ganup
focused on the online documents as a supplement to in-class note-taking.

Participants from the treatment group seemed to be more satisfied with their
understanding gained in this mathematics classroom than participanthi&aontrol group.
Given the opportunity to take the course again, every student from the control group made a
suggestion for improving his or her understanding in contrast with only one student from the
treatment group. Participants from the control group focused more on their pstadgdnabits
as the key to improving understanding rather than resources provided by theansiuah as
online course notes.

Chapter Summary

The results from the quantitative analysis of hypothesis 1 showed that tbhetor&ruse
of smart pen technology did not affect participants’ mathematics acheeweifhe results from
analysis of hypothesis 2 revealed that there was not a significaneddéem the distribution of
student views of online course notes by the existence of smart pen documents fdaronatruc
use. The third research question was investigated by qualitative methodsliAgdo responses
from student interviews, participants from the treatment group seemed to forismihe
instructor’s use of technology than participants from the control group. Partidipgantsach
group also seemed to utilize the online documents in different capacities. Thigynoéjor
participants from the treatment group employed the documents as an aid for icgmplet
homework and preparing for in-class tests. In contrast, participants from tha gootp
seemed to focus on the documents as aids for completing in-class notes. Respmnses al

indicated that participants from the treatment group seemed more datigheheir level of
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understanding achieved in the course than participants from the control grougoliothieg

chapter, recommendations and implications for the study will be discussed.
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CHAPTER V: SUMMARY, DISCUSSION, AND RECOMMENDATIONS
Introduction
The current state of mathematics education has given educators causedolsesdy
which may be used in the mathematics classroom to improve student performance (NCES
2009). Studies have shown a positive relationship between the use of technology and student
attitudes in the classroom and a connection between student attitudes and achievégraent i
mathematics classroom (Higbee & Thomas 1999; Lee & Chen, 2010). This stpidyediboth
gualitative and quantitative methods of research to investigate the effactsaaintly released
technology, the smart pen, on the achievement and attitudes of community college student
enrolled in a College Algebra course. This chapter consists of a summarystafdiiediscussion
of findings, implications of the findings, and recommendations for future oksear
Summary of the Study
The purpose of this quasi-experimental, mixed-methods study was to invetstegate
impact of the instructor’s use of smart pen technology on the mathematics a@néeaeoh
attitudes of College Algebra students in a community college setting. Gidisilized a
nonequivalent control-group design. The three research questions which guidadithigest
the following:
1. Do achievement scores of College Algebra students in a community collegg se
whose instructor utilizes smart pen technology differ significantly fronilasi

students whose instructor does not utilize smart pen technology?
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2. Is there a significant difference in the frequency of student views of onlingecour

notes between class sections with and without smart pen documents available?

3. What attitudes are characteristic of classrooms with and without insteuag®@ of

the digital pen?

The first two research questions were used to formulate null hypotheses wrech we
analyzed quantitatively. To analyze the first hypothesis, pretest andspaktta were collected
from 54 participants to evaluate if smart pen technology had an impact on studenéshatecs
achievement. The second hypothesis used data collected by the online communatdion pl
to determine how often the 81 students enrolled in both sections accessed online documents
posted by the instructor. The third research question was explored usingigeatiethods. The
researcher interviewed five participants from each group about theidestiand perceptions
regarding mathematics and the mathematics course in which they wetederogir responses
were analyzed using open coding to determine if there were any trends or cdites@mong
responses.

Discussion of Findings

To evaluate hypothesis 1, pretest and posttest data from participants in bothagrmips
analyzed using the ANCOVA test. Results showed that there was no sigrdiitéar@nce in
mean mathematics achievement scores by instructor’s use of the smarapensasictional aid
when controlling for pretest scores. While the results of this study did not shioiweha
instructor’s use of smart pen technology improved participants’ mathemetiiesement, they
did not indicate that the instructor’s use of smart pen technology was a hindraagéctpgmts’

mathematics achievement. These results are aligned with resedimbd concerning the use of
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many forms of technology in the mathematics classroom, such as calclitogtdn, 2006)
and computer algebra systems (Hong et al., 2000).
In considering this finding, the lack of significance in participants’ nma#teal
achievement is not surprising given that both groups received nearly idemtoattion. The
pen was not used as a primary source of instruction but rather a supplementakrdsat was
available to students outside of class. In addition, this lack of significancéhisrfakplained by
participants’ overall failure to utilize the online documents. Data reveladao single online
document was accessed by more than 13 students from any one class. The avdragefnum
views per available document was 5.6 for the treatment group and 4.6 for the control group out
of approximately 40 registered students per class who had the ability te Hozd®cuments.
Although it involved a different technology, similar results were found in a studghwhi
analyzed the study habits of college students enrolled in an Intermedjate@tourse at Boise
State University (Belcheir, 2002). A survey questioned 734 students about their use of a
supplemental video lecture series which was available to students throudpnahe Although
in different formats, this resource shares many characteristitsmert pen technology, such as
audio and transmission of symbolic representation capabilities. The use o$thicceswas also
optional. When questioned if they found this resource helpful, 77.5% of students responded “not
applicable.” Therefore, students may not perceive voluntary supplemental resshice
reiterate instruction presented in the classroom as necessary for impratimgmatics
achievement. This idea was echoed by a participant during the interview. Tibipgatstated
that she did not view the online documents because she received all the notes in class.
This lack of utilization seemed to be characteristic of both groups. To evalaithesis

2, the online communication platform was used to track the number of student views of online
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documents in both groups. Results of the chi-square test indicated there was nausignific
difference in the distribution of student views of online course notes by theneristesmart
pen documents for instructional use. Therefore, the existence of documents withesmar
capabilities did not increase the perceived usefulness of the resource tditheapés.

The third question was investigated by conducting interviews about partgiptittides
toward mathematics and use of the online documents. Recognizing the low numbers of
participants who actually utilized the online documents, one must conclude thatspenses
could not be considered representative of the group. These interviews, however,alid reve
similar dispositions among participants from the same group. When contragtedsponses
from the control group, responses from participants in the treatment group iddictthe
instructor’s use of smart pen technology caused participants to focus on teatalatoms that
were being used in the classroom. There was also a distinct difference inrkiojpgrds from
each group utilized the online documents. Participants from the treatment grougezhiptd
documents for assistance with completing homework or for test preparation. Irsgontra
participants from the control group viewed the documents as assistance jpbetougtheir in-
class notes.

Participants from the treatment group also indicated that they were mefiedatith
the level of understanding attained in the course when compared with participantbdr
control group, who all indicated they had suggestions for improving their understandiiigr Sim
results regarding students’ satisfaction were reported by a studly iwliestigated the effects of
the presence of an online archival system of video lectures and in-clasemetadents’
perceived performance in college mathematics courses (Casaaglak, Abrams, & Durham,

2008). In this study, 51 participants enrolled in mathematics courses with tcoetise
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lectures that featured both visual and audio capabilities completed a suejmgdgheir usage
and satisfaction of the online archival system. Results of the study showed tilcgigrdas with
access to an online archival system of video lectures and class notes had impravethpeef
perceptions and overall experience in the class.
Recommendations and Implications

In A Research Companion to Principles and Standards for School Matherkhdibsrt
(2003) stated that the best way to draw conclusions concerning issues like thealsdatbes
in the classroom was to analyze the trends of many studies regardingéhéle wdso stated
that no single study would provide the evidence needed to make a conclusion regadirsg the
in the classroom. He noted that decisions regarding curriculum and pedago@wesie
tentative and subject to change with new information and changing conditions. $ijrthiarl
study did not provide a definitive answer as to whether smart pen technology should ive use
the classroom. There are, however, implications from this research that shpgotiowing
two recommendations.

The first recommendation is that the study should be replicated with langplessizes
to validate its findings. If future studies provide similar results, the impdic would be that
educators should give careful consideration before implementation of instructiercdlamart
pen technology as a tool for increasing student achievement. While this tectaldiog has
many helpful features, such as assisting students with note-taking and prawdeams for
communication with absentee students, it could not be relied upon to increase students’
mathematics achievement as defined in this study.

The second recommendation would be to replicate this study with students enrolled in a

course format which required the use of the online documents. Although the vastyrodjorit
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participants did not utilize the online documents, qualitative findings revealeahdisat

interview participants who did utilize the smart pen documents had a more productive
disposition and greater overall satisfaction with their level of understaattaiged in the

course. If required student utilization confirmed that the instructional useaof pen

technology improved student attitudes and satisfaction with the course, thatmpligould be
increased student engagement in the classroom due to smart pen technologyh Rasesdrown

a significant link between student attitudes and achievement in the mathetaagosan

(Higbee & Thomas, 1999; Ma & Kishor, 1997; Muis 2004). Therefore, if the qualitative findings
were confirmed, there is still a possibility that smart pen technology aopiebve students’
mathematics achievement.

Suggestions for future research would be to modify this study to analyzeatensHip
between individual student performance and the number of individual student actesdee
documents. These results would provide stronger evidence of the relationship beéveen t
instructor’s use of smart pen technology and students’ mathematics achievestenild also
be noted that the instruction and assessments utilized in this study did not evalugpéuabnc
understanding. Therefore, conclusions could not be made regarding the relationshem betwe
smart pen technology and students’ conceptual understanding.

In addition, it should be noted that the current College Algebra course is designed to be a
review of many topics taught in students’ high school mathematics courses. Thdhef@tudy
should also be replicated with other courses where students are learning hematiatl
concepts. Studies in other content areas should also be investigated to determpenitide an

impact in other disciplines. If studies are conducted that address the afoos@méndieas, the
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resulting database of research regarding this tool will give educagicaditioners a better idea
of how smart pen technology would be utilized most effectively in the classroom.
Chapter Summary

The purpose of this study was to investigate the effects of smart pen techookbgy
mathematics achievement and attitudes of community college students iege@dtebra
course. Results of quantitative analysis found that the existence of smart penrdedalicheot
impact students’ mathematics achievement. Results also revealed thastérece of smart pen
documents did not impact the number of times students accessed online course noteafResult
gualitative analysis, however, indicated several recurring themes whicfy signneed for

future research regarding the impact of smart pen technology.
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APPENDIX A

Mathematics Achievement Test-Form A

Student ID: Class CRN:

1. Find the midpoint of the line segment with endpoi@}2, 3) and (—4,-5).

(@)@1,-9) (b)(-1,-4) (c)@,4) (d)(-3,-1) (e) None of these

2. Determine the length of the line segment with endpairgs—5)and (7,—11).
(a) 12 (b)2/34 (€)2J13 d)+/356 (e) None of these

3. Determine the x- and y-intercepts of the grapxef3y* - 9.

(@) (-9,0),(0,3),(05 3 (b)(-9,0),(04/3),(0-/ 3
(c) (O,—9),(\/_3,0),6\/_3,0j (d) (-9,0), no y-intercepts (e) None of these
4. Determine the domain of (x) :i.

2x-1

(@) {X

5. Determine the domain of the functidi(x) = /8- x.

x%} (b) {x|x2} (c) {x

x>%} (d){x|x=3} (e) None of these

(@) {x|x=8} (b){x|x>8} (c){x|x<-8} (d){x|x<8} (e) None of these

6. Which one of the following shows a portion of the graph/@:f‘x+ 2|—4’?
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7. ldentify the interval over whicf (X) =|x—4|—| x+ 5 is a constant function.

(@) (-o0,—4]and5,0)  (b) (—o,-5]and4,x)
(€)(—,5] (d)[-5, ) (e) None of these

8. Determine the symmetries gf = x.

(a) symmetric to the x-axis (b) symmetric to the y-axis
(b) symmetric to the origin (d) a,b,and c (e) None of these

—Xx’ 2 if
9. Find P(2), given thatP(x) = X I X<S
x> —x—-1 ifx> 5
@0 (b) 8 (c) 4 (d) -2 (e) None of these

10. Find the maximum or minimum value of the quadratic function given by
f(X) = -3(x—1) + 4.

(@) 4, minimum  (b) -4, minimum
(c) 4, maximum (d) -4, maximum (e)None of these

11.A linear function has a slope 8fand passes through the po{a#d,—6). Which of the
following is the slope-intercept equation of this line?

(@) y=2x+8 (b)y=2x-2

(c)y=2x+2 (d)y= % X—8 (e)None of these
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12.Use the method of completing the square to write the quadratic equation
f (X) = —x* —6x—5in standard form.

(@ f(X)=—(x+3y°+4 (b) f(x)=—(x-6)*+31
(©) f(X) =—(x-3)° +4 (d) f(¥)=—(x-6)*-5 (e) None of these

13. The distance traveled by a ball rolling down a ramp is gives(by= 3.5t*, wheretis
the time in seconds after the ball is releaseds{tjds measured in feet. Evaluate the

average velocity of the ball over the time inter{4aD, 1.3.

(a) 3.5 feet per second (b) 5.45 feet per second (c) 7.25 feet per second
(d) 8.75 feet per second (e) None of these
2x+3y=16
14.Solve the systern{ i y7 What is the value of in the solution?
y= X+
(@) y=-4 (b) y=4 (y=2
(d) The system is inconsistent, there is no solution (e)None of these
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APPENDIX B
Mathematics Achievement Test-Form B

Student ID: Class CRN:

1. Find the midpoint of the line segment with endpoif#2,—1) and (3,-5).

(a)(%,—B) (b)(—g,—B) (©)@,-3) (d)(@1,-6) (e) None of these

2. Determine the length of the line segment with endpdi®s—7)and (-4,5).

(@) 24/10 (b)4/2 (€)14 (d)2y/37 (e) None of these

3. Determine the x- and y-intercepts of the graptxef2y” —8.

(a) (_870)’ (01_ 2)!(0!2 (b)(—8,0),(0,2 )1(01_ 2
(c)(0,-8),(2,0),£ 2,0 (d) (-8,0), no y-intercepts (e) None of these

4. Determine the domain of the functidi(x) = v6- X.

(@) {x|x>6} (b){x|x< -6} (©){x|x= -6}
(d){x|x< 6} (e) None of these

5. Determine the domain of (x) :i.

2x—1
(a) {x

x%} (b) {x|x=2} (c){x

x>%} (d){x|x=3} (e) None of these
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6. Which one of the following shows a portion of the graph/@:f‘x— 3|—2’?
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7. ldentify the interval over which (x) = —3|x—]|+ 4 is a constant function.

(@) (-o,-1] (b) [1,0)
(€)(—»,1] (d)[—o0, ) (e) None of these

8. Determine the symmetries of = y*+1.

(a) symmetric to the x-axis (b) symmetric to the y-axis
(c) symmetric to the origin (d) a,b,and c (e) None of these

—x? 2 if
9. Find P(-2), given thatP(x) = XX I X<S
x> —x—-1 ifx> 5
(@ -4 (b) 4 (c) -7 (d) 8 (e) None of these

10. Find the maximum or minimum value of the quadratic function given by
f(x) =0.5(x+ 1f — 2.

(b) 2, minimum  (b) -2, minimum
(c) -2, maximum (d) 2, maximum (e) None of these

11.A linear function has a slope 8fand passes through the po{ntl,—2). Which of the
following is the slope-intercept equation of this line?

(@) y=3x-3 (b)y=3x+3

(c)y=3x+1 (d) y=%x+1 (e)None of these
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12.Use the method of completing the square to write the quadratic equation
f (X) = 2X* — 4x— 2in standard form.

(@ f(X)=2(x—2F-6 (b) f(X)=2(x-1"-4
(©) f(¥) =(2x-17 -1 @) f(¥)=2(x-1¢-2 (e) None of these

13. The distance traveled by a ball rolling down a ramp is gives(by= 3t*, wheretis the
time in seconds after the ball is released sfijis measured in feet. Evaluate the

average velocity of the ball over the time interf2/00, 2.0].

(a) 12 feet per second (b) 12.03 feet per second (c) 12.01 feet per second
(e) 12.05 feet per second (e) None of these

2x—-3y=15
14.Solve the syste 2 10 What is the value ofy in the solution?

=— X—
y 3
15 15 45

a) y=—— b) y=— y=—
(CYY 2 (b) y 2 ©y 2
(d) The system is inconsistent, there is no solution (e) None of these
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APPENDIX C
Interview Protocol

1. How do you feel about the subject of mathematics? Has that changed since yohibegan t
course?

2. How do you feel about your ability to do mathematics? Has that changedainoegan this
course?

3. Are there any resources that the instructor uses which particularly@trigngaged) you ?

4. Did you view any of the available online documents? Which ones? How often did you view
them?

5. If you had to take this course again, can you think of anything that might assiseasingr
your understanding of the subject material?
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