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ABSTRACT
Background: The state of lowa has seen a drastic increase in the number of schools
that provide one laptop for each student. These 1:1 schools have invested large
amounts of time and money into becoming a 1:1 school. The current research on
1:1 schools is sparse, and policy makers are actively trying to evaluate those
programs.
Purpose: To assess the effects of 1:1 laptop programs across the state of lowa on
time students use technology, integration of technology, and teacher competency
with technology.
Setting: There were 110 public high schools across the state of lowa that were
included in this study, and 37 of those were 1:1 schools.
Subjects: Data were collected for both the school and teachers. A total of 922
teachers at 110 schools filled out the survey completely and were included in the
study.
Research Design: Schools were initially identified for the study using propensity
score matching. A propensity score was generated for each school, and treatment
and control schools were matched based on their propensity score. Once schools
had been identified multi-level models were created for the three separate
dependent variables of interest in this study.
Data Collection and Analysis: Data on schools were collected from the lowa
Department of Education and the Common Core of Data. Teacher level data were

collected using a survey that was based off of a survey created by Hutchison and
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Reinking (2011). Each of the three research questions in the study was analyzed
with four separate multi-level models.

Findings: Significant differences were identified between 1:1 educators and their
non-1:1 peers. Teachersin 1:1 schools reported that their students used technology
more frequently, and 1:1 educators also reported higher integration scores. The
remaining finding indicated that 1:1 educators reported that they had higher
competency levels with technology than other educators.

Conclusions: This study demonstrates that a 1:1 program is one way for schools to
increase students’ access and exposure to technology. It also indicates that 1:1
schools appear to develop their teachers’ skill set with technology better than other

schools.
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CHAPTER 1: INTRODUCTION

Between the 2010 and 2011 school years, the number of 1:1 laptop programs in
the state of lowa nearly doubled. That growth put the number of programs in the state at
approximately 90 schools, which means that nearly 25% of the school districts in the
state of lowa have some type of 1:1 program. If the recent explosion irhgsoavty
indicator, it appears that number will continue to climb in the future.

Although there are multiple reasons for implementing a 1:1 laptop initidtige
certainly seen by most educators as a major transformation. Penuel (2eddplis
goals that are most common for schools transitioning to a 1:1 program. Each of these
reasons could stand alone as a major change initiative, and they are all of mohumenta
interest in education today. Those reasons included improved academic achievement
increased equity, increased economic competiveness of a region, and/or traugsfoemi
quality of instruction. If 1:1 initiatives help schools achieve these goalsy mill view
their 1:1 investment as worthwhile.

With the perceived benefits of 1:1 education, there are also concerns that exis
Some see providing one laptop for every student as a major expense and questions arise
as to whether the benefits outweigh the costs. Even some who have implemented 1:1
programs later dropped them because they did not see positive results (Hu, 209y). Ma
educators consider technology integration in schools in general as a failure.

Technologies such as film, radio, and early computers each entered educétigreatit
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hype and promises of transforming schools, but none did. The barriers that impeded
successful integration with those technologies may also potentially impedehools.

For many schools and educational leaders, a 1:1 program is their way to
drastically change the educational landscape. They see it as a wgytbdraie the
way that teachers teach and students learn. For some, a 1:1 progranisgvbei
bullet.” With all of these multiple perspectives and beliefs, it is importamiestigate
the true impact that 1:1 laptop initiatives have had on our schools, students, and teachers.

Statement of the Problem

Over the past three years, the number of 1:1 schools around the nation and, in
particular the state of lowa, has grown drastically. As school leadezsriede the
decision to move to a 1:1 environment, they have had to make major investments of time,
money, and other resources in the initiative. Although schools choose to become 1:1
schools for various reasons, schools expect change with such a major initiative.

Unfortunately, the literature on the topic of 1:1 programs is somewhat limited.
Much of the research has been on schools that are in the infancy stages of thain.progr
Many of the studies have also been limited to very small sample sizes, andviheylya
focused on certain aspects of a 1:1 program. The reported results from stoydaesiva
inconsistent results have been reported.

Purpose of the Study

The purpose of this study was to examine the impact the 1:1 initiative has had on
schools. State data were used to create a model that compared 1:1 schoolslaith sim
non-1:1 schools. Teacher surveys also were used to collect data to analyaasvhat

happening in classrooms. Survey results attempted to uncover the relationsbgnbet
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schools’ 1:1 status and student time using technology, technology integration, and teacher
competency with technology.
Theoretical Framework

This study’s design and research questions were connected to two frameworks:
Rogers’ Diffusion of Innovation Theory and the Technology, Pedagogy, and Content
Knowledge (TPACK). Both models were viewed as guides to follow when amgye
wide scale implementation of technology in schools.

Rogers’ Diffusion of Innovation Theory (2003) has been used widely by
researchers to analyze the implementation of various innovations. Technology iis school
can certainly be viewed as an innovation, and educators are trying to closelg aisalyz
impact and implementation. Rogers (2003) identified five stages to the adopitessr
Those stages are knowledge, persuasion, decision, implementation, and confirmation.
The knowledge stage simply involves gaining knowledge of an innovation. The
persuasion stage occurs when individuals develop a positive or negative view of that
innovation based on information gained during the knowledge stage. The decigeon sta
involves the choice of whether or not to adopt the innovation and during the
implementation stage the innovation is put into practice. During the confamstage,
individuals decide whether to continue adoption of or discontinue and reject the
innovation. Digital technology in schools is a unique innovation, and must be closely
viewed through this framework for innovation.

At its core, 1:1 implementation is a system-wide decision that isatiypiroade by
some type of school leader. For that reason, the decision whether or not to adopt a 1:1

program is essentially out of the hands of an individual teacher. However, the ways in
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which teachers use that technology can be analyzed through this framework. Withi
individual classrooms, teachers make the decisions regarding how theyhusdagyg
and the frequency with which they use that technology. The first two researclongiesti
in this study are measures of how teachers are using technology in the clasEhese
guestions essentially get at the confirmation stage of Rogers’ frarkéy measuring
the ways and frequency that technologies are being used. Although the otreoktage
this framework are equally important, policymakers are intently inetest the
outcomes from the wide scale adoption of technology in the classrooms.

The second theoretical framework for this study was the Technologag®&tpd
and Content Knowledge (TPACK) model, which posited the complex roles of - and
relationship between - technology, pedagogy, and content knowledge (Mishra &Koehl
2006). The TPACK framework is closely related to a model Shulman (1986) described
in relation to content knowledge and pedagogical knowledge. Shulman highlighted how
the focus in education had shifted from content knowledge around the turn of the century
to pedagogical knowledge around the time his article was published. Like things ofte
happen in education, Shulman saw this as a major shift from one extreme to the other.
His article highlighted a teachers examination from 1875 that was reswirlgly content-
focused compared to the focus in the 1980s, which was almost entirely pedagogically
focused. In a later paper, Shulman (1987) wrote about how effective teachersiblend t
content and pedagogy into an understanding of particular topics or problems rather tha
focusing on them in isolation. In that paper he described pedagogical content knpwledge
which represented the blending of content and pedagogy in order to effectively delive

instruction. Mishra and Koehler (2006) extended Shulman’s concept to apply to
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technology in education. Their TPACK framework focused on the importance of the
blending of technology, pedagogy, and content knowledge.

One very important concept of TPACK is understanding the relationships and
interactions between technology, pedagogy, and content knowledge (Harris, Mishra, &
Koehler, 2009). Like Shulman, Mishra and Koehler (2006) claimed that often the three
areas are isolated from one another. Schools, for example, may focusdtesisipnal
development solely on technology software and hardwHnat approach leaves teachers
ill-equipped to successfully integrate technology into their classroom. TAERP
model instead focuses on all three areas and, more importantly, the ways inhokech t
three areas interact with one another. Effective teachers are abéet¢éziusology,
pedagogy, and content knowledge together to deliver more effective irmtructie
TPACK model is essentially a model of effective technology integration.

The third research question in this study is central to the TPACK model. That
guestion analyzed the technology competency that teachers reported. The TPACK
framework asserts that technology knowledge is one of three important components
needed to improve technology integration. Holding pedagogy and content knowledge
constant, this model would predict that teachers with more technology knowledge would
do a better job integrating technology into their classrooms.

These two frameworks seem to naturally align with research around innovation of
technology in schools. Rogers’ framework is extremely relevant to anyrsatioas
around innovation, and the TPACK framework may be the leading model for technology
integration in schools. The research questions for this study aligned wehwtes

frameworks.
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Resear ch Questions

The following research questions were used to guide this study:

1. Do teachers at 1:1 schools report that their students use technuogy
frequentlythan teachers at non-1:1 schools?

2. Do teachers at 1:1 schools report that tinéggratetechnology differently than
teachers at non-1:1 schools?

3. Do teachers at 1:1 schools report higher levetsainology competentlyan

teachers at non-1:1 schools?

Significance of Study

This study on the impact of the 1:1 initiative on schools is significant for multiple
reasons. The current, but not unusual, mood in education is certainly that of reform. In
particular, many educators, politicians, and countless others are talkimgitng about
how we are inadequately preparing our students. Wagner (2008) wrote about the seven
survival skills that students need, but are not getting from schools. Many others have
thrown around the term “21st century skills” when referencing the things wiedmee
prepare our students to know and be able to do. For many, a 1:1 program has been the
tool to spark change. This study strived to identify whether or not 1:1 status heedresul
in actual transformation in schools. The research questions listed above should be of
particular interest to educators who are continually trying to move their sé¢bostsd
with the assistance of technology. The questions around time and integration are
evaluating whether or not 1:1 teachers are more likely to adopt technologyhirdhe t

research question relating to competency could be used as an indicator of whether 1:1
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teachers are more likely to be able to integrate technology effectivelgt baghe
TPACK framework.

The sample size of this study is also beneficial to educators and poleygnak
Much of the current research on 1:1 programs has been restricted to studiea withi
district or even a school. Results have been varied, and there is little consensus on the
impact of 1:1 initiatives on schools. Including nearly forty 1:1 schools in ty st
provided much better insight into the impact of 1:1 programs on schools.

Limitations

For the purpose of this study, the sample was delimited to schools that were not in
their first year of a 1:1 program. The teacher sample included teathbesselected
schools with email addresses that were available to the researcheaol &tministrator
data was limited to available information from the lowa Department of Eidoca

Like most studies involving surveys, this study had additional limitations.
Although methods were put in place to increase the response rate, therelveela ge
number of individuals in the sample who did not participate. This limitation potgntiall
impacted the study if those who responded were dissimitaeteest of the sample and
the population. Another limitation was there were not observations or surveystirem
groups such as students to validate the teacher surveys.

The study was also restricted to schools in lowa. Although this may have
potentially limited the generalizability of the study, it also incrddke ability to

generate comparable control and treatment groups.
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Summary

This study sought to inform policymakers and other educators about the impact of
1:1 initiatives on schools. The findings of this study should provide assistant®tbssc
as they consider transitioning to a 1:1 environment as well as highgjgidssible ways
to effectively implement a 1:1 program.

This chapter contained an overview of the study including the statement of the
problem, purpose, theoretical framework, research questions, significancestfdie
limitations, and definition of terms. Chapter 2 provides an overview of the Uiterat
reviewed for this dissertation. The review of literature is divided into thegerm
sections. The first section looks at the history of technology in education for tHépas
plus years. The next section is a review of technology integration in educatatly, F
the current research surrounding 1:1 schools is presented. Chapter 3 begins with a brie
overview of the study as well as a section with the research questions.niEnimg
sections in the chapter will include research design and methodology, population and
sample, data collection methods, survey administration, study variables, dasssanaly
limitations, and ethical issues. Chapter 4 is an overview of the results of tbtecatat
analysis. Itincludes data analyses for both propensity scores and thevaluttiodel
employed in this study. The final chapter includes a summary, discussion, and

suggestions for future research.
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CHAPTER 2: LITERATURE REVIEW
Introduction

The purpose of this study was to examine the impact 1:1 computing programs had
on schools. The review of literature is divided into three subsections related to how
technology has impacted schools. The first section is a review of the luktory
technology in education over the past 100 years, and common themes are identified. The
second section focuses on technology integration in schools, and includes a review of
barriers to technology integration as well as recommended solutions to thoss.barrie
The final section focuses on 1:1 programs, and in particular the outcomes that have been
found in those programs thus far.
Establishing common definitions

As noted in Chapter 1, a 1:1 school is simply a school that provides a take-home
laptop computer for every student within some grade span of the school systems As t
study attempted to analyze the impact of this somewhat new movement in@adutati
important to look back at the history of technology in education. In doing so,
establishing common definitions was essential. Although the terms “technaiody”
“educational technology” may seem somewhat straightforward, multipleitiais
certainly exist. One definition of technology by Merriam-Webster (n.dthis
practical application of knowledge especially in a particular ar€his broad definition
of technology could encompass almost everything in a school. The chalkboard, lights,
projectors, and computers all certainly fall under the umbrella of technologghérea
administrators, and other staff members also could be defined as technologthisnde

definition in the sense that they are part of the practical application of kageavle

www.manaraa.com



10

Unfortunately, this definition is so broad that it fails to adequately focus #riatlire
review.

A more content specific definition is much more appropriate for this study.
Various researchers have used the following terms to describe technology itoeduca
visual education, audiovisual instruction, instructional media, instructional technology,
educational technology, and instructional design and technology (Anglin (Ed), 2011,
Januszewski & Molenda, 2008; Reiser, 2001; Saettler, 2004). The changes in
terminology have been influenced by the changes in the uses of technology and the
development of the different types of technology that existed. Each of these term
certainly have a history of their own. For the sake of this study, the terratiecadt
technology was used along with the definition provided by Januszewski and Molenda
(2008) who wrote, “Educational technology is the study and ethical practice of
facilitating learning and improving performance by creating, using, amagnzg
appropriate processes and resources” (p. 1). This definition seems to best sacbmpa
early history of technology in education as well as the modern movements in technology
in education. It is important to note that this definition took into account both processes
and resources. This review of literature focuses on the major technolog\cessthat
have been and are currently in use in schools as well as the processes andntarriers
implementing those resources.

History of Technology in Education

After reading the definition above, it should become clear how expansive the

topic of educational technology truly is. With such a broad topic combined with the

extensive history of education, it becomes apparent that a comprehensiveafetie
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topic is not possible in this literature review or any one text for that mattstead, this
review focused mainly on educational technology from the 20th century agswell
technologies from the past decade. It was also restricted to those innovattdres/e
had the largest impact on education. As the various forms of technology are reviewed,
there were a couple of common themes that emerged. The first is that all of the
technologies were introduced with great excitement and hype as weleapectation
that they would revolutionize education. The second theme was that for the mdse part
technologies have not revolutionized education in the ways that many imagined, and
most did not see the benefits that had been envisioned.
Film: A technology that would transform education
One of the earliest and most exciting technologies of the 20th century was film
The excitement that accompanied film is very clear in a 1922 quote from Thalsas E
cited by Cuban (1986):
| believe that the motion picture is destined to revolutionize our educational
system and that in a few years it will supplant largely, if not entirely, thefus
textbooks. | should say that on the average we get about two percent efficiency
out of schoolbooks as they are written today. The education of the future, as | see
it, will be conducted through the medium of the motion picture... where it should

be possible to obtain one hundred percent efficiency. (p. 9)

Edison’s quote made clear that film was seen as having enormous possibilities

education. The history of film in education is a long one and can be traced back to 1910.

At that time, the first trend toward a separation of theatrical and nonitia¢ases was
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observed (Saettler, 2004). Cuban (1986) wrote that numerous studies in the 1920s and
1930s claimed that films motivated students to learn, but even with that evidence most
teachers used film infrequently in their classes fifty years alterfas introduced to
education. Eventually, film had given way to videocassettes and CDs, but the premise
had remained essentially the same. Film had allowed students the oppootlisigntto

an “expert” or experience an event or place that they would otherwise be unable t
experience. Although penetration of film, or some form of film had been slow, it has
finally been fully incorporated into most schools. Walking into a classroom,today
would almost certainly see a television or projector of some type. The NatiemtairC

for Education Statistics (2010) indicated that nearly 50% of teachers now ha@®aor L
DLP projector in their room, and that number is certainly growing. Like n@mnysfof
technology, the debate about the impact of film on schools persists. Saettler (2004)
contended that film has failed to reach its full potential as a medium of instracid

many educators would certainly agree.

Although separate from film, instructional television was another major
movement in educational technology. In this review, the two are grouped together
because today they have evolved and are non-distinguishable from one another.
Instructional television was a major movement during the 1950s, but by the 1960s much
of the interest for instructional purposes had disappeared (Reiser, 2001). Cuban (1986)
described the three ways in which instructional television was used in th®atass
Total instructional programs, which were extremely rare, occurred wherapregvere
viewed in small or large classes and the teacher simply acted as\assuper

Supplemental television instruction occurred when a teacher would preparg faicks
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video lesson and then follow up the video with an in-class discussion and assignment.
The third use was the television as a teaching aide, which would be most common to
what teachers do today. Teachers using television in this manner would simply choos
when and if to use the television. Classroom television saw widespread growvéltyparti
because of the very large financial support from the private sector witlorithe F
Foundation funding (Reiser, 2001). Eventually, instructional television has become like
film and the other technologies discussed in this section. It is simply atmbhéor
educators to use, but it hasn’t changed the look of education.
Theimpact of radio on education

Like film before it, radio moved into the education realm with much excitement
from some. Douglas (1987) described the ownership of radio stations as an epidemic,
especially with colleges and universities. He went on to describe how mdrosef t
stations did not survive long. The School of the Air (SOA) movement was the tool many
educators believed would transform education. SOAs were radio stations ¢éhed off
courses and/or instruction for students through the radio (Bianchi, 2008). The SOA
movement, which lasted from approximately 1929 to 1975, reached roughly 10% of the
nation’s school children and involved many teachers and children directly in radio
broadcasting (Bianchi, 2008). SOAs offered a wide variety of courses gffetud
students at all grade levels (Bianchi, 2008). Cuban (1986) wrote that by the 1950's,
television kindled the dreams of another group of educational reformers andhresehrc
journal articles on radio in the classroom had virtually disappeared. By the 1980s
research on instructional radio ceased, course offerings in radio instruction emntled, a

commercial networks closed their radio education departments (S&004d). Like
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film, radio failed to meet the dreams that many had for it. Radio for educatiopakpar
in K-12 schools in its original form is dead today. With the advent of new technologies
that easily incorporate video and images, it seems unlikely that there wailhlassive
rebirth of educational radio in the classroom.
WWII and themilitary: A model of using technology for education

World War 1l certainly played a role in the history of educational technafogy
this country as well. Because of the war, there was a need to train a massiveafumbe
military personnel as well as industrial workers. The challenge wastdiefily and
efficiently train large numbers of individuals with diverse backgrounds (R&&eL1).
Because of the intense demands for outcomes along with the extremely high lfinancia
resources, technologies were implemented as well as tested andhred€8aettler,
2004). Although the effect of films on the military is unclear, William &ligthe Chief
of German general staff went so far as to claim that the speed at whidmthducated
American soldiers was a major miscalculation during WWII (Olsen 8sB4982).
Many researchers claimed that the field of instructional technolog@ntega result of
the research of training devices from World War Il (Olsen & Bass, 1988).pdst-
World War Il audiovisual research programs were some of the first tofidpnticiples
of learning that could be used in the design of audiovisual materials (Reiser, Z0@1)
military continues to embrace technology, and many sectors of society Ihemefit
technologies that were first developed and/or used by the military. Theiwvitble
technology will most likely remain strong into the future, and that will likelgtinue to

impact technology in education.

www.manaraa.com



15

Computers. The new tool to revolutionize education
Computers were ushered into education with the hype and excitement of other
technologies. Seymour Papert (1984) best demonstrated the enthusiasm asel thiami
he and many had for computers when he said:
There won't be schools in the future...l think the computer will blow up the
school. That is, the school defined as something where there are clasbesstea
running exams, people structured in groups by age, following a curriculum-all of
that. The whole system is based on a set of structural concepts that are
incompatible with the presence of the computer... But this will happen only in
communities of children who have access to computers on a sufficient

scale. (p. 38)

This quote is not all that different from predictions made by researcliens ttn
their book,Disrupting Class Christensen and Johnson (2008) made the claim that by the
year 2019, 50% of high school courses will be delivered online. If that claim istagcura
it could drastically transform our schools. However, those predictions altehdta
different from Edison’s quote about how film would totally change education. The true
guestion is whether or not computers will be the real game changer that filop anadli
television were not, or if they will simply be the next hyped up piece of techntilagy
never gets fully implemented.

Although many people place the introduction of the computer in schools in the
eighties, the history of computers in schools can actually be traced tcetfiéitzd or

early sixties. Over the years, several researchers have studied the ndestisat
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computers have played in education. Their views have certainly changed and developed
as new computer technologies emerged and roles changed.

In 1982 Taylor and Chonack saw three important roles for computers in
education. They saw the computer as a tutor, tool, and/or tutee. The role of tuted refer
to computer assisted instruction (CAl) in which the computer teaches the student. The
role of the tool was a reference to how the computer could increase a stubliéityt’'soa
address academic tasks. The final potential use of computers was that of takee whi
consisted of students learning through programming. These uses were the preaaent
early computers were used.

Aslan and Reigeluth have identified three major periods of computer use in
education (2011). The major periods included the mainframe period that lasted from the
late 1950s to late 1970s, the microcomputer period from the late 1970s to the end of the
1990s, and the Internet period from the early 2000s to today. The first two periods they
identified are distinct because of the technologies used during the periongraMa
and “minicomputers”, which were both large and extremely expensive, were usegl dur
the mainframe period. Personal and microcomputers, which were much smaller and
more affordable, were used during the microcomputer era.

During the mainframe period, the federal government provided large anobunts
money to companies in an attempt to research the effectiveness of CAl meuyicinmas
TICCIT and PLATO (Saettler, 2004). Most of these CAI programs were sirapgdb
on the drill-and-practice model (Saettler, 2004). Even with the support of thelfeder
government, mainframe computers were never widely implemented in schootanRea

for the lack of infiltration included the extreme cost, limited number of software
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difficulty in using software in lesson plans and class, and the minimal expeteaahers
had using such software (Cosmann, 1996).

In the late 70s, the much smaller microcomputers were introduced in kit form
followed by the pre-assembled computers such as the Commodore Pet, Apple, and TRS-
80 (Aslan & Reigeluth, 2011). Microcomputers became popular particularly because
they were relatively inexpensive, compact enough for desktop use, anatiey c
perform many of the functions performed by the mainframe computers tbatipce
them (Reiser, 2001). The microcomputer, which is the type of computer we still use
today, have seen tremendous growth in use since they were unveilediystears ago.
Cuban (1986) reported that in 1984, 68% of schools had at least one computer for an
average of one machine for every 92 students. By 2009, the student to computer ratio
had become nearly 5:1 (Snyder & Dillow, 2011). The National Center for Edudationa
Statistics (2010) reported that between 1995 and 2008 the average number of computers
per school rose from 72 to 189.

Eventual uses for the microcomputer included tutorial CAl, drill and practice,
simulations, instructional games, hybrid designs such as problem solving and inquiry,
manipulation of text and graphics, programming, computer managed instruction or
administrative functions, super calculators, and information processing ¢5&2004).
Another use of microcomputers today is what Aslan and Reigeluth (2011) considered the
third period of technology use, which is the Internet.

The Internet has most likely encouraged the increase in the number of computers
in schools, and it has also changed the ways in which computers are used. In 2003

Taylor wrote a follow up to his 1982 book that listed the three important roles for
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computers as tutor, tool, and/or tutee (Taylor & Chonack, 1982). His 2003 article instead
used the verbs access, collaborate, communicate, and experience to descuipent
use of digital technology (Taylor, 2003). That is certainly a shift from 382 1ext.

Internet access has also increased drastically in schools in recent yeh995
only 8% of instructional rooms had Internet access, but by 2008 that number had
increased to 98% (National Center for Educational Statistics, 2010). That gerie re
also reported that the ratio of students to computers with Internet accessohas al
decreased form 6.6:1 to 3.1:1 from 2000 to 2008.

The Internet has almost certainly been the biggest game changer with asmpute
in schools. It has rapidly increased the number of computers in schools because
educators saw the power of the Internet. The Internet also changed thef typegs
that computers were used for at school. The future of computers in schools will
undoubtedly be directly related to the Internet.

Onlinelearning: Two power ful findings

Online learning is learning that takes place partially or egtoeér the Internet
(U.S. Department of Education, 2009). This definition selected for this litenauiew
was intentionally vague, and online learning can look very differedifierent programs.
The literature on this topic, therefore, is also extremely extensive, @addduld have
encompassed an entire literature review. Online learning includdyg totihe courses
as well as blended courses. Supplemental instruction as well as tutoriremsage
also considered types of online learning. There are also asynchronous and synchronous

programs as well as those that blend the two delivery styles. This review ditengita
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to address the wide field of literature surrounding this topic, but rather fodus ari
the major findings from the studies focused on online learning.

One of the clearest findings around online learning is that it is not likely to go
away like many of the other trends in educational technology. When reviewigeg thre
large reports published between 2007 and 2011, it became apparent that the growth in
online learning has been steep, and it appears that it will continue to grovariBiéci
Seaman, 2007; U.S. Department of Education, 2009; Watson, Murlin, Vashaw, Gemin,
Rapp, 2011).

The second finding focused on the impact of online learning. Although there are
many studies that are designed to address the successes or failures ofarniimg, fievo
meta-analysis studies gave a comprehensive overview of what theifgeaiat research
on the topic currently indicated. A 2009 U.S. government meta-analysis analgzgd a
number of studies relating to online learning (U.S. Department of Educatior), Z00®
study, which began with database searches that yielded 1,132 articles,lgventua
included 46 studies that met the rigorous criteria for the study. The findingshieom
study indicated that classes with online learning, whether completelg amliiended,
produced stronger learning outcomes than classes with solely face-tosiagetion. A
separate study looked at 65 published studies, 18 dissertations, and 13 unpublished
studies that analyzed and then compared both wholly online learning and blended
learning to face-to-face classroom instruction (Sitzmann, Kraiger a8tesv\Wisher,

2006). The study found that totally online instruction was 6% more effective atgachi
declarative knowledge than classroom instruction and blended instruction was 18% mor

effective than classroom instruction. The study also looked at procedural knowledge a
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found no difference between total online instruction and classroom instruction, but it did
indicate blended instruction was 20% more effective.

These studies as well as the trends in the number of online programs indicated
that online learning is one technology that is almost certainly here toAsayral and
even urban schools fight to provide robust curricula for their students, online learning
will almost certainly be part of that conversation. However, like moshtdabies,
online learning may look very different in various locations. For this reason, ttessuc
and failure of online learning programs may be very dissimilar in diftgprograms.
Overarching themes of technology in education

When reflecting on the growth of technology in schools, it is easy to become
complacent about the progress that has been made. Each of the aforementioned
technologies entered education with a great deal of hype and excitenienEdison’s
guote about film, similar statements were made for all of these technoldgpss would
agree however, that technologies have failed to greatly change educationcrides
still believe that education is lagging substantially when it comes to tegynote. A
report from the U.S. Department of Commerce (2003) ranked education as tbe lowe
technology intensive enterprise of the 55 U.S. industry sectors that were ranked. W
reviewing the history of technology in education above, many common problems were
observed. Most technologies were introduced with great excitement, but tedytdai
ever get fully implemented or drastically change education. Marhoeétbarriers to

successful implementation are discussed in the next section of this study.
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Technology I ntegration

The current study partially focused on how technology was integrated in 1:1
schools as opposed to non-1:1 schools. Many educators have differing views on what
technology integration is and what it looks like. Earle (2002) wrote that “Initegra
technology is not about technology - it is primarily about content and effective
instructional practices” (p. 7). Other definitions vary, but most viewed integras a
way to use technology to enhance learning: “Technology integration is hheing t
curriculum drive technology usage, not having technology drive the curriculum”
(Dockstader, 1999, p. 73).

Snider (1992) highlighted the history of the excitement and the results we have
seen with technology in the last 90 years:

From lantern slides to language labs, from closed-circuit television to

microcomputers, attempts to improve American schools with modern machines

have been something less than a resounding success. Beginning with the magic

lantern and the stereoscope of 1900, machines in the classroom have generated

some promise, a fair amount of controversy, and a great deal of hype. During

these 90-plus years, however, the basic acts of classroom teachingdmayedch

very little despite sporadic efforts at research and reform - with ahdwtit

machines. (p. 316)

In the previous section, a definition by Januszewski and Molenda (2008) was used

to explain educational technology. That definition, like most in the literature,

incorporated both teaching and learning into the definition. Unfortunately, the prgvailin
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public perception simply sees instructional technology as a synonym for compute
technology (Earle, 2002). Earle went on to note that such a misunderstanding has been
part of the problem with technology integration because the focus has been oncaccess t
hardware as opposed to pedagogy. Even as the amount of technology in schools has
increased drastically in recent years, true integration of technologydugsilaMany
school leaders and policymakers have focused their conversations on the technology
itself rather than also focusing on ways the technology can be used to transform.school
This disconnect has greatly impacted how technology has been integrated in.schools
Barrierstointegration

Even though technology availability has increased drastically in recars, ye
high-level technology use is still surprisingly low (Ertmer, 2005). Thave fbbeen
numerous things that have been identified as barriers to successful technology
implementation in schools. Those barriers can be identified as eitharfiestbarriers,
which are obstacles that are external to teachers or second-ordespatiieh are
intrinsic to teachers (Ertmer, 1999). This section investigated both typasriefrs as
they have had serious implications for the successful integration of technolaogy in a
school setting.

One of the largest barriers to integrating technology in education ésgineply
has not been an emphasis on teaching and learning when new technology was introduced.
Hennessy, Ruthven, and Brindley (2005) wrote that the increased investment in
technology infrastructure has not been matched by an investment in developingysew wa
of learning and teaching. Teachers have routinely been given technolbgyiwitnal

training. True change has also been slowed because many of the technoligesi
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have been top down policy initiatives. Teachers have not had input in the decision-
making, and haven't fully understood or supported the change. Not taking into account
teachers’ theories about teaching and learning, and the lack of input gredéyshi
integration (Mumtaz, 2000).

The context in which teachers work can also be a major influence on technology
integration. The teams that teachers work with, and the culture of those teah@s/e
great influence on their technology integration (Hennessy, Ruthven, and Brindley, 2005)
Other authors claim that the subject area in which a teacher teachesmaae on how
technology is used. Andrews (as cited by Hennessy, Ruthven, and Brindley, 2005)
reported that the “book-dominated” culture of English is a factor in resestarEnglish
teachers to use of new technologies. Selwyn (1999) contended that math ared scienc
departments embraced the use of technologies more than other areas because those
subjects have been the traditional domains for computers.

Personal factors associated with higher levels of computer use also plajed
in how technology was integrated. Becker (as cited in Hennessy, Ruthven, andyBrindl
2005) reported teacher traits such as openness to change and recognition of
transformative potential of using technology affected how technology wasatedgn
their classrooms. There were three other significant factors thataugr@ among
teachers who were more likely to give tasks using computer work to studensts. Fi
teachers whose pedagogy focused on a small number of topics covered in great depth
were twice as likely to assign computer activities. Secondly, teaclibrBws to eight
computers in their classrooms compared to teachers with limited accesataolaibos

were twice as likely to provide students with frequent computer experienicesly,F
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teachers who had greater technical knowledge used computers more (Becker, 2000).
Ponticell (2003) wrote, “conservative teacher and school cultures can makenghangi
classroom and school practices risky” (p 19). Straub (2009), who viewed technology
adoption through three adoption theories, stressed that successful facilitation of
technology adoption must address cognitive, emotional, and contextual concerns. These
concerns are often not addressed by school leaders. Barriers reportatdryaad
Ottenbreit-Leftwich (2010) included lack of relevant knowledge, low selfaffic

existing belief systems, and the context in which teachers work. In gesedrabls fail

to identify and deal with these concerns.

Lack of resources was another significant barrier for schools and teacheks.
of resources may be due to a lack of technology, access to available technmleggnd
technical support (Hew & Brush, 2006). Bauer and Kenton (2005) found that lack of
equipment was the number one obstacle teachers reported having to overcome.
Obviously, teachers who lack access to technology are unable to integrate tgchnolog
into their curriculum. A challenge for schools is to provide their teach#igegources
as well as training.

One of the most comprehensive reviews of the literature on the barriers of
technology integration was conducted by Hew and Brush in 2006. Their study reviewed
research between 1995 and the spring of 2006 and they found 123 different barriers in the
research. They were then able to classify those barriers into six megomes: (a)
resources, (b) knowledge and skills, (c) institution, (d) attitudes and beliefs, (e)
assessment, and (f) subject culture. These categories are listed in they dnder

frequency with which they were found. Each of the barriers listed above woutddall
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one or more of their categories. Hew and Brush (2006) go beyond simply looking at the
studies on the barriers; they also reviewed strategies to overcome thess.bdhe
next section of this paper focuses on some of those ways schools have been able to
effectively integrate technology.
Effectiveintegration

As schools invest large amounts of resources into technology, they want to ensure
that the technology is used in ways that benefit students. Unfortunatelye ataognt
of technology isn’t used in ways that enhance student learning. Even in mssrgpahas
where technology is used, it isn’'t being used in the ways that most benefit students.
Although research emphasizes technology use that supports inquiry, collaboration, and
reformed practice, many teachers tend to use technology for presentatiiaresof
learner-friendly Web sites, and management tools to enhance existingep(bietiris,
Mishra, and Koehler, 2009). Professional development was also of interest in this stud
because it has been found to have a direct impact on the success of a 1:1 program
(Drayton, Falk, Stroud, Hobbs, & Hammerman, 2010; Shapley et. al., 2010). This
section is a review of the literature pertaining to how to overcome the obhatacles to
technology integration as well as a particular focus on professional development.

One model for facilitating effective technology integration istRACK model,
which referred to a combination of technology (T), pedagogy (P), and content (C)
knowledge (K) (Harris, Mishra, & Koehler, 2009). The TPACK model stressed not onl
the importance of understanding each of the three components but also the sggndfcan
understanding the relationships and interactions between the components. Tagsisverl

often a weakness for many educators. They may possess appropriatearontent
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pedagogy knowledge, but they don’t have an understanding of technology. With that
lack of technology knowledge, they are unable to intertwine technology with their
content and the pedagogy that they use. Helping teachers gain a basiaodoiey ®f
technology may be an appropriate way to help teachers integrate technologglerito
help teachers gain basic skills, teachers need research-based togiporgynities to
practice skills, access to technology tools, and support frasherdslaip (Dawson & Rakes,
2003). This finding isn’t surprising, yet schools often fail to provide teachers vgith ba
training about the technology tools they are expected to use.

There have been other studies that have found interesting results in regard to
technology use in classrooms. One study indicated that there is a strong positive
relationship between teachers use of technology in the classroom and the goisstruct
practices in the classroom (Rakes, Fields, & Cox, 2006). School leaders shouldstake thi
into consideration when creating professional development. Encouraging argingrovi
resources to develop a more constructivist approach may help teachers use technology i
more meaningful ways. It may also help them genuinely change theheaykey think
about teaching and learning.

Cennamo, Ross and Ertmer (as cited by Ertmer and Ottenbreit-Left@idd), 2
wrote that in order for teacher to achieve technology integration thatstatgdent
learning, teachers needed knowledge that allows them to:

¢ Identify the technologies needed to support curricular goals
e Clearly state how the tools will be used to help students meet and demonstrate
those goals

¢ Allow students to use applicable technologies in all phases of the learningsproces
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e Select and use the appropriate technologies related to their own professional

development areas. (as cited by Ertmer and Ottenbreit-Leftwich, 2010)

Helping develop a high self-efficacy with technology for teachers nsayled a
powerful way to help them implement technology in their classrooms (Bauer &ikent
2005; Ertmer & Ottenbreit-Leftwich, 2010). Although this research is ogytai
interesting, it leads to the question as to how self-efficacy can be improveaer Brt
Ottenbreit-Leftwich (2010) identified numerous ways the literature ledeslf-efficacy
could be increased. Those strategies included:

e Giving teachers time to play and explore technology

e Focusing new uses on immediate needs

e Starting with small successful experiences to enhance confidence

e Time working with peers who are knowledgeable about technology

e Providing access to suitable models who use technology appropriately

e Participating in a professional learning community

e Designing professional development programs that are within the context of

teachers’ ongoing work (p. 261-262)

Professional development can be seen as one of the most important components
for any initiative, and technology is not unique. Unfortunately, in a review of the
literature on technology professional development, Lawless and Pell¢2000),
argued that overall the research is very weak.

Ertmer & Ottenbreit-Leftwich (2010) stressed the importance thatgsioinal
development programs include information about how new tools can be used in very

specific ways, within specific content areas. This finding alignel thi¢ TPACK model.
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Professional development should be designed in ways that allow teachers tbtmar
technology use in their specific content areas.

A review of literature by Hew and Brush (2006) found three significatbraéor
effective professional development related to technology integration. $h&abtor
identified was a focus on content. This is sometimes a controversial topic wiieig lea
professional development, as many educators believe professional develdpraéht's
focus on technology skills, but rather integrating technology into training. Eweew
however reinforced the idea that teachers must have some basic knowledge about
technology in order to effectively use it in their classroom. Snoeyink and Edoret f
that teachers did not see the value of technology integration until they had developed
basic technology skills (as cited in Hew & Brush, 2006). The second factor gssfidc
professional development was to give teachers opportunities for hands-on wak. Thi
factor certainly isn’t unique to technology, and is a strategy embraceciy
educational leaders. The final component they identified was that professional
development had to be highly consistent with teacher needs.

When schools move to a technology rich environment, it is natural to want and
expect major changes quickly. However, implementing change incrementgllyenaa
more effective way to ensure true change. Ertmer (2005) noted that when teclisology
involved, beginning with relatively simple uses may be a more productive wayrtgecha
teacher behaviors than expecting teachers to use technology to achieve high-end
instructional goals immediately. Too often, the tension that teachersifieany new

initiative can take away from the success of that initiative. If teacrel school leaders
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understand that radical change may not be immediate, the long -term benefits may
increase.

Professional learning communities (PLCs) have been a hot issue in educati
recently with many suggesting the power of PLCs for any organization. Technology
initiatives are no different. In order to continue to improve technology use, dexglopi
professional learning communities (PLCs) around technology may be\edf@étimer,

2005). The concept of building support teams certainly isn’t unique to technology, and
many schools have embraced PLCs as an effective way to move initiativasdfor
Hughes, Kerr, and Ooms (2005) recommend that schools establish technology inquiry
groups, which are a particular type of PLC. PLCs also align with many ofigigestions
from above. Developing content specific PLCs may help teachers learn to use
technologies that are most appropriate for their content area. Throughsiod tee

TPACK framework, PLCs can be a very effective way to address each ofdherthin
components of TPACK.

Schools today are spending a great deal of money on technology in their schools.
Unfortunately, even as new technologies make their way into the classrilens li
changing. Some technology simply goes unused, and other technology is not used to its
fullest potential. This section described many of the barriers to succiessfublogy
integration as well as ways to avoid those barriers.

1:1 Programsin Education

The focus of this study has been to analyze the impact that 1:1 schools have had

on various components of education. Unfortunately, the current research on this topic

has some limitations. Although forms of 1:1 programs existed over twentyagears
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(Dwyer, 1994), many educators still see 1:1 schools as a somewhat new phenomenon.
The amount and type of research on the topic has also lagged. Much of the research that
does exist comes from state reports or technology corporations that hatedainerest
in 1:1 programs. Even the research that is a bit more academic tends vetyasmall
sample sizes. A recent special edition ofxbernal of Technology, Learning, and
Assessmerfl TLA) exemplified this point. The special edition noted little published
research has occurred around 1:1 initiatives, and their journal was desidredol fill
that void (Bebell & O’'Dwyer, 2010). Some may see the JTLA special editioclaara
example of how little research exists. Only six articles were publishibe ispecial
edition, and two of those were literature reviews. The four remaining stowlig
analyzed a total of 33 1:1 schools. The largest one studied 21 1:1 Texas schools and the
others studies’ sample sizes were three, four, and five 1:1 schools (Bebell K8,
Drayton, Falk, Stroud, Hobbs, & Hammerman, 2010; Shapley et al., 2010; Suhr,
Hernandez, Grimes, Warschauer, 2010). The need for larger studies that involve more
schools is very clear. Stroud found that 67% of 1:1 studies focused on the time from pre-
implementation and the first two years of implementation (as cited in Drayin
2010). The present study did not include schools that were in their first year of
implementation because much of the literature has revealed greatex mase been
found after the initial year. The majority of 1:1 schools in this study will lyean two
of implementation.

In all likelihood, the earliest 1:1 program was the Apple Classrooms of Tomorrow
project that began in 1986 and actually provided students and teachers with two

computers (Dwyer, 1994). The reason for multiple computers was simply that at that
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time computers were too large and bulky to be easily transported. Even with arhyat m
today would view as very primitive computer technology, Dwyer (1994) reported
numerous benefits from the program for both students and teachers. Student benefits
included higher scores on achievement tests, increased wntingare effective writing,
increased productivity, more collaboration, more project based instruction, skxtrea
absenteeism (by almost half), and better organization. Teacher charigded:
changing the forms of interactions between students and between students amnsl teache
engaging students in higher order cognitive tasks, and questioning of old assumptions
about instruction and learning. The results from this initial progrk@re very promising.
Since that initial program, many more schools have become 1:1 schools. That
first program found numerous benefits, but various results have been reported by other
1:1 programs, and that impact is constantly up for debate. Some schools have gone so far
as to cancel their programs because of lack of evidence of improvements and many
wonder about the impact of 1:1 programs (Bain & Weston, 2009; Hu, 2007).
Policymakers want to know if becoming a 1:1 school is worth the investment and if it
truly changes their school. Weston and Bain (2010) have argued that 1:1 laptop
initiatives may go further than almost any other efforts to change schautsof Ehe
concern with 1:1 schools may be that there doesn’t seem to be one common “result” of
the initiative. The discrepancy in results may be do to that fact that th&ltdrnsimply
refers to access students have to technology, and it says nothing about pedagogica
changes, learning outcomes, or other educational practices (Bebell\éy€'[2010).
Peunuel (2006) claimed that most schools have focused on one of four outcomes when

implementing a one-to-one program. Those goals included improved academic
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achievement, increased equity, increased economic competitiveness of a redfmm, a
transforming the quality of instruction. The major benefits in the remaindbkisof
section focused on academic achievement, non-academic student outcomeshargl teac
behaviors. Although each of these sections are described separatelidiens that
each of the areas are interrelated.
Academic achievement

Academic results of 1:1 programs have been reported in nearly eaegnac
content area. Of the core content areas, the most frequent and most substarnsial repor
have been reported in writing. Maine, which implemented 1:1 statewide in theiemiddl
schools in 2002, has seen significant improvements in their writing scores ondstatew
tests (Silvernail & Gritter, 2007). Other studies have also reported the pasipisets of
1:1 programs on writing (Bebell & Kay, 2010; Gulek & Demirtas, 2005; Lowther, Ross,
and Morrison, 2003). With the relationship between writing skills and literacy, it isn’'t
surprising that others have also reported improvements in both writing andylg&iis
(Suhr, Hernandez, Grimes, & Warschauer, 2010).

The research on the impact in the areas of math and science is a bit meck limit
A study by Dunleavy & Heineck (2008) found that middle school students ina 1:1
program saw a significant increase in its science achievementiestoompared with
non-laptop peers. Shapley et al. (2006) indicated that the strength of a studests’ acc
and use of technology was a consistent positive predictor of a students’ readingland mat
scores, and students’ use of their laptop at home was the strongest implementation

predictor of reading and math state achievement scores. Othechessdave found
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that greater access to technology can enhance science education at both thandiddl|
high school-levels (Berry & Wintle, 2009; Siegle & Foster, 2000).

Other studies have looked at GPAs as performance indicators. Lei & Zhao (2008)
reported marginally significant increases in average student GPA whenraoygpa
group of middle school student GPAs longitudinally. A separate study found #rat aft
two years in a laptop program, students scored significantly better than gsiirpall
subject areas (Light, McDermott, & Honey, 2002).
Non-academic results

Although many critics of 1:1 programs worry about the distractions thiabevil
created with laptops, numerous studies have indicated that student engagemeassincreas
in a 1:1 setting (Bebell, 2005; Metiri Group, 2006; Mouza, 2008; Russell, Bebell, &
Higgins, 2004; Warschauer & Grimes, 2005; Zucker & McGhee, 2005). Bebell and Kay
(2010) studied the impact of 1:1 initiatives on five Massachusetts middle schols and
reported that teacher surveys indicated that student engagement and mahcadased
in the 1:1 setting. A study of 44 Texas middle schools reported significant impnageme
on two major indicators of student engagement (Shapley, et al., 2006). Intervibws wi
1:1 educators in Indiana revealed numerous benefits of their 1:1 program (Lemke &
Martin, 2004b). Those benefits included increased student and teacher engagement,
improved attendance, improved academic achievement, deeper cross-digciplinar
knowledge, and more in depth 21st century skills development. A state report from
Michigan reported similar results including increased student engagemprayed

attendance, and increased 21st century skills development (Lemke & Martin, 2004a). As
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well as seeing a positive impact on writing scores, Lowther, Ross, andsMo(A003)
also reported improvements in problem solving.
I mpact on teaching

A study on the impact of 1:1 initiatives in Florida, which were aimed at chgngin
teaching practices, also revealed some powerful results (Dawson, Cgivagau
Ritzhaupt, 2006). The study of 447 classrooms reported an increase in high student
attention, interest, and engagement and a decrease in the use of traditional imiepende
seatwork. Other changes included greater use of: project based learnimgrsteating
as coach/facilitator, cooperative/collaborative learning, indendent ingsegneh, and
high academic focused class time, with a decline in direct instructiont odeiserving
1:1 programs for over 10 years, Rockman (2003) found that teachers in 1:1 schools
lectured less and there was more individual and group project work. Othechesga
also observed increases in teacher collaboration in the 1:1 setting (Burns &Polma
2006).

Although the research on 1:1 schools is limited, positive results have been found
in a variety of different areas. The research above found positive results for botitsstude
and teachers. Much more research on 1:1 schools needs to happen in order to get a
clearer picture of how the programs are impacting schools. This study hopesdo add t
that body of research.

Summary

The literature outlined in this chapter as well as the framework in Chaptrel w

used to select the methods that will be described in the next chapter. The history of

technology in education described in this chapter identified the challenges argpskxiv

www.manaraa.com



35

with which technology has filtered into our schools. Even once more resourees wer
available, they typically haven't been integrated into classroonysnadl. Using Rogers’
model (2003), most of these initiatives would fall into the rejection area in the
confirmation stage of the innovation-decision process. This review also higlilgbiv

the research on 1:1 schools is also very limited and disjointed. All of thoses faeta
reasons for designing this study. Policymakers need to be able to make informed
decisions about 1:1 program implementation and the impact it couldrhthadr schools.

The history of technology in education may indicate that technology has not lived up to
its hype, and educators need to know if 1:1 programs are on that same path. This study

strived to help contribute to the literature around the impact of technology in educati
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CHAPTER 3: METHODOLOGY
Overview

The purpose of this study was to examine the impact 1:1 computing has had on
schools. This chapter communicates the methods that were employed to answer the
multiple research questions. The chapter includes sections about the resestrchgjue
research design, setting, population, data collection methods, study variables, data
analysis, limitations and ethical issues.

Resear ch Questions

The following questions were the main areas of focus for this study. The tools

described in this chapter as well as the methodologies used were seleatestlibey

appeared to be the most effective, plausible techniques to answer these questions.

1. Do teachers at 1:1 schools report that their students use technuogy
frequentlythan teachers at non-1:1 schools?

2. Do teachers at 1.1 schools report that tiéggratetechnology differently than
teachers at non-1:1 schools?

3. Do teachers at 1:1 schools report higher levetedinology competentlyan

teachers at non-1:1 schools?

It would seem apparent that teachers at 1:1 schools would use technology much
more substantially than those at non-1:1 schools. However, some recent research
indicated that the amount of time spent using technology at many 1:1 schools Ig actual
quite minimal (Project Red, 2010). As policymakers make decisions about moving to a

1:1 program, they want to know if and how much more students are using technology.
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Historically, access to technology hasn’t always resulted in substactiehses in the
amount of time students are using technology. The second research questionhmay be t
most important question in this study. Many educators want to koevtechnology use
at 1:1 schools looks different than at non-1:1 schools. Research question two addresses
whether or not technology integration is different at 1:1 schools. Both of thesensesti
can serve as ways to analyze whether or not technology had become a regafahpa
school environment. The final research question assesses the technologynpyoficie
level of teachers. This is important when reflecting on the TPACK framewdriwézsa
previously introduced. That model addresses the importance of technology, pedagogy,
and content knowledge, and the overlap of the three when using technology to enhance
instruction. This research question addresses technology knowledge which is one of
those three components. Building off that framework, it can be hypothesized that
increased competency would result in higher levels of integration.
Resear ch Design and M ethodol ogy

This study was designed to determine if a school’s 1:1 status impacted time
students use technology, teacher integration with technology, and teacher cosnpete
with technology, after controlling for other school and teacher chastatsri The
research design for this study consisted of two major components. Initialhgnsity
scores were used in order to minimize bias in the sample that could occur because 1:1
schools are self-selected. Propensity scores identified treatment arud sombols that
were similar to one another on multiple characteristics. Once the saawpldentified, a
multilevel model was used to account for the unique make-up of the data in this study.

The study took both school and individual teacher characteristics into account. That
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model provided an analysis of the impact of 1:1 initiatives on the various research
guestions.
Propensity score matching

The ideal research design for nearly any experiment would be a random
experiment. In a random experiment, the randomization of units guarantees that on
average there should be no systematic differences in observed or unobserved covariates
between units assigned to different treatments (D'Agostino, 1998). When a random
experiment is not an option, it is important to find a tool that will attempt to produce
similar results to what would be observed in a random experiment. In this study,
propensity scores helped the research design more closely researidera experiment
than many other models. Rosenbaum and Rubin (1983) defined the propensity score as
“the conditional probability of assignment to a particular treatment giventar
observed covariates” (p. 41).

In a perfect experiment, the control and treatment groups look identical in all
possible ways. If the goal of the research is to determine the impactafragnt on a
group, the researcher can simply apply the treatment to one group and theredbmpar
results from the control group to the treatment group. Any difference betwegro tips
can be assumed to be due to the treatment since all other characteristicsafgbke gr
should be nearly identical. That experiment could be represented by the following
formula, which simply identifies the difference between the treatmentamtgroups:

Treatment — Control = Treatment Effect
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Another way to consider a superior research design is to think about how a perfect
observational research model would be designed. If researchers were concerned about
the impact of treatment X on school Y, comparing school Y to itself would be ideal. The
term counterfactual is used to describe this thought experiment and this temfiretam
the Neyman-Rubin counterfactual framework of causality (Guo & Fraser, 2810).
counterfactual is the hypothetical result of what would have happened to school Y had it
not participated in the treatment. The treatment effect could be written as:

Treatment Y - Control Y = Treatment Effect

In this hypothetical model, a researcher considers what would have happened to an
individual in a treatment group had they not been in the treatment group. Essentsally, thi
would be a perfect research design because the study would actually comeaimentr
individual to that same individual as a control. There would certainly be no variation in
variables or omitted variable bias in this research design. Obviously, this modears
option, but it does help explain the rationale behind propensity scores.

The schools that are part of the treatment group (1:1) in this study have self-
selected to take part in the treatment. This can cause serious problemsaiahess.

Unlike the groups from the random or counterfactual experiments, it is almosgt teata
the 1:1 schools in the study are different in some ways from other schools. Comparing
the 1:1 schools in lowa to all other non-1:1 schools could result in false assumptions. In
the most simplistic way, that design would compare “apples to oranges.’edulits rcan
also be very misleading because what was found to be the impact of the treamhent

actually be due to other unmeasured variables.
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The goal of this study was to answer the research questions, which seek to find
the impact that 1:1 status has had based on teacher responses. Because amgidom sa
was not possible, propensity scores were used to match treatment and contrel school
Essentially, propensity scores seek to create a counterfactual schemttidreatment
school. Simply put, the study tried to compare treatment and control schools that looked
very similar to one another. The steps for generating and applying pryssusis are
introduced below, and described in more detail in the following sections:

1. Variables used to generate propensity scores were identified.

2. Variables were plugged into a logistic regression model in order to generate
propensity scores for each school.

3. Control (non-1:1) and treatment (1:1) schools were matched to one another.

4. Post-matching analysis of variables used to create the propensity so#res t

place.

| dentify propensity scorevariables.

Shadish and Steiner (2010) claimed that the most important factor in the
successful use of propensity score analysis was the quality of the messulés create
the propensity scores. The covariates that are selected should in some watgd¢ael
the treatment, and there should be an imbalance between the treatment and control groups
on these covariates (Fan & Nowell, 2011). If there is no imbalance between tisg score
there is no need to use propensity score matching (PSM) simply because the groups
already look similar with the covariates being used. Theoreticallyutdbe most
effective to identify those variables that can be associated with 1:1 stdtusethose

variables to generate propensity scores. Unfortunately, there i9adyaf literature
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that examines the reasons schools choose to implement a 1:1 program. Bedsuse of t
lack of literature, variables were identified in other ways. First, datacodiezted on
approximately 150 school-level variables. Those variables that contaigedtabunts

of missing data were removed from the model. Once data collection was wriple
tests were run to identify the group differences between 1:1 schools and non-1:1 schools
The t-test is a very basic statistical test that analyzes sigmnifdifferences between two
group means (Mertler & VAnnatta, 2010). The t-test identified all of thalvias that

had statistically significant differences in means. Those varialdesthen analyzed

using a correlation matrix. The correlation matrix was used so variablesetteahighly
correlated with one another could be identified. Rubin and Thomas (1996) cautioned
against including variables in propensity score matching that were highlyatedrlith

one another. After identifying the variables with high correlations, ardigtation was
made about which variables to exclude.

Once variables had been analyzed with the t-test and a correlation matrix, a
determination had to be made about which variables to include in the study. Those
variables that had statistically significant values on the t-test, anc:dderpotentially
be related to the decision to become a 1:1 school were included in the final Malolel.

4 includes t-test results, and 11 variables were identified as statissicgiiffcant. Other
variables that were not statistically significant were also included imduke| if it

appeared that they might have had a relationship with the outcome variable. Although
the inclination may be to remove those variables, they should remain in the model unless
it is clear that they are unrelated to the outcome variable (Rubin & Thomas, 1996). Thi

study selected variables for the propensity score model that may have dgteeéal
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related to a school choosing to implement a 1:1 initiative. Those variables that were
selected could be divided into four interconnected categories. The firshryategudes
variables that describe the school, such as enrollment and student to teaxh@&hese
variables were included because it is very possible certain types of saleowmisra

likely to become 1:1 schools. The second category included those variables that
described the students that attended a particular school, such as percentafgnts st
proficient in math. These variables were selected because schools veith tyges of
student populations may be more likely to make the decision to become a 1:1 school.
The next category consisted of variables that included details about the stéi€msatn
each school. Because staff members often have input into the decision to im@eme
1:1 initiative, these variables were an important group to include. Two varialtles i
group that had means that were very different between 1:1 schools and non-1:1 schools
were the leadership variables. Principals at 1:1 schools were younger thaat thase

1:1 schools and superintendents from 1:1 districts had less experience in thetluistrict
their non-1:1 peers. The superintendent district experience differencams mewy

relate to the fact that superintendents new to a district are more likelgagein a

major change initiative. The final category of variables included in the pritypsosre
matching was community variables. Those variables included median fanaipé and
percent of the population with a college degree. These variables were includeskbiéc
is quite possible that a certain type of community is more likely to embradepaogram.
This category included five variables that had statistically signifiddferences in

means between the 1:1 and non-1:1 schools. It appears that those community variables

have a large impact on whether or not a school becomes a 1:1 school. Each of these
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categories may certainly have played a role in a school’s decision to ienlart:1
initiative. Although the role of each variable is not known with certainty, thetlitera
suggests that it better to keep the variables in the model rather than to simplhe re
them (Rubin & Thomas, 1996).

A list of the 22 final variables used to generate propensity scores can be found in
Table Al in Appendix A. The appendix also contains descriptive information about each
of those variables as well as the data source for each variable.

Once variables for propensity score matching had been identified, it was
important to analyze the variables for multicollinearity. Mertler andnd#ta (2010)
define multicollinearity as the problem when independent variables are very highl
correlated with one another. In order to check for multicolling@etween the variables,
correlation and variance inflation factor (VIF) scores were analyzel.s&tres indicate
if a given independent variable has a strong linear relationship betweenheaottier
remaining variables (Stevens, 2001). A correlation matrix was run with tStatentify
the correlations among all 22 variables from the model. That matrix wasctresang
the values from all 269 schools in the study population. Although there isn’t one reported
acceptable level for correlation, correlations greater than .70-.80rseeat signs of
multicollinearity between variables (Slinker and Stanton, 1985). The carretattrix
is displayed in Table 1, and it is worth noting that only 12 values were greater than .50
and none of the variables were above .80.

After running the correlation matrix, VIF scores were generated usatg. SThe
VIF values ranged from 1.29 to 5.34 and the mean VIF score was 2.50, which are all

acceptable rates. Although there isn’t one recognized acceptable levEl sfdres,
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Stevens (2001) noted that VIF scores greater than 10 are usually problerabte2 T

reports the results of the VIF analysis. The multiple tests used in thisnsgetim to

indicate that the variables do not have multicollinearity.
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Table 1
Correlation Matrix for Propensity Score Variables

1 2 3 4 5 6 7 8 9 10 11

1  School Enroliment 1.00
2 % Prof. 11th Math -0.16 1.00
3 % Prof. 11th Reading -0.02 0.71 1.00
4 % Female 0.05 -0.02 -0.03 1.00
5 % Nonwhite 053 -0.35 -0.29 -0.03 1.00
6 % Free and Reduced 0.10 -047 -0.39 -0.02 0.46 1.00
7  Student to Teacher Ratio 0.06 -001 003 -0.01 0.01 -005 100
8 wWELL 0.24 -0.28 -024 000 073 036 -0.010 100
9 %IEP 0.14 -030 -0.18 0.06 0.15 050 -0.03 0.02 1.00
10 Local Revenue -0.13 037 029 -0.02 -0.28 -042 -005 -0.29 -0.45 1.00
11 % Discipline Occurrences 040 -033 -025 000 055 036 003 027 028 -030 1.00
12 Students per Computer 0.38 -0.13 -0.11 003 034 005 011 024 0.02 -0.21 0.17
13 Graduation Rate -0.59 040 0.28 -0.09 -0.63 -0.48 -0.07 -0.36 -0.37 037 -0.49
14 Teacher Avg. Age -0.06 -0.06 0.01 -0.03 001 019 007 004 019 -0.16 0.03
15 Teacher District Experience -0.19 0.11 0.0 -0.02 -0.17 -0.02 0.04 -0.112 0.06 -0.05 -0.12
16 Principal District Experience 0.20 -0.0r 0.02 -0.07r 010 0.112 003 ©0.06 001 -0.16 -0.02
17 Age of Principal 0.11 -005 0.02 -004 005 0.09 -0.02 -0.02 0.127 -0.09 o0.07
18 Superintendent District -0.07r 0.12 0.17 0.06 -0.12 -0.05 -0.02 -0.08 -0.10 0.01 -0.09

Experience
19 Rural -0.59 0.16 0.11 -0.010 -043 -0.15 -0.02 -0.26 -0.15 0.18 -0.30
20 % over 25 with College Degree 054 022 028 -001 0.21 -039 002 0.04 -030 0.35 -0.04
21 % over 16 in Labor Force 022 024 020 -0.06 -0.02 -050 0.07 -005 -0.33 0.27 -0.14
22 Medium Family Income 037 026 024 -001 001 -059 009 -008 -044 036 -Gl
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Table 1 (Continued)
Correlation Matrix for Propensity Score Variables

16 17 18 19 20 21

12 13

12 Students per Computer 1.00
13 Graduation Rate -0.32 1.00
14 Teacher Avg. Age -0.09 -0.14
15 Teacher District Experience -0.15
16 Principal District Experience -0.02 -0.11
17 Age of Principal -0.02 -0.12
18 Superintendent District -0.13 0.10

Experience
19 Rural -0.14 0.46
20 % over 25 with College Degree 0.20 -0.04
21 % over 16 in Labor Force 0.25 0.11
22 Medium Family Income 0.24 0.10

0.03

1.00
0.49 1.00
021 0.06 1.00

-0.19 -0.14 0.03 1.00

-0.26 0.03 006 002 -0.31 1.00

-0.03 -0.01 -0.03 0.03 0.49 1.00
001 000 0.00 -0.09 0.75 0.74
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Table 2
Variance Inflation Scores

VIF Score
School Enrollment 3.63
% proficient 11th math 2.48
% proficient 11th reading 2.3
% female 1.06
% nonwhite 491
% free and reduced lunch 3.03
Student to teacher ratio 1.05
% ELL 2.63
% IEP 1.86
Total revenue: local % to total % 1.79
% of total removals (all types) 1.85
Students per computer 1.41
Graduation rate 2.77
Age of teachers 3.31
Teacher district experience 3.26
Principal district experience 1.65
Age of principal 1.45
Superintendent district experience 1.16
Rural 1.78
Percent >25 with college degree 3.93
Percent >16 in labor force 2.47
Medium Family Income 5.34
Mean VIF 2.5

47
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It is also important to note that the variables used for this study were from the
2007-2008 school year. The reason for using historical data relates to the nature of
propensity score matching (PSM). A study by Schudde (2011) highlights the need for
using historical data. When studying the causal effect of campus resideriagemt s
retention, Schudde (2011) created a model that identified students who had a similar
propensity to live on campus prior to arriving, but who made different housing choices.
In Schudde’s model, he used variables prior to students’ arrival on campus beeause th
more current variables could have been related to their campus residencyodehéom
this study took the same approach because variables from the current yedrecoul
impacted by whether or not a school implemented a 1:1 program. Things like mte&nda
graduation rate, or achievement potentially may be impacted by a schadtsitiis.
Therefore, variables for the PSM portion of this study were colleabed the year prior
to 1:1 implementation.

Deter mine probabilities (propensity scor es).

Once propensity score variables were identified, propensity scores weratgel
for every school. These scores were generated by using a logistic myreedel that
produced the probability (propensity score) of being in the treatment for deaxil.sé
schools’ propensity for being a 1:1 school could be generated by including 1:1 status as
the dependent variable, and the other 22 variables as the independent variables. The
logistic regression model that included the 22 variables for the model produced a
probability score for each of the 269 schools in the model. A higher score indicated a
school either was a 1:1 school, or looked similar to the 1:1 schools. If there was not a

difference in the group means, there would not be a reason to continue with the matching
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because the 1:1 and non-1:1 schools would be very similar to one another. However, a t-
test on the propensity scores indicated that there was a statisticaificaig difference
between 1:1 and non-1:1 schools (p <.001). The mean propensity score value for 1:1
schools was .39 and .10 for non-1:1 schools. This difference in mean highlights the
differences between the two groups. The histogram in Figure 1 displays the gyopensi
scores for the 1:1 and non-1:1 schools. Those schools at the extreme end of the non-1:1
histogram were eventually removed from this study. The matching procksscrbed

in more detail in the next section.

Figure 1. Propensity Scores
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Matching groups.

The next step in the propensity score process was to identify matchesrbttevee
treatment and control groups. Propensity scores will range from 0 to 1, and the closer a
score is to one the more likely that the school would be in the treatment (1:1), ar simil
to schools in the treatment. Prior to matching, the data analysis progranwas used
to produce histograms of the 1:1 and non-1:1 schools, and the histogram confirmed the
group differences. The scores from the 1:1 and non-1:1 schools wWererdif However,
the histogram also revealed there was an area of common support béevieem groups.
The schools that fall in the area of common support are the ones that have a similar
school in the opposite group. Those schools are the ones that were targeted for inclusion
in the study. Although there are multiple methods of matching the groups, nearest
neighbor matching was employed in this model. Nearest neighbor matchingnasine
implies, entailed matching schools from the treatment group with their heargisbor
in the control group. Each school’s nearest neighbor was the school with the closest
propensity score. It is actually possible, and preferable, to match a treathmsoitvgith
more than one control school (Guo & Fraser, 2010; Smith, 1997). Smith (1997) noted
that doing so can increase efficiency of the procedure and reduce bias. lndyis st
treatment schools were allowed to be matched with up to six control schools. When
creating nearest neighbor matches, it was desirable to set up califveosdsssimilar
groups were not matched simply because they are closer to one another thaig anythi
else. Stata was used to pair the schools with the Psmatch command and also has a
function to create calipers on the match. The calipers help ensure that thednatc

schools have similar propensities. Although there is not a rule for how wide or narrow
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the calipers should be set, typically they are set at 25% of the standard defigti®on
propensity score. For this study, the caliper was set at 50% because ofltmeisthar

of schools in the study. Schools that did not have matches within that caliper were
removed from the data. After completing the matching process, 112 schools were
identified to be included in this study. Thirty-seven of those schools were 1:1 schools
and 75 were non-1:1 schools. Table 3 identifies the number of matches for each of the
treated schools.

Table 3
Number of Matches for Each Treatment

Number of matches Number of Treated Schools
0 1
1 0
2 0
3 5
4 1
5 1
6 29

Note: Matches were made using a caliper with a standard deviation of .5 of the
median propensity score.

Post-matching analysis.

Once propensity scores had been generated and treatment and control groups had
been matched, variables were compared for the two groups. The Stata commatid “pstes
calculated several measures of the variables before and after matahingac Tables 4
and 5 contain he results of that test. Those results revealed that propemsity sc

matching effectively identified control and treatment schoolsltiwkied like one another.
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The means before (unmatched) and after (matched) matching occurr@dreve
variance in the means of nearly every variable was greatly reduced.PAlsst
identifies the percent bias reduction from the unmatched to the matched sample.sThe bia
statistic explains the differences in means between the control and treatineols
before and after matching. Table 4 reveals that the percent of bias wesd@dall but
one of the variables. That reduction in bias for the entire group of variables was from
36.87% prior to matching to 6.39% after matching had occurred. The reduction in bias
and reduction in the differences between means are evidence tiengnatas successful.
Table 4 contains the results from the pre- and post- matching t-tests betw&dnahe
non-1:1 schools. Those t-tests identified the mean scores for 1:1 and non-1:1 schools,
and whether or not those tests were statistically significant. All 269 sabeat#ied for
possible inclusion in the study were included in these t-tests. Table 4srtheabsults
from those tests, and 11 of the 22 variables were statistically significan0g) prior to
matching. The differences in groups can also be seen when analyzing #tehathand
matched means which can be found in Table 5. That table highlights how the matching
helped create treatment and control schools that looked like one another.

Using propensity scores to identify treatment and control schools withisimila
characteristics strengthened this study. Although it isn’t a random sahgtntrol

and treatment groups looked very similar because of propensity score matching.
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Pre and Post Matching t-tests for 1:1 and Non-1:1 Schools

53

Unmatched Matched
Variable t % Bias t % Bias
School Enrollment -3.68*** -84.5 0.49 3.2
% Prof. 11th Math -0.99 -18.4 -0.75 -17.3
% Prof. 11th Reading -1.01 -19.3 -0.33 -1.2
% Female 1.05 16.4 0.26 6.8
% Nonwhite -2.27* -50.4 -0.31 -3.4
% Free and Reduced 0.84 15.9 -0.04 -0.9
Student to Teacher Ratio 2.02* 18.7 0.28 0.4
% ELL -1.39 -30.3 -0.17 -2.4
% IEP -0.22 -3.8 0.31 7.9
Local Revenue 2.79* 46.2 -0.14 -3.6
% Discipline Occurrences -1.56 -33.1 -0.41 -6.1
Students per Computer -2.36* -43.6 -0.08 -1.8
Graduation Rate 1.32 27.0 -0.28 -5.0
Teacher Avg. Age 1.93 33.7 0.25 6.1
Teacher District Experience 1.55 25.4 0.57 13.6
Principal District Experience -1.89 -29.0 0.48 11.5
Age of Principal -3.46** -58.0 0.48 134
Superintendent District Experience  -2.2* -43.7 0.19 3.2
Rural 3.56%** 71.9 -0.13 -2.2
% over 25 with College Degree -2.12* -45.3 0.12 19
% over 16 in Labor Force -2.55*% -46.0 -0.79 -16.9
Medium Family Income -2.61* -50.6 -0.30 -5.8

*p < .05. *p < .01. **p < .001.
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Table 5

Pre and Post Matching Means for 1:1 and Non-1:1 Schools
Unmatched Means

54

Matched Means

Variable Treated Control Treated Control
School Enrollment 246.30*** 525.89 244.08 233.41
% Prof. 11th Math 78.57 80.09 78.50 79.93
% Prof. 11th Reading 77.01 78.61 76.83 77.43
% Female 49.13 48.59 49.17 48.95
% Nonwhite 3.86* 7.63 3.90 4.15
% Free and Reduced 26.86 25.21 27.10 27.19
Student to Teacher Ratio 20.21* 13.38 11.71 11.58
% ELL 1.10 251 1.13 1.25
% IEP 13.72 13.84 13.74 13.47
Local Revenue 53.17** 49.63 53.35 53.63
% Discipline Occurrences 8.11 11.85 8.05 8.74
Students per Computer 2.76* 3.27 2.71 2.73
Graduation Rate 94.45 92.89 94.52 94.80
Teacher Avg. Age 42.71 41.88 42.65 42.50
Teacher District Experience 12.07 11.43 12.04 11.70
Principal District Experience 7.44 9.49 7.33 6.52
Age of Principal 43.37* 46.95 43.35 42.52
Superintendent District Experience 4.48* 7.39 4.47 4.26
Rural 0.89*** 0.59 0.89 0.90

% over 25 with College Degree 18.81* 22.79 18.86 18.70
% over 16 in Labor Force 65.85* 68.09 65.69 66.51
Medium Family Income 4.41* 4.77 4.39 4.43

*p <.05. **p <.01. **p <.001
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Multilevel modeling

The second part of this research design used a random intercept multileviel mode
which was an effective way to deal with the data that had been collectedleilti
modeling allowed data to be looked at on multiple levels. The terassed” or “nesting”
are used to describe the data at the different levels. In this model, semehrested
within schools. Rather than looking at all of the data as one pooled data set, data can be
analyzed at both the school (group) and teacher (individual) level. Even more
importantly for this model is that the multilevel model takes the nestingpredaips and
variability in each level into account to help produce a more effective modakeskH t
items are ignored, it is very possible to draw the wrong conclusions from the model
(Snijders & Bosker, 1999). Bryk and Raudenbush (1992) listed three main research
purposes for multilevel modeling: the improvement of estimation of individual gffect
the modeling of cross-level effects, and the partition of variance-covartameponents.
The first and last of those purposes are important for this study. Improvedtiestioia
individual effects will result in the ability to make stronger inferencen exth smaller
teacher sample sizes. This occurs because schools with low responsenrbtesoga
strength from the entire data set (Bryk & Raudenbush, 1992). Partitioning variance
covariance components allowed the model to more accurately identify where riest of
variance occurs in the model. Another way to think of the benefits of a multilevel model
is to consider the example of a study that attempts to analyze the impactheie
experience teaching on student achievement. A typical regression model waulid si
include one variable for each teacher’s experience, and produce a coefibicient

experience. That coefficient would then be reported as the impact of experience on
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achievement. Multilevel modeling will go one step further and take into account the
average teaching experience of the school. Multilevel modeling will not onlyriake
account the experience of an individual teacher, but also the overall a\e=elgert
experience of the school. A traditional regression model would not take into account the
relationship between the teachers and their school, and instead assume thatehery

is independent and unrelated to one another. It assumes that group, or school where a
teacher teaches, has no impact on any of the outcome variables.

Multilevel models can be either fixed effects models or random coefficient
models. This study will employ a random coefficients model. Snijders and Bosker
(1999) noted numerous reasons to use a random coefficients model, but two reasons in
particular are relevant to this study. The first is that if groups aredeyas a sample
from a population and the researcher wishes to draw conclusions pertaining to the
population, the random coefficient model is appropriate. The second is for cases wher
the group size is relatively small. In those examples, there are imipadizantages of
using the random coefficient model (Snijders & Bosker, 1999). This study falls under
both of those guidelines. The schools and teachers in the model are a sample from the
larger population of schools and teachers, and the size of the groups is also &irly sm
(<100).

The literature on multilevel models generally focuses on four different siodel
The empty, level-one, level-two, and full model are all parts of the multilevigides
Each level of the model builds off of the previous model. This building process begins
with the empty model and progresses to the full model, which is the model of interest in

this study. Each of those steps are described in detail below, however the full and empty
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models are the only models described in the results section of this study. Thoke mode
are used because they best answer the research questions from this study.

Empty model.

The empty model gets its name because it does not take any group or individual
variables into account. The model is important because it can be used to determene wher

most of the variance occurs in the model.

Yij =Yoo+ Hoj+ T Equation 1.1

Y;; = Outcome (of selected dependent variable Y) for teacher i in school j
Yoo = Mean of Y
Loj = error term at the group (school) level

r; = error term at the individual (teacher) level

This model will produce a coefficient for the intercept and a variance componéutif
level one teacher and level two school variances. Using the variances sanotiel,

the intraclass correlation can be generated by using the following farmul

A 1_‘2
p= ° Equation 1.2

A2 2
IT'ot+o

A

p = Intraclass correlation between schools
I'? = Level 2 (school) variance

o?= Level 1 (teacher) variance
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The result of this formula will be the intraclass correlation coefficient of

;) Wherefo represents the part of the variability that is due to schools. These tevel tw
coefficients are almost always much lower than the level one coefficigataes of .05
to .20 are common for these level two correlation coefficients (Snijders & BA€89).
As the full model was designed for this study, the empty model provided details as t
where much of the variance existed. This model indicates if most of the vasahee
to teacher or school-level variables.

Level 1 model.

The level 1 model is the first analysis into the relationship of variable Y for
teacher i at school j. The model only contains individual level variables and can be

written:

Yij = Boj+ ByiXij + R Equation 1.3

Y;; = Outcome variable Y for teacher i in school j
Boj = Intercept of Y (For the school thaf, Belongs to)
B1; = Regression coefficient of teacher i at school
X; = Individual variable X for teacher i at school j

Rij = Error term for teacher i in school |
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This is a simplified model and multiple teacher-level variables can be addtedugh
this model is not discussed in the results section, it is helpful when thinking about the
design of a multilevel model.

Level 2 mode.

The level one model lacks some important components. In order to include a
school-level error term as well as a population mean, a separate equation caifibd spec

for the intercept.

Boj= Y00+ Moj Equation 1.4

Yoo= Average outcome for the population on variable Y

Loj = Error term for the school

By using this part of the formula with the equation from above, the effect of random
intercepts for groups is accounted for. This is essential for this study, arglvitig a
multilevel model was used.
Full model.
Level 1 (Equation 1.3) and level 2 (Equations 1.4) models can be combined to
create a full model (Equation 1.5). Equation 1.3 included one individual teacher variable
(X) and no school-level variables. In order to create a more complete model, both

individual and group variables can be added to the model to create a full model.
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Yii =Yoo * You(Onetoong) +voxZ19) + y1o(X1i) + y12:(X2ij) + poj+ R; Equation 1.5

Y;; = Outcome variable Y for teacher i in school j

Yoo = Average outcome for the population on variable Y
vo1 = Regression coefficient for school |

Onetoong= Dichotomous variable to indicate a school’s 1:1 status
Y02 = Regression coefficient for school |

Z13= Group variable for school |

110 = Regression coefficient for individual i in school |
Xyjj = Teacher variable for teacher i in school

v11 = Regression coefficient for individual i in school |
X,ij= Teacher variable for teacher i in school

Woj = School-level error term

R = Teacher error term

This full model takes into account both individual (teacher) and group (school) level
variables. In Chapter 4, the empty model and four additional full models are reported f
each of the three different dependent variables. For each of these modetsuitrisc

that the error termsuf;, and R) are mutually independent and have zero means given

the values of X
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Population and Sample

This study was a bit unique in that it actually had two populations because of the
nature of the multilevel design. Multilevel models which have data nested within da
have separate populations for both the micro (teacher) and the macro (school) level.

The population for the teachers in this study was restricted to high school $eacher
who are employed in the schools that were part of the sample in the studwargete t
population for the school-level in this study was all high schools in the state ofhlatva t
met multiple criteria. Those processes for narrowing the population of scheols ar
described below.

First, schools that were in their first year of 1:1 implementation wereligdile
for the study sample. Transitioning to a 1:1 program is a process, and thoseischools
year one were just at the infancy stages of implementation. Asdasttyl schools,
they most likely don’t fully represent a 1:1 school, but they also certaiatytar
representative of a non-1:1 program either. Schools were identified condatgimget
searches on all schools eligible for the study. Table 6 displays statevaideatibn
about lowa schools in 2007-08 as well as information about 1:1 status.

Table 6
Statewide High Schools

First Year 1:1 Veteran
Total Schools School 1:1 School
Number of Schools 355 42 43

Note. Veteran 1:1 schools are those schools that were 1:1 schools prior to the 2011-2012
school year.
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The second process for removing schools from the population of the study was
through the use of propensity scores, which were described in the researchet#gign s
Those schools that did not have a match within the specified caliper were also nbt part
the sample. It is important to note that because propensity scores were uasd, it w
possible and preferable to match one treatment school with multiple control schools.
Schools were also removed from the study if their status changeedne2007 and 2012.
For example, schools that began whole grade sharing during that time were removed.
Those schools had to be removed because of the ways that data were reported for those
schools. Schools that were closed, non-traditional high schools, and those missing data
were also removed from the sample. Table 7 lists the breakdown of the reasons tha
schools were removed from the sample.

Table 7
High Schools Excluded from Study

Reason for Excluding Number
First year 1:1 school 42
Sharing or consolidated after 2007 29
Missing data 9
Non-traditional high school 4
Closed 2
Total schools excluded 86

Note:Some schools may fall into multiple categories, but they were only
listed in one.

All teachers who teach at high schools in the school sample were included in the

teaching population for the purpose of the study. The survey given to teachers included a
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filter question that asked what grade level they taught. If they indicatetthéyadid not
teach at a high school grade level, they were removed from the study. One of tite benef
of a multilevel model is if there were teacher responses from a schoathtie sould
be included in the sample.
Data Collection Methods

Data collected for this study used primarily three separate sourcasralze
information about the schools and their staffs were collected using data freowéhe
Department of Education (2012) and the National Center for Education Stq@ti?).

The third data source was an online survey used to collect teacher data. Proparesty s
had to be generated prior to teacher surveys, so they were created usthg &@irdy two
sources listed. The multilevel model used data from both the teacher surveys and t
state and national data sources.

The lowa Department of Education and the Common Core Data included staffing,
student, community and building data from all K-12 public schools in lowa. Most of the
information is available to the public on both of their websites. Some additional data was
gathered from the lowa Department of Education through personal eMails (

Dorenkamp, personal communication, November 12, 2011; B. Lundy, personal
communication, January 17, 2012). Appendix A lists all of the variables for the study
and the data source for each variable. Data about the schoolghgas&hool level data,
district level data, or community data. The first school-level categolyded data
specific to the school buildings that were part of the study. For example, esnrblras
considered a school-level data source because it reflected the enrolljushttos

school building in the study and not the district. District level data included informat
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about the entire school district and not just the specific building in the study. Aplexa

of district level data would be the percent of students who have an individualized
education plan (IEP) because that data was reported for the entire schmblashidtnot

just the school building in the study. The final category of vagias community data.
Although this was essentially district data, the term community was usaddecithe data
described the community rather than just the school. An example of community data
would be the median family income variable. Description of all variables can be found i
Appendix A.

Teacher data for this study was generated through a survey that wasdnodifi
from one created by Hutchison and Reinking (2011). Their development and validation
processes included the following components: Constructs were initiallyisisémbbased
on their research questions and the literature on the topic. A focus group was then
consulted to gather feedback from the intended audience for the survey. Samsey it
were then revised and a pilot survey was given to 100 teachers. The rese¢herhers
conducted an item analysis on the items they hypothesized wouldeeptiee constructs.
Cronbach’s alpha was calculated to examine the internal consistency, and these va
ranged from .82 to .96 for the constructs they had identified. Following the pilot survey,
items were revised to create the final version of the survey. Their final sesidis
also indicated high reliability and validity. The two constructs from theirey that
were of interest to this study were the “extent of integration” and “canpgt
constructs. Each of those constructs is described in more detail in the stabiegari
section of this chapter. The reported item loadings on the extent of integration

component was between .38 and .83 and had a Cronbach’s alpha of .92. For the
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competency component, item loadings ranged from .76 to .90 and the Cronbach’s alpha
was .80. All of these levels are within acceptable ranges (George &Wai®3).

Although Hutchison and Reinking’s survey was designed to analyze technology
in relation to literacy instruction, most survey items were easily doledtathe general
population of a school. Most of the questions required very minor changes to make them
applicable to this study while others required no changes at all. The most frequent
change in the survey questions was the removal of the word literacy so themuesti
would become applicable to all teachers. The entire survey can be found in Appendix E.
Survey administration

The survey for this study was administered through the use of online surveys
emailed to participants. The email explained the study, and contaiiméd@the survey.

The message sent to participants clarified that by clicking on the link and taki
survey, they were willing to participate in the study. An email deliveredniettsurvey
method was chosen in order to distribute the survey to a large number of participants at
very little expense.

Email addresses for all of the teachers in the sample were cdlitbodeigh
multiple methods. A first email was sent out to school administrators requésting t
email addresses of all of their high school teachers. The response from school
administrators was very low, so other methods were used to collect teaclisr &rea
Education Agencies (AEAs) were also contacted to request email addmessesea of
the nine AEAs agreed to provide teacher email addresses. The fired\statollect

teacher email addresses was to visit school websites to get theaddradses. Most of
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the email addresses from the survey were gathered using the fired\stralhich was a
time intensive technique.

Once the final list of email addresses was prepared, an email was sent out t
teachers. Various methods were used to increase response rates flopaptsti
including reminder emails, a deadline statement, selectivity, and encoerageom
building administrators. Prior to sending the email to participants, an ensagdenito
all building administrators requesting they encourage their teacheketthtasurvey.
The email also allowed administrators to get a more detailed repdnefosthool if
they requested one. It is uncertain how many administrators followed-emqcbyraging
their teachers to participate in the study. Participants themselvesataersticed to
participate by offering any type of incentive. A recent study by K@allagher, and
Cashell-Smith (2004) did not reveal any increase in response rates in timrsombey
due to incentives, and they indicated careful planning and implementation were more
important. A deadline for survey completion and a selectivity statement ware bot
included in reminder emails to participants. Porter and Whitcomb (2003) analyzed
potential ways to increase response rates and found that adding a deadline and a
selectivity statement significantly increased response rate. Artettfaique used to
increase response rate was to send out reminder emails to participanerolihds of
emails were sent to the entire targeted sample. Individual schools witedpanse
rates were also targeted beyond those three mass mailings. The Qugattrey tool used
in this study allowed the reminder email to only go to those individuals who did not
previously take the survey or requested to opt out of the survey. Particilsarttada

progress indicator and a limited number of questions on each page to help reduce
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breakoff rates on their survey. Surveys that have no progress indicator and those wit
long pages of questions with no breaks seem to breakoff at higher rates (P32619¢.

By using multiple strategies to increase response rates, survejppadicwas
most likely increased. Although some of the literature is conflicting about tieditseof
the various techniques, there seems to be no harm in employing multiple methods. The
following section describes the response rate for this study.
Responserate

Two separate responses rates were recorded for this study. The firsseasgen
represented the response rate from the school-level data and the second respease rate
from teacher-level data. Of the 112 schools targeted for this study, thereesmvases
from 110 schools. This was a response rate of 98% and the two schools that did not
respond were part of the control group. Calculating the response rate for tlee tzdah
was less precise. The targeted sample for this study was all seactier study
population. That number was calculated according to the number of emails seht to eac
school. There were 922 surveys entirely completed and 2,508 emails sent to feachers
a response rate of 37%. However, it was not possible to get an extremedg preuber
for the response rate for two major reasons. The number of teachers in the population is
imprecise because it was created by finding the sum of the number of techler
addresses. Unfortunately, those emails did not entirely reflect the popuateachers.
The email addresses gathered from school websites could be incomplete ecincorr
because schools do not keep their websites accurate. With that factor in mind, the
response rate would actually be higher for the study than reported. The seaammnid fact

consider is some principals also forwarded anonymous survey links to their $ea€ber
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that reason, there may have been some teachers who took the survey that weren’t in the
total population count because they were not listed on their school websites. Their
impact on the response rate would actually make it lower for the study. There is
indication that either of these factors had a large impact on the response rate.

The breakoff rate for teachers in this study is also a little impreciseibe there
were some teachers who took the survey that were not part of the study population.
Unfortunately, because they did not answer the question in regard to where they teach it
wasn’t possible to determine if they should be included in the breakoff rate for the stud
In order to report the highest breakoff rate, all 133 individuals who did not answer the
guestion in reference to where they taught were included in the calculations toimeter
breakoff rates. The breakoff rate calculated using those numbers was 25%.

Study Variables

Because there are two major components in the study design, the variables were
somewhat unique for each model. The variables used to generate propensity seores we
also used in the multilevel model. However, the teacher-level variables in thievall
model were not used to generate propensity scores.

In order to generate propensity scores, a logistic regression modelagas us
determine the probability that a school was a 1:1 school. The status of whether a school
is actually a 1:1 school was the dichotomous dependent variable in the propemsgy sco
model. The independent variables in this model could not be assumed in advance
because multiple techniques described previously were used to selectelse corr
variables. Put more succinctly, the model included variables that may explaa why

school made the decision to implement a 1:1 program. With a lack of literature on that
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topic, there can only be speculation about those factors and a large number of
independent variables were included. The final 22 variables used to generatsiprope
scores can be found in Appendix A.

Three dependent variables were created in order to answer the reseaticmsgjue
in this study. Those variables were all created from the Hutchison and Re2&irig
survey. The first dependent variable attempted to help answer the reseatmnque
about the time students were using technology. The variable was creaté@2oom
the survey, which consisted of a 7-point Likert scale. Results were inegtusihg the
raw scores from that question. The second dependent variable targetedatehrese
guestion about integration. It was created from 14 unique items and labeled “Q3” on the
survey. Those items were added together to create a raw score, which was then
transformed into a standard deviation score in order to help make the results more
interpretable. The working definition for integration in this study is the exteneadfus
various technologies in the classroom. The 14 items from the survey would be the
various technologies analyzed for the purpose of this study. The final deperrddsieva
was the competency variable, and it was created from items five and six onvehe sur
Those items were added together to create a raw score, which was afsoni@shénto a
standard deviation score. The entire survey can be found in Appendix E. The multilevel
models described in the results section can be found in Appendix B.

Independent teacher-level variables were also used in the multilevel mddsl in t
study. Those variables were collected using the survey and they adeshah some of

the multilevel models described in Chapter 4. Those teacher variables weigcage
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content area taught, years teaching, and extent of technology use in cGlregeer 4
includes a further analysis of those variables.
Data Analysis

The data analysis and statistical software package Stata was usedatisheas
analysis in this study. The first major part of the study involved using tStgenerate
propensity scores that enabled matching between 1:1 and non-1:1 schools. The second
part of the study embraced a multilevel model in order to address the nature of the neste
data. Two unique Stata commands were used to generate resthes fimultilevel model.

Stata allowed propensity matching to occur somewhat easily once all data ha
been collected. By using the psmatch command and setting parameters fapéne cal
(.50) and the number of matches (6), Stata identified 112 schools to include in the study.
In order to verify the results of the psmatch command, a logistic regressionwasdel
also executed with 1:1 status as the dependent variable. That model produced probability
scores for each school in the sample. Those scores did, as they should have halign wit
the scores generated by psmatch.

Once the schools for the study had been identified, numerous multilevel models
were generated for each of the research questions. Stata has two commaxed,attd
xtreg, that were used to analyze multilevel models, and both commands were used to
verify results. The first test run for each model identified the insadarrelation
coefficient (ICC). The ICC indicates what percent of variance existgebatschools.
Snijders and Bosker (1999) reported values of .05 to .20 are common in educational

research.
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The next step used to create the multilevel models was to include the dependent
variable of interest and selected independent variables. The three dependbldsvari
were time, integration, and competency. Four multilevel models were creatatfoof
those dependent variables. The first model included a dependent variable and only
included 1:1 status as the independent variable. The next model added teacher-level
variables. The third model included all of the variables from the aforementionedsmodel
as well as a select group of school-level variables. The final model incliid¢dtha
variables listed above as well all variables used in the propensity scatangat
Chapter 4 walks through each of those different models for each of the reseatangque
in this study.

Limitations

Like any research, there are limitations to this study. One of thal stips in
this study was to develop a model to create propensity scores for schools. SHHEd3h (
noted that propensity scores certainly are most effective when apprepratdes are
used to develop the actual propensity scores. ldeally, those propensity scores should
include variables based on the literature surrounding the topic. Unfortunatelysthere
literature pertaining to the factors that led to schools becoming 1:1 schoasods
limitation with the propensity scores is that the data used to create projsensdy were
limited to what is available from the lowa Department of Education and the Common
Core data. Ideally, other data from things such as principal, teacher, ad¢bo@ys
would be used to generate propensity scores.

Building models that contain appropriate variables was a challenge with this

research as it is with any observational design. Including the wronglearitdb many
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variables, or too few variables were all potential weaknesses in the hedesign.

There are also different types of potential errors with the survey. Qoecoacern is
undercoverage, which may become a factor for two reasons. The first reasgulyis s
teachers who are not very technologically savvy may be apprehensive abowticampl
the survey. Using an online survey increases both the technical requirements ahdse
the steps needed to complete the process (Best & Krueger, 2004). This limitation wa
hopefully minimized simply because of the widespread use of computers by most
teachers today. Another reason for concern with undercoverage is simply thaima cer
type of teacher is more likely to fill out the survey.

Another limitation to this study was the process used to identify which schools
had 1:1 programs, and how long they have been a 1:1 school. The state of lowa does not
collect that data, so data were collected using multiple sources. elrdearches, phone
calls, and emails were all used to correctly identify those schools. Vargarszations
were also contacted and multiple lists were cross-referenced.

This entire research design has been developed in an attempt to best answer the
research questions presented. Although there are limitations, the design ainostti® pr
meaningful results to help add insight into the research questions.

Ethical Issues

Like almost any study involving participants, confidentiality is esaenifihis
study obtained IRB approval prior to conducting surveys with participants. Appendix C
contains the IRB approval letter. Participants had the opportunity to not takeubg s
or discontinue taking the survey at any time. Participant names were notechlleut

Quialtrics was able to identify which individuals had already taken theysovduplicate
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emails were not sent out to individuals. Those records were kept confidential lame wil

deleted upon completion of this study.

Summary
The methodologies described in this chapter were designed to reduce some
common concerns that often occur in research. Although a random sample wasn't used,
the study strived to create samples that are very similar to one another tin®ugk of
propensity scores. Once the sample for the study was identified, the miuttitele
added value to this study. It brought additional statistical power to the stddy a
explained the variance at both the teacher and the school-level. Employing these tw

statistical techniques helped better answer the research questionstundthis s
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CHAPTER 4: RESULTS

The results in this chapter explore the relationship between a school’s dsl stat
and three unique dependent variables. Each dependent variable is represertagve of
of the three research questions in this study and stems from one of the two #hieoretic
frameworks described in Chapter 1. The schools included in this study weredselect
using propensity score matching. This chapter begins with a short descriptien of t
study design, and is followed by a discussion of the study variables. The ¢ithah se
describes the results from the multilevel models for each of the threealesgiestions.

Study Design

The results of propensity score matching were discussed extensively iRiChapt
but this section provides a brief overview of the process. Propensity score mataking
used as a strategy to create treatment and control groups that looked vearytsiorke
another on multiple measures. This study initially analyzed 269 high schools toyidentif
the treatment and control schools for the study. Stata was used to create gropensit
scores for each school in the study based on 22 variables. Once those scoresaveeke cr
112 schools were identified for the study. Surveys were sent to teachers at
112 schools. Teacher responses were turned into variables and combined with data from
their schools. Each of the 922 individuals in the study then had both individual and
teacher-level data. The final step in this study involved using multilevel studel
analyze the impact of a school’s 1:1 status on each of the three research qaestiss
study. Those models and results from each model are described extensivehgsultse

section of this chapter.
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Study Variables

The following section contains descriptive statistics about the variabtesdra
used in the multilevel model. Those variables are divided into one of three categories
The first group of variables is made up of teacher-level independent variablegsitba
reported on the teacher survey. The second category is made up of the school-level
variables, and the final category describes the dependent variables fodthe st
Teacher-level independent variables

Although multiple teacher-level variables were collected on the survey, the
multilevel models only contain those independent variables for teacher age amdl conte
area. Variables that were excluded from the study included teacheyaarseteaching,
and extent using technology in college. The race variable was excluded becaase of th
small number ( < 15) of responses that were not in the White category. THeesaioa
years teaching and extent using technology in college were excluded becidnese of
high correlation with the age variable. Their correlations with the agaebl@asvere .81
and -.67 respectively. As discussed previously, there is not an agreed upon cutoff of
correlation levels for excluding variables. The two variables that were rerheve
were excluded because they did appear to measure a value that wagelatelyto the
age variable.

The age variable was divided into four categories with 10-year ags apd one
category for participants over 61. Table 8 displays the number of individuals in each of
the categories. It is important to note that in the multilevel mode2Gh 30-year-old
group is left out. Because age variables were included as dummy variabRs, tih&0-

year-oldgroup was left out of the model to act as the comparison category.
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Table 8

Teacher Age

Age 11 Non-1:1 Total
20-30 59 123 182
31-40 64 136 200
41-50 98 158 256
51-60 78 153 231
61 plus 36 17 53

76

The second Teacher-level variable included in the multilevel models was the

content area variable. Content area was also classified as a dumm\ewatitiatéen

unique categories. The categories are reported in Table 9. The other categaryeM-

selected category on the survey. Participants who selected “Otherahbler® type

their content area into the survey. The responses they typed were analyzed, but none of

them were large enough to create another category to include in the muttitelel

The largest category created by participants was “Guidance Counseibtfiere were

only 21 responses in that category. Those “Other” responses that aligned with one of the

survey content area categories were reclassified. On the multilevelsmibeelanguage

Arts category was used as the reference category for all of thecotitent areas. It was

selected because it was the largest core content area, and also bedsubtiHttire

related to 1:1 programs and writing. Numerous studies have identified writomg ax

the areas where 1:1 schools have seen the most improvement (see, e.g., Bepell & Ka

2010; Gulek & Demirtas, 2005; Lowther, Ross, and Morrison, 2003).
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Table 9

Content Area Taught

Content Area 1:1 Non-1:1 Total
Fine Arts 43 64 107
Foreign Language 22 39 61
Language Arts 37 84 121
Math 34 60 94
PE/Health 12 30 42
Science 24 69 93
Social Studies 29 43 72
Special Ed. 29 61 90
Vocational Ed. 60 119 179
Other 26 37 63

School-level independent variables

The variables described in this section include those school-level variables that

were included in the multilevel model. It is important to note that these vakies ar

different than those reported in the section on propensity scores. The propamsity sc

variables were created using the mean values for each of the 269 schoolsfeligible

participation in the study. The mean values reported here were gdrigrateluding

the school values for each individual who took the survey. A school that had a high

number of individual responses would therefore have a greater impact on the overall

mean of the study. T-tests were run on the treatment and control groups to determine

which variables had statistically significant values (p < .05), and thosblexiare

displayed in Table 10.
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Table 10

Group Means on Survey Responses

Group Mean
Variable 1:1 Non-1:1 Total
School Enrollment 255.44 295.77 281.95
Student to Teacher Ratio 11.84 12.48 12.26
Local Revenue 53.77 50.96 51.92
Age of principal 42.38 45.97 44.74
Supt. Dist. Experience 3.70 5.78 5.07
Rural 0.88 0.79 0.81
% >16 in Labor Force 65.58 66.59 66.25
% IEP 13.64 14.20 14.01
Graduation Rate 94.78 93.53 93.96
Dist. Experience Principal 6.82 8.40 7.86

Note. These variables were statistically significant (p < .05) between 1:1 and non-1:1
group means.

Dependent variables

The first dependent variable in the study was created from a survey quiestion t
asked teachers how often their students used technology during the past yaasulifie
were reported on a 7-point Likert scale withot at all’ and “Daily” as endpoints for the

scale. Teacher responses can be seen in Table 11.
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Table 11
Student Time Using Technology

1:1 Non-1:1 Total

Not at all 2 19 21

A few times during the year 16 67 83
Once a month 8 40 48
2-3 times a month 14 89 103
Once a week 28 101 129
A few times each week 95 159 254
Daily 153 131 284

Note. The numbers reflect the number of teachers who selected
each of these categories.
The second dependent variable in the study was the “Integration” varialste whi
was created with 14 items on the survey. Those items dealt with the techndiapies t
teachers used in their class and responses were given on a 4-point scale cdkeavas
generated for integration by adding each of the items together. Thh@umaypossible
score was 56 and the minimum score was 14. The mean score for 1:1 teachers was 30.38
and 25.73 for non-1:1 teachers. The overall mean for integration was 27.33. In order to
generate a more easily interpretable variable, the “Integration’ol@mas transformed
into a standard deviation variable using Stata. With the new standard deviatiorevariabl
created, the coefficient for integration could be interpreted as the incredserease in
standard deviations.
The final dependent variable was the “Competency” variable which was
generated from two items on the survey. Those items asked for teachetsvekilising
digital technology for instruction and in general. The response scale wasra 4egade

that ranged fromNot at all” to “Large exterit The minimum raw score was 2 and the
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maximum score was 8. The mean score for 1:1 teachers was 6.32 and 5.96 for non-1:1
teachers. The overall mean for competency was 6.08, and a standard deviation score was
generated for easier interpretation like the integration dependent variable
Results

Multilevel models were used to answer each of the three researciogsi@sthis
study. The following section presents the analysis for each research musstp a
common format. The first model in each section only included the dependent variable
and a school’s 1:1 status. The second model built on those two variables and added
teacher-level variables for content and age. The third model included all of the
aforementioned variables as well as school-level variables that werié ediess
significant on Table 10. The final model added all of the school-level varidlalesere
used to create the propensity scores as well as the variables frorsttttedie models.

It is important to note that school-level variables were only included to account
for potential differences between the schools in the study. Those data contained the
2007-2008 data that were used to generate propensity scores. It isn’t possible to interpret
those data in a meaningful way, and they have been left out of the discussion throughout
this paper.

Prior to creating the models described above, an empty model was coeated t
identify the intraclass correlation (ICC) for each dependent variable.l® of each
model indicated the part of the variability in the dependent variable that is due tasschool
Values of 0.05 to 0.20 are common in education and two of the three ICC scores in the
study fell within those values (Snijders and Bosker, 1999). The ICC score fardisne

0.11 which indicated that 11% of the variance in time scores was due to the effect of the
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group. The ICC score for integration was 0.14, and the competency variable had the
lowest with an ICC score of 0.04. These values would indicate that the competency
scores of an individual were much less dependent on the school where they teach, than
integration or time scores were. The alternative description of that wouldtlzmtha
individual’'s competency score was much more highly related to the individual than the
group. These results are in line with ICC scores that would be expected from the
research literature.

Resear ch Question 1

Do teachers at 1:1 schools report that their students use technology more frequently than
teachers at non-1:1 schools?

The first model created to answer this question simply included the dependent
variable of time and the independent variable of a school’s 1:1 status. This is the mos
basic of the four models. The results of this model produced a coefficient of .61 for 1:1
status and a p-value that was statistically significant at the .001 [Bwvelinterpretation
of this would be that teachers at 1:1 schools had time scores that were .61 of a standard
deviation higher than the non-1:1 teachers. Results from all of the models for this
research question can be found in Table 13.

The second model included teacher variables for age and content which were both
dummy variables. The reference or comparison category for age wa@s tioe30-year-
old category andanguage artsvas the reference category for the content area variable.
The coefficient for 1.1 status was again significant at the .001 level andivégr $o
the value from the first model. None of the age variables were stalyssicaificant,

but six of the content areas were statistically significant (p < .05). Teéafia
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coefficient was -0.99 with a p-value of less that .001. The interpretation for tha
coefficient would be that fine art teachers had time scores that were 0.8taatlard
deviation lower than language arts teachers. It is important to note, thatethdte are
not treating 1:1 fine arts teachers and non-1:1 fine arts teachemasstseategories.
The age and content area variables are simply reflective of those grdapslars as a
whole.

The third model added the school-level variables that were reported in Table 10.
Those school level variables had statistically significant differebewgeen the 1:1
schools and non-1:1 schools in the study. The coefficient for 1.1 status is once again
significant, and the coefficient is higher than the first two models (0.67). Ndhe of
age variables were significant in this model either, and the same contentraeleya
were significant in this model.

The final model (Model 4) added all of the school-level variables that were used
to generate propensity scores. The 1:1 status produced a coefficient thatysimilar
to the third model and also was statistically significant (p <.001). Thstitaiti
significance for all of the variables from the previous models did not change in this

model.
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Reported Coefficients with Time Dependent Variable
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1:1 Status

Age 31-40

Age 41-50

Age 51-60

Age Over 61

Fine Arts

Foreign Language

Math

PE/Health

Science

Soc. Studies

Sp. Ed.

Voc. Ed.

Other

School Enroliment
Student to Teacher Ratio
Local Revenue

Avg. Principal Age

Supt. Dist. Experience
Rural

% over 16 in Labor Force
% IEP

Graduation Rate

Dist. Experience Principal
% Nonwhite

Students per Computer
% over 25 with College Degree
Median Family Income

% Prof. 11th Math

% Prof. 11th Reading

% Female

% Free and Reduced

% ELL

% Discipline Occurrences
Teacher Avg. Age
Teacher Avg. Dist. Experience

Coefficients

Model 1 Model 2 Model 3 Model 4
1.0471*** 1.063**  1.140**  1.131***
0.101 0.107 0.103
0.129 0.127 0.116
0.057 0.069 0.061
-0.350 -0.333 -0.350
-1.684***  -1.677** -1.689***
-0.552* -0.573* -0.571*
-0.848**  -0.877***  -0.875***
-1.216%**  -1.244***  -1.257***
-0.450* -0.458* -0.453*
0.093 0.100 0.103
0.523* 0.505* 0.522*
0.306 0.296 0.295
0.297 0.269 0.307
0.001 0.000

-0.017 -0.012

0.005 0.002

0.006 0.007

0.019 0.014

0.241 0.118

0.008 -0.005

-0.001 0.007

-0.019 -0.028*

-0.001 -0.002

-0.012

-0.030

-0.008

0.130

-0.001

0.003

-0.004

-0.006

-0.018

-0.017*

0.037

-0.042

Note.Variables are described in Appendix A.

*p <0.05. **p <.01. **p < .001.
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Resear ch Question 2
Do teachers at 1:1 schools report that they integrate technology differently than teachers
at non-1:1 schools?

Model 1 for this research question also simply included the dependent variable for
integration which was reported as a standard deviation score. The modeledentifi
statistically significant (p < .001) coefficient of .59. The interpretadf this is that
teachers at 1:1 schools had integration scores that were 0.59 of a standai@hdeviat
higher than the non-1:1 teachers. Results from all of the models for this hesearc
guestion can be found in Table 13.

Adding the Teacher-level variables for age and content area createddhd s
model. School’s 1:1 status was again significant (p < .001) with a coefficient of 0.61.
Two of the age variables were statistically significant at the .001 leveé thiei other
two categories were also significant (p < .05). The referenceocgtiy age was th20-
to 30-year-oldcategory, which would indicate individuals in that category had
significantly higher integration scores than all other categories. Térpiatation for
individuals in the 31-40 category, which had a coefficient of -0.23, would be as follows.
Teachers who were between the ages of 31 and 40 had integration scores that were 0.23
of a standard deviation lower than teachers between 20 and 30. Five of the content areas
were statistically significant (p <.01). They all had lower scores tialahguage arts
reference category. The interpretation for math, which had a coeffi¢igh28, would
be as follows. Math had integration scores that were 0.29 of a standard deviation lowe

than language arts teachers.
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Model 3 added school-level variables from Table 10 and the coefficient for 1:1
status increased to 0.66 which was still statistically significant.g9%). None of the
variables for age and content had substantive changes in their significagice le

Model 4 added the remaining school variables used in creating propensity scores.
The coefficient for 1:1 status was very similar to the previous model (0.65) atheere

age and content area variables.

www.manharaa.com




86

Table 13
Reported Coefficients with Integration Dependent Variable
Coefficients

Model 1 Model 2 Model 3 Model 4
1:1 Status 0.282***  0.291**  (0.315***  (0.310***
Age 31-40 -0.095** -0.096** -0.088*
Age 41-50 -0.125**  -0.126***  -0.124**
Age 51-60 -0.137**  -0.134**  -0.122**
Age Over 61 -0.114**  -0.109***  -0.103**
Fine Arts -0.283***  -0.283**  -0.283***
Foreign Language -0.098** -0.100** -0.098**
Math -0.285***  -0.290***  -0.282***
PE/Health -0.159***  -0.163**  -0.158***
Science -0.124*+*  -0.127**  -0.126***
Soc. Studies -0.003 0.000 0.005
Sp. Ed. 0.056 0.053 0.060
Voc. Ed. -0.052 -0.055 -0.051
Other -0.008 -0.009 -0.011
School Enroliment 0.029 0.010
Student to Teacher Ratio -0.015 0.011
Local Revenue -0.008 0.001
Avg. Principal Age 0.063 0.052
Supt. Dist. Experience 0.028 0.032
Rural 0.040 0.054
% over 16 in Labor Force 0.025 0.027
% IEP -0.084* -0.063
Graduation Rate -0.074* -0.100**
Dist. Experience Principal -0.030 -0.017
% Nonwhite -0.058
Students per Computer -0.011
% over 25 with College Degree 0.039
Median Family Income -0.071
% Prof. 11th Math 0.021
% Prof. 11th Reading -0.060
% Female 0.029
% Free and Reduced -0.011
% ELL -0.003
% Discipline Occurrences -0.043
Teacher Avg. Age 0.005
Teacher Avg. Dist. Experience -0.106

Note.Variables are described in Appendix A.
*p <0.05. **p < .01. **p < .001.
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Resear ch Question 3
Do teachers at 1:1 schools report higher levels of technology competency than teachers
at non-1:1 schools?

The final research question used the competency variable as the dependent
variable. The four models used to answer this question followed the same flow as the
previous two research questions. Model 1 only included 1:1 status as an independent
variable, and the coefficient was 0.29 (p < .001). The interpretation of this is that
teachers at 1:1 schools had technology competency scores that were 0.28d#drd sta
deviation higher than the non-1:1 teachers. Results from all of the models for this
research question can be found in Table 15.

Model 2 added the teacher-level variables for time and content area. The 1:1
status coefficient was nearly identical to the first model. All of tleevagiables were
statistically significant (p < .05), three at the .001 level. All of the coeffis were
negative which indicated that all of the age categories reported lower temrtypscores
than teachers in tH20- to 30-year-oldcategory. Three of the content areas were
significant (p < .05), and they also had negative coefficients which inditzte
competency scores were lower than those of language arts teachers.

Adding the school-level variables from Table 11 increased the coefficiehtifor
status to 0.35 (p < .001) for Model 3. The age and content area variables were not
substantively altered.

The final model added all school-level variables and the coefficient for lus stat
decreased to 0.32 (p <.001). The statistical significance of the age and ca@ent a

variables were not substantively changed from Model 2 or 3.
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Table 14
Reported Coefficients with Competency Variable
Coefficients

Model 1 Model 2 Model 3 Model 4
1:1 Status 0.287*** 0.292*%*  (0.352***  0.317***
Age 31-40 -0.226* -0.215* -0.211*
Age 41-50 -0.498**  -0.499***  -0.507***
Age 51-60 -0.828**  -0.816*** -0.803***
Age Over 61 -0.785**  -0.749***  -0.739***
Fine Arts -0.126 -0.117 -0.098
Foreign Language -0.288* -0.294* -0.285*
Math -0.252* -0.275* -0.266*
PE/Health -0.751***  -0.746***  -0.748***
Science -0.104 -0.109 -0.088
Soc. Studies -0.136 -0.124 -0.105
Sp. Ed. -0.207 -0.218 -0.197
Voc. Ed. -0.076 -0.081 -0.077
Other 0.136 0.135 0.154
School Enroliment 0.000 -0.000
Student to Teacher Ratio -0.001 -0.004
Local Revenue -0.000 -0.003
Avg. Principal Age 0.008 0.005
Supt. Dist. Experience 0.000 0.002
Rural 0.151 0.072
% over 16 in Labor Force 0.006 0.004
% IEP -0.003 -0.001
Grad. Rate -0.011 -0.013
Dist. Experience Principal 0.003 0.004
% Nonwhite 0.023
Students per Computer 0.043
% over 25 with College Degree 0.007
Median Family Income 0.026
% Prof. 11th Math -0.004
% Prof. 11th Reading 0.000
% Female 0.011
% Free and Reduced 0.003
% ELL -0.045**
% Discipline Occurrences -0.003
Teacher Avg. Age -0.022
Teacher Avg. Dist. Experience 0.019

Note.Variables are described in Appendix A.
*p <0.05. **p <.01. ** p < .001.
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Summary

The same research design was used to answer each of the research questions in
this study. Schools were initially identified for the study using propessare matching
(PSM). The results from PSM indicated that the control and treatment schools$ looke
much more like one another than comparing the treatment schools to all schools in the
state. The second component of this model used a multilevel model to analyze each of
the dependent variables that were designed to answer the research questictsidly.the
Four multilevel models were used for each of the research questions; each model
contained a unique set of variables. The results for each of those models wakedispl
under each question. Although coefficients were reported for numerous variables, the
primary focus of this study was the impact of the 1:1 independent variable on each
dependent variable. Other variables were included simply to account for otbes fac
that may have been related to the dependent variable. For each of the three dependent
variables, the impact of 1:1 status was significant (p < .001) in each of thedodeils.

The next chapter addresses the implications of these findings.
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CHAPTER 5. DISCUSSION AND IMPLICATIONS FOR PRACTICE

This chapter discusses the results and overall findings of the study. Ther chapt
begins by providing a brief summary of the study design. Findings from thetgtiaat
analysis are then discussed. The chapter concludes with sections on ttetimmgliof
the study, recommendations for future research, and a conclusion.

Summary of the Study Design

This study was designed to determine the impact that 1:1 programs have had on
schools and teachers. The first part of the study used propensity score matching to
identify control and treatment schools to include in the study. Once those schools were
identified, surveys were sent to teachers at those schools. Survey resultsréhen we
analyzed using a multilevel model which accounted for data at two levels. The study
used data about individual teachers and their schools to most accurately identify the
impact of a 1:1 program. Four multilevel models were analyzed for each bfdkee t

primary research questions:

1. Do teachers at 1:1 schools report that their students use technology more
frequently than teachers at non-1:1 schools?

2. Do teachers at 1.1 schools report that they integrate technology diffetently
teachers at non-1:1 schools?

3. Do teachers at 1:1 schools report higher levels of technology competency than

teachers at non-1:1 schools?
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The first model simply contained 1:1 status as a dependent variable. The second model
added teacher-level variables, while the third model included both teacher- and sele
school-level variables. The fourth and final model included teacher-levablesiand
all of the school-level variables that were used to create the propensity fra@ehools.
Discussion

The survey results from this study indicate that 1:1 status has impacted schools
multiple ways. The results also revealed other teacher and school-leablesathat
have a relationship with the dependent variables in this study. This studydiiftere
many other studies about technology in education. While other studies have attempted to
evaluate the worth of educational technologies by focusing on impacts upon student
achievement, engagement, or other student measures, this study instead focused on
whether or not 1:1 programs were successfully-implemented technologyiediai he
findings from the study are divided into a primary and secondary findings section. The
first of these sections is the area of primary interest for this study.sé@ti@n reveals
the relationship between 1:1 status and each of the three research questioesul®&he r
discussed in that section reinforce the significant findings from Chapter 4nexhe
section contains additional findings but they were not the primary interéss ctudy.
The results in that section reveal teacher-level variables witbtistaly significant
findings. It is extremely important to note that those results are ntadeétal:1 status.
In fact, 1:1 status can essentially be ignored when discussing those results.
Primary findings

This study was designed to reveal the impact of 1:1 programs on threelresearc

guestions. Four separate multilevel models were conducted for each of #rehrese
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guestions. Each of the models had a unique set of variables, but each model contained
1:1 status as an independent variable. That independent variable was essentially the
reason for creating this study. Propensity scores, surveys, and the muttibeletlwere

all implemented so that the study would appropriately identify the coeffii@ettie 1:1

status variable. Although other variables were included in the various modelsgtieey

only included to control for other factors that may have had an impact on the dependent
variables. As revealed in Chapter 4, 1:1 status proved to be very connected to each of the
dependent variables in the study. Each of the twelve models used in this study, four per
dependent variable, revealed a statistical significance of p < .001 for the 1:1 status
variable. Although the coefficients did vary slightly between each of the foudsnode
created for each dependent variable, the substantive results were dgseatsame.

The following paragraphs describe those substantive results for each ottheetigarch
guestions in this study.

Resear ch Question 1.

Research Question 1 in this study was designed to assess whether or not students
at 1:1 schools used technology more than their peers at non-1:1 schools. This question
was included because the amount of time that students spend using technology is one way
to gauge whether or not a 1:1 initiative has been successfully implemergetiscAssed
in previous chapters, in the confirmation stage of Rogers’ innovation framework ,(2003)
individuals decide whether to continue adoption of an innovation or discontinue and
reject the innovation. Time is one of the two measures used in this study to assess
whether or not a school’s 1:1 implementation was successful. Although many might

assume that simply adding technology to schools and classrooms would increase the
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amount of time that students spend using learning technologies, Chapter 2 highlighted
how often that turns out to be a false assumption. Schools have often invested in
technologies that have failed to reach wide-scale adoption or use (Cuban, 198&:;, Saettl
2004). However, many educators might argue that 1:1 initiatives are unlike other
previous technology initiatives. Some even claim that 1:1 programs go firamembst
initiatives to change schools because they are such a major changear(iM#eston &

Bain, 2010).

The issue of student use of time was addressed by including a question on the
survey that asked teachers how often their students used technology during tharpast ye
Teachers were able to select their answers from a 7-point Likéat Sidae responses
ranged from Not at all' to “Daily.” Results from each of the models used for this
guestion were very similar. The results indicated that teachers ahbdlsceported
that their students used technology significantly more than students at non-1:1.schools
The coefficients for 1:1 status from the four models ranged from 1.04 to 1.14. Using the
smallest of those coefficients, the results could be interpreted as falbovesierage,
teachers at 1:1 schools reported scores that were 1.04 points higher than teachers at
non-1:1 schools on the 7-point scale representing how much time studergshmssdgy
When interpreting this finding, it is important to note that the dependent variable in the
study is not a continuous variable. Because the time variable was an ordialeydri
isn’t possible to make a precise statement about how much more time 1:1 teachers
reported that their students used technology. The more important pracégaiatetion

is that it is quite clear that 1:1 teachers reported that their students usealdgg much
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more frequently than non-1:1 teachers. The implications of these resultscurssdd
later in this chapter.

Resear ch Question 2.

Research Question 2 in this study was designed to analyze whether dr not 1:
educators integrated technology differently than non-1:1 educators. Theialefioit
integration in this study is “the extent of use of various technologies in theoclassr
This dependent variable is similar to the time dependent variable from ReQe@stion
1, but there is an important distinction. The first variable of time simply focused on how
much time teachers reported that students used technology. The integratioe vaigbl
beyond that and captured the use of 14 specific technology tools. To highlight the
difference, consider a teacher who had students use email every day but digratente
any other technologies into the classroom. That teacher would have a higfostoe
time variable, but a low score for the integration variable. Therefore, dgFatibn
variable captures much more than just time and reflects the integrationdd eawge of
technologies. Those various technologies in this study included the 14 items that were
used to create the integration score, which served as the dependent variablgé&ot this
of the analysis. “Q3” in Appendix E displays the items that were used to dratte t
variable. Teachers were asked to respond to what extent they used each of the. 14 item
They responded to the question on a 4-point Likert scale that rangedNiarat‘all’ to
“A large extent Their responses for each of the 14 items were aggregated together and
then converted to a standard deviation score. This research question, like the first
guestion, also was an indicator of whether or not teachers embraced technology. The

confirmation stage of Rogers’ innovation framework (2003) indicates that individuals
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decide to either continue to use or to reject an innovation. The results indicated tha
educators were much more likely to embrace the use of technology in tesroola

than their peers. The coefficient for the 1:1 status variable ranged frono @32t

between the four models. Using the most conservative result of 0.28, the results could be
interpreted as follow€On average, teachers at 1:1 schools reported scores that were

0.28 of a standard deviation higher than teachers at non-1:1 schools on the 4-point scale
representing how much they integrated technology into their classroamsore
straightforward interpretation is that 1:1 educators reported much higher osaige

scores for the 14 items used for the integration dependent variable.

Technology can certainly be viewed as an innovation in schools. One way to
gauge whether that innovation was embraced was to analyze the technologyianeg
scores. The findings from this study indicate that 1:1 teachers did have ihigigeation
scores than their non-1:1 peers. These results, along with the results fesncRes
Question 1, indicate that 1:1 teachers are more likely to adopt technologihise.
acceptance of the innovation falls into Rogers’ (2003) last stage in the fieeastagtion
process. Teachers at 1:1 schools are clearly using technology, in respretand
integration, more frequently than their non-1:1 peers.

Resear ch Question 3.

The final research question in this study attempted to address teacher technology
competency in relation to 1:1 status. The research question was connected to the TPACK
framework, which identified pedagogy, content, and technology knowledge as the three
most important components to successful technology integration. Although this study did

not analyze the pedagogy and content knowledge of educators, this question analyzed
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their technology knowledge. There is certainly no indication that the pedagogy or
content knowledge of 1:1 teachers would be any different than their non-1:1 peers. The
TPACK model would indicate that higher technology knowledge is one of three pieces to
increasing integration. Therefore, increased technology knowledge, or conyete

could be viewed as one piece of the three-pronged TPACK approach to increase
technology integration.

The competency scores used in this study were created frosutwey questions.
The first survey question for competency scores (Q5) related to a teakiibasising
technology for instruction and the second question addressed general technology use
(Q8). Responses to these two questions were recorded on a 4-point Likertragalp ra
from “Not at all' to “Large extent The results indicated that teachers at 1:1 schools
reported significantly higher competency scores than teachers at non-1:1 .sdhols
coefficient for the 1:1 status variable ranged from 0.29 to 0.35 between the four models.
Using the most conservative result of 0.29, the results could be interpreted as follows
Teachers at 1:1 schools reported technology competency scores that were 0.29 of a
standard deviation higher than teachers at non-1:1 scho@ggin, the more practical
interpretation is that it is quite clear that 1:1 teachers in this stpdyteel higher
technology competency scores than teachers at non-1:1 schools.

This finding may be the most surprising of all the findings in the study. Although
the models take various variables into account, it could be argued that the 1:1 educators
and non-1:1 educators in the study have similar backgrounds. This finding indicates that
1:1 teachers have somehow become more competent with technology than their peers.

The reasons for this may be less clear. Technology competency could be baheseb
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1:1 schools also have made greater investments in training their te@gasing
technology integration and implementation. It is also possible that increassd &xc
technology among 1:1 teachers increased their competency. Regardiessarfwhy,
that increase in technology competency could be viewed as a very sigrbtcefit of
1:1 initiatives.

Increasing teacher technology competency may be one way for schoolsrto bette
prepare 2% century learners. The results of this study indicate that moving to 1:1 status
is one powerful way to improve those competency levels. Although other facters we
certainly part of the process that produced higher competency scores, lti¥esitia
obviously had an impact. As schools consider the types of teachers that thegdvant a
the skill sets of those teachers, these results have important implicatibaseth
discussed in depth later in this chapter.

Secondary findings

The findings in this section were revealed in the multiple models that were
created to answer the three research questions in this study. It is imfmortatd that
these results are not reported in relation to 1:1 status. These variableschueledi in
the various models to account for possible teacher and school-level differatcaayh
have been related to the dependent variables. The variables discussed in this sextion w
statistically significant. The first of those sections discusses ldtereship between
each of the three research questions and teacher age. The next section focashsron te
content area and the connection to each research question. The final sectimesxhe

school-level variables that were included in the models.
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Age.

As mentioned previously, the time and integration variables seem quite similar.
However, there are important differences between the two. Those difeneay help
explain the results reported in this section. The time variable was apsaifecemeasure
of the amount of time that teachers reported that their students used technotbdy. It
not indicate if multiple technologies were integrated in the classroom. Aifmglstore
simply indicated that technology was used frequently. The integration variable did
include 14 various technologies scores that were used to create an integoaigon sc
Teachers who scored high on the integration variable reported that their studérts use
wide variety of technologies frequently. It is also important to note that agyeeparted
as a dummy variable, and tBe- to 30-year-olctategory was used as the reference
category. Table 8 in Chapter 4 displays additional information about the age variable.
With those distinctions clearly in mind, the results in this section can be tearl/c
understood.

There were not any significant differences regarding teacher regdhis amount
of time that students use technology by teacher age. This finding may be in eatfilict
commonly held beliefs about the relationship between age and technology use. Many
educators (and others) tend to believe that younger teachers have clasgel in w
students use technology more frequently. This finding indicates that age iowmran
the amount of time students use technology. However, this finding cannot be discussed
without considering the results from the integration research question. Thoke aee

reported in the following paragraph.
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Teachers in th20- to 30-year-oldcategory had significantly higher integration
scores than their peers in each of the other four age groups. These resuttitiaita
those teachers scored higher across the 14 items that were used to generatgakiennt
scores. These findings may be reflective of personal learning expesias well as the
differences in the teacher training that each group experienced. Althougivéisese
teacher training variable on the survey, it was not included in the model becaase it w
highly correlated with the age category. That result alone may indzteeachers’
college training impacts how they integrate technology in the classroom. When
interpreting the results from the first two research questions togetheteeesting
finding is revealed. Although age doesn’t appear to have any relation to the amount of
time teachers reported that their students used technology, it does have ienpegbon
the ways that teachers reported that their students used technology.

The final research question revealed thabeto 30-year-oldyroup had
significantly higher competency scores than individuals in any of the atheade
groups. As mentioned previously in reference to integration scores, this could be
reflective of the different personal experiences and professional leaxpegiences of
teachers from various age groups.

Although the age variables were not the focus of this study, these results are very
consequential to educators in both 1:1 schools and non-1:1 schools. They may
potentially help school leaders provide professional development that is bettgrfauite

all teachers. A more in-depth discussion of these implications occurslttesr chapter.
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Content.

Additional secondary findings in the study reflected the diffelierg,tintegration,
and competency scores reported by teachers in different content arettss stoidy,
teachers were classified into nine content area categories. Thersaovas &ther”
category that included teachers from a variety of content areas. heilg¢ variable,
these variables were also dummy variables, with language arts used agtneeefe
category. Again, as with the age variables, these findings are not relatechtwoéis 1:1
status.

These results indicated that teachers in five content areas reportéebihat
students used technology significantly less than students in language arts ceunses.
arts, foreign language, math, PE/health, and science teachers reportie€itisatdents
used technology less frequently than language arts teachers. Sghecadian teachers
were the only group that reported that their students used technology more fgequentl
than language arts teachers did. Unlike the age variables, the resultsdrme
variable closely mirrored the results of the integration variable. Allditbe content
areas listed as having lower time scores also had lower integraties.sddre one
difference with the results from the integration models was that theraata
significant difference in integration scores between special educatioarandhe arts
teachers. These results may indicate the need for certain contenb a@asider
additional ways to integrate technology in their classrooms.

There were also some significant differences in the technology competeney sc
of educators. Foreign language, math, and PE/health teachers reported lomaotgc

competency scores than their language arts peers. Each of those thneteaceasealso
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had lower time and integration scores. These findings may have very serious
implications for teachers in those areas with lower scores. They noayedsschool
leaders better take into account the unique needs of teachers in different amasnt
The implications section of this chapter addresses this issue much more tharoughly

School-level variables.

A quick glance at the school-level variables may result in the improper
interpretation of the model results. For example, after glancing gtddeation rate
variable in the time model, the following interpretation is liké&lg.graduation rate
increased by 1 percentage point, the teacher scores for time their students used
technology decreased by 0.028 of a standard deviatitmwever, that interpretation
would be false. It is important to note that those school-level variables werghgom
2007-08 school year, and the time variable was from the 2012 survey. For that reason,
the interpretation above is essentially meaningless. School-level vamadreacluded
in the modebnly to account for those differences between schools in the study.

Implicationsfor Practice and Policy

The results from this study indicate that 1:1 initiatives can be used as #olever
change schools and teachers. Each of the study variables of interestunyhetisne,
integration, and competency - were impacted significantly by a school’'satu.s The
results indicate that teachers at 1:1 schools reported that their studentsgeaienees
that students at non-1:1 schools do not. The findings also indicate that 1:1 teachers
develop a skill set that is different than other educators. The practicatatgoiis of
these primary findings, as well as some of the additional findings, ardificstssed as

they pertain to school policymakers and leaders and then for teachers. Each of thos
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sections also provide details about the primary and secondary findings discussed in the
previous section.
Implicationsfor policymakersand school leaders

This study revealed findings that have implications for 1:1 policymakers and
school leaders as well as others interested in the impacts of technologgatien. This
section begins with a discussion of the impacts of 1:1, and concludes with a discussion of
the general implications of the secondary findings that were discussed in tloaiprevi
section.

1:1implications.

The results of 1:1 status have important implications for policymakers and
administrators. Numerous technology initiatives have occurred over theepastycor
more. However, they often have failed to be fully implemented. Film, radio,
instructional television, and many computer initiatives are all exampteshofiology
that never reached the potential that many had envisioned for them (Cuban, 1988; Saett
2004). A U.S. Department of Commerce (2003) report indicated that education was
lagging in technology intensiveness when compared with other industry sectors.
Although many barriers to technology use have been identified, one of the most common
barriers is lack of resources (Hew and Brush, 2006). This study affirms hpostamt
resources are to technology use in schools. Teachers at 1:1 schools did repoit that the
students used technology more frequently than students at non-1:1 schools. When
viewed through the lens of Rogers’ innovation framework (2003), this finding would
indicate that 1:1 teachers accepted the innovation as evidenced by the amoomt of ti

their students used technology. Although this finding is important, it wasn’t eéesign
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evaluate the value of technology. Policymakers and school leaders muswvéssther

or not they believe that students should be using technology more frequently in schools.
Some may not see student use of technology as an important goal of their school.
However, many school leaders do want to increase the amount of time their students use
technology in schools. This study indicates that 1:1 initiatives are one way to
successfully increase the amount of time that students use technology.sitiliikas

very serious implications for board members and other policymakers who entitwace t
concept of having students using technology more frequently. Many self-predlai
education technology enthusiasts frequently stress that providing technohogyass
important to technology integration as providing appropriate training. Thesllganay

go so far as to claim the technology itself is unimportant. This study didsrhttto

analyze which of those two components was more important. However, it did reveal that
access to technology does matter. Change is often difficult for policymakers t
implement. There are often roadblocks and a lack of fidelity with many change
initiatives that result in failed implementation. The 1:1 initiatives inghidy did

successfully implement system-wide change in respect to the amount didime t

teachers reported that their students used technology.

Research Question 2 in this study related to technology integration and was
closely connected to Research Question 1. Like the first question, the fiesulthis
guestion were used as a measure to determine if 1:1 initiatives were imigdme
successfully. The difference between the two variables is that Resasstio 1
simply reflected the time students use technology while Research@pu2sinalyzed

how often students used a variety of different technologies. In Chapter 2, a multitude of
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reasons were provided for poor technology integration at schools. Hennessg@a3)I. (
described the lack of investment in learning and teaching with technologyll as e
culture where teachers work as challenges to integration. Lack of relevarie#gew

low self-efficacy, existing belief systems, and the context whechéeswork were
additional challenges to successful integration (Ottenbreit-Leftwich, 20480y

schools have tried and failed to successfully improve technology integrathogirin t
classrooms. The results from this study indicate that becoming a 1:1 school syoioe w
successfully increase technology integration. As with the time varibbksg tesults

have serious implications for policymakers. Schools that value technology fiegra
may consider implementing a 1:1 program as a viable solution to increasatioteg
across a school or district. The results should not mistakenly be used to downplay other
important ways to increase integration such as providing teachers with apgropriat
professional development. However, they do reinforce the results from titiesghat
report the importance of providing adequate resources (Bauer and Kenton, 2006; Hew
and Brush, 2006).

Policymakers also should not overlook that this study indicated that 1:1 educators
reported significantly higher technology competency scores than non-1:1cdudss
schools strive to improve technology integration, increasing teacher technology
competency is one way to do that. The TPACK model identifies technology knowledge
as one of the three most important factors to increase and improve technologyiamegrat
Policymakers frequently analyze ways to increase the skill seenfteachers. Although
this study did not evaluate why 1:1 teachers reported higher technology eonypet

scores, they clearly did have higher scores. It is certainly possibladkatdcores were
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higher due to the increased amount of technology professional development at 1:1
schools. It also may be possible that having classrooms full of students with emmput
forced teachers to become more technology savvy. Unlike non-1:1 schools, teichers a
1:1 schools were unable to simply ignore technology because they were surrounded by it
every day.

Very often, decisions about becoming 1:1 are made by district officials lyut the
certainly impact building-level leaders. Those building-level leadeis toe@cognize
the changes that may come with the transition to becoming a 1:1 school. Results f
this study indicate that teachers at 1:1 schools reported that students usedgamooe
frequently and teachers also integrate technology more often. Theywdatedethat
teachers reported becoming more competent with technology. Building lezalerse
these findings in two important ways. The first relates to professiondbgevent.
Non-1:1 principals may want to use the results from this study as a drivaggtfor
ensure that their students have increased access to technology. Thdwrfocus
professional development may include time that will increase teachdl’eg&i with
technology. The TPACK model affirms the need for teachers’ technology, qupdamd
content knowledge. It is likely that non-1:1 educators have similar competanciend
pedagogy and content knowledge. By increasing technology knowledge anatibs rel
to the other two TPACK components, school leaders may also improve technology
integration at their schools. Principals at 1:1 buildings can also use thigsyuige
professional development. The study findings indicate that as schoolddrattsa 1:1
program, it is likely that the needs of their teachers will change. Time,atitegrand

competency scores were all higher at 1:1 schools. Those teachers aite Iiiedd a
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different type of support than teachers at non-1:1 schools. The second important way
building-level leaders may use these results is through the evaluation andkeedba

process. The evaluation and feedback process is one way that principalstdgeons

what characteristics are important to them. Non-1:1 leaders may yniitit to simply

focus on the amount of time that students are using technology as a tool to help increase
technology use. On the other hand, 1:1 school leaders may be more concerned about how
the technology is being used than how much it is used. These distinct differences

certainly could impact the ways that walk-throughs, evaluations, and otbdbatéetools

are implemented.

General implications.

The implications above were all directly related to a school’'s 1:1 statuy. The
reflected recommendations and considerations for policymakers and buildihg-leve
leaders when making decisions about technology in their schools. The next set of
findings are not related to a school’s 1:1 status. The implications are mearondpotH
1:1 and non-1:1 school leaders.

The fact that there were not significant differences in student use of tegiinol
dependent on teacher age is a very interesting point to consider. That findingethdica
that providing resources and other supports may be a much more important component
when considering how to increase student time using technology. However, that point
should not be considered without recognizing that all age groups had integration scores
that were significantly lower than ti28- to 30-year-oldyroup. This result indicates that
age was not related to how often technology was used, but it was related to thieatvays

technology was used. Leaders should acknowledge that different age groups have had
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different personal experiences as well as educational expesiesurrounding technology.
Designing professional development that is differentiated would be one wap to he
address the unique learning needs of all teachers. These results may indicztket
teachers are not resistant to using technology in their classrooms.d hiséegesults may
demonstrate that they do use the technologies that they are comfortable tiveir
teaching. Because of their training and personal experiences, they mdatdess
exposure to certain technologies than younger teachers. The findings from the
technology competency variable may support these implications. Those findings
indicated that older teachers reported lower technology competency tHdh the30-
year-oldgroup. Again, all of these results support the strong need for differentiated
professional development and training for educators. School leaders who wamige cha
the ways that their students use technology need to provide teachers vattosksié
technology. The time variable seems to indicate that there isn’t a feékpgprehension
among older teachers to use technology. The integration and competencyvariable
however, may indicate that older teachers have had less training on implementing
different technologies.

There were also multiple content areas that reported less time andtiotegith
technology. Fine arts, foreign language, math, PE/health, and sciencesedided
significantly lower time and integration scores than language arts tsadhaen
discussing these results, it is important to acknowledge that some would argue that
increasing time using technology and technology integration are less importanain
content areas. For example, it is certainly feasible to believe thantaméas such as

PE/health, may simply have lower amounts of time that students use technolagyebec
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of the nature of the discipline. Technology, at least as defined in this study, meag be
important to certain disciplines. Outside of PE/health, it may be less conyiocargue

that the other content areas should report that their students are using techsslogy le
frequently. These findings bring attention to the point that content area should be
considered when designing professional development. Teachers should be provided with
examples and experiences that are applicable to their content area. Teeetdwssee
models that are applicable to their content area rather than a general datoonstr

around technology integration.

The results around both age and content areas highlighted the need for
differentiated professional development. Teacher preparation programs hairdycert
changed in the last 40 years. Leaders must realize that those variedreogsewould
impact a teacher’s technology competency. The unique challenges and fi@iagh
content area are also important considerations to keep in mind when designing
professional development. School leaders may believe that technology amwypete
less important for certain content areas and may decide against focuséthrmiogy-
oriented professional development for those educators. Other leaders reag fostis
on identifying ways to help those individuals improve their technology competency.
Although this study doesn't identify a correct approach, school leaders and pakrgma
should at least be aware of the differences that exist. These results shpsichbel
leaders better design professional development, and it should also help them as they

design systems to provide feedback to educators.
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Implicationsfor teachers

The implications in this section are presented in the same way as in the previous
section. Initially, those implications related directly to 1:1 status aceissed. The final
portion of this section discusses the general implications that are naod telatbether or
not a teacher works at a 1:1 school.

1:1 teacher implications.

As teachers consider the type of environments in which they work, 1:1 programs
have the potential to change the look, feel, and activity in their classroonthtiohily,
simply adding technology has not guaranteed an increase in technology user. Ertm
(2005) noted that although technology availability has increased drasticadtyeimt r
years, high-level use still is surprisingly low. The results from thidysindicated that
teachers in 1:1 schools reported that their students do use technology sigyificastl
frequently than do teachers in non-1:1 learning environments. Many teachers would
view that shift as positive but others may have concerns about students using tgchnolog
for increased amounts of time. Teachers who teach in 1:1 schools will need to be able to
design lessons that acknowledge and take advantage of students’ increased use of
technology.

As teachers have tried to integrate technology, there are also mamyghalthat
they have faced. Chapter two included a discussion about many of those challenge
teachers and schools have encountered while integrating technology. Thaditera
indicated numerous teacher challenges that hindered successful integratiom. Thos
challenges included lack of training, personal characteristics, conéentatures, and

“conservative teacher and school cultures” (Hennessy, Ruthven, and Brindley, 2005;
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Ponticell, 2003). Hew and Brush (2006) reviewed numerous studies between 1995 and
2006 in order to identify common barriers to technology integration. The most common
barrier that they identified was resources. This study highlights the imperté

providing resources to improve technology integration. Teachers at 1:1 schools, who
obviously have more access to technology, had much higher integration scores. Although
the other barriers described in the literature are important, these fimaliiggte that

providing resources may be one of the most effective ways to increase integration of
technology.

These findings are important because they recognize that a 1:1 school may be a
totally different environment in relation to technology integration and time using
technology. Teachers in those technology-rich schools have new possibilities and
challenges that they will face. They need to recognize that theircdass look
different than traditional classrooms. They also need to consider classromgement
issues that may not be relevant to other educators. Another considerationtaiitlyer
be around the work that students do in the classroom. Educators at 1:1 schools may need
to rethink their assessments along with the design of their classrooms. Th& TPAC
model stresses the importance of the intersection of technology, pedagogy, ant cont
knowledge. Those 1:1 teachers need to think about how pedagogy and content both
interact with technology. This study revealed that 1:1 programs changed héw muc
students used technology. It also displayed the changes in how teachers reyubetad st
used technology. These two findings need to be considered carefully when designing
instruction. Non-1:1 educators also should acknowledge these findings. With ayispari

in resources, they face additional challenges in order to increase the amouayand w
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students use technology. All of these findings indicate that 1:1 status does have an
impact on schools. They also make clear that a 1:1 classroom potentially magipok v
different than a non-1:1 classroom.

General teacher implications.

The other important implications for teachers relate to the variableslémaified
certain age groups and content areas of teachers with lower time, iotegrati/or
competency scores. Those results may indicate that certain groups, both ageeantd cont
groups, have not had the training or experiences that allow them to use techhelogy li
many other teachers have been able to do. For that reason, educators shoulgl carefull
consider the type of training and workshops that they attend outside of the school
environment. By participating in professional development that models effective
technology use, they may be able to better use technology in their classrooms.

Because 1:1 initiatives are a school-wide initiative, the results frerattidy may
have the largest implications for school leaders. As leaders they detéomirie
allocate funds, implement programs, and are forced to make decisions aboulehef val
different initiatives. The results of this study indicated that 1:1 inéathave had a
major impact on schools. However, those results don’t indicate that 1:1 initiatteres
right for all schools. School leaders and policymakers must decide not only are the
results from this study meaningful for their school, they also need to detafnhieg are
worth the costs that come along with a 1:1 program. Many educators acrdssetioé s
lowa, as well as across the country, have determined that a 1:1 initiateréaislly a

worthwhile investment.
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Theoretical implications

This study was developed with two distinct frameworks in mind. The first two
guestions in this study were related to Rogers’ theoretical framework afidaihe
research question related to the TPACK model. This section highlights howdke st
results connected to these two frameworks.

Using digital technology in the classroom could certainly be viewed as an
innovation in schools. Although all schools have implemented digital technologies in
some manner, the results of those various innovations look very different. This study
attempted to analyze if 1:1 schools accepted digital technologies at higdisrthan
their non-1:1 counterparts. Because of limitations on the data that was dolitewstzs
not possible to analyze technology through each of Rogers’ five stages it lédtsly
that each school looked very different during each of those four stages. However, this
study was able to analyze the confirmation stage of Rogers’ innovation foaknefor
policy makers, that stage is certainly extremely important. Polakens want to know
whether or not their investments actually are being used in schools. Chapter 2
highlighted that many previous technology initiatives have failed to be effgctivel
implemented. In Rogers’ confirmation stage, individuals decide whether to continue
adoption or discontinue and reject the innovation. This study analyzed if technology was
accepted differently at 1:1 schools. The first research question used time secothe
guestion used integration as measurement tools. Findings for both questions indicated
that 1:1 educators used technology more frequently and in more ways than non-1:1

educators.
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The results of the first two study questions may seem obvious to some. It is easy
to assume that the results were due to the fact that students simply hadceesa@
technology. However, more access hasn’t always resulted in higherdéusks. For
example, Ertmer (2005) noted that although technology availability has intrease
drastically in recent years, high-level use still is surprisingly ldtve lowa Department
of Education (2011) reported that the 2010-2011 student to computer ratio for the state
was one computer for every 2.6 students. That ratio would likely be even lower if it only
included high schools. These statistics indicate that most non-1:1 teacheradyave e
access to technology.

The findings of this study indicated that 1:1 educators accepted and implemented
technology more frequently and in different ways than their non-1:1 peers. These
findings indicate that 1:1 initiatives have been ‘accepted’ as viewed throughsRog
framework. This may be due to the very unique nature of 1:1 initiatives. In many other
technology initiatives, teachers essentially had the choice whether or net to us
technology. Even in non-1:1 schools with very low student-to-computer ratios, geacher
still can choose to not use technology. At 1:1 schools, every student has a computer
essentially throughout the entire school day. That may be a key reas@awudagors no
longer can choose to ignore technology. With a classroom of students with computing
devices, teachers are almost forced to consider using technology in the classcoem. N
1:1 teachers certainly can choose to use technology in their classrooms@pehits
that most have easy access to technology. However, this study made hatléaeyt did

not use technology nearly as frequently as their 1:1 peers. The stully desindicate
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that 1:1 educators seem to accept technology in the classroom as evidenced by the
research questions regarding time and integration.

The final research question addressed whether 1:1 educators reported higher
technology competency than non-1:1 educators. The TPACK model stresses the
importance of pedagogy, content, and technology knowledge in order to deliver effective
instruction (Harris, Mishra, & Koehler, 2009). Shulman’s (1986) earlier model
highlighted how teacher preparation had moved from very content-focused to very
pedagogy-focused when his article was written in the 1980s. He termed tbe phra
pedagogical content knowledge and stressed the blending of the two areas i order t
deliver more effective instruction. TPACK adds technology to Shulman’s moded. T
study analyzed whether 1:1 educators increased their technology knowledge,dut it di
not address content or pedagogy knowledge. It certainly can be arguedréhat tioe
reason to believe that the content or pedagogy knowledge of 1:1 educators is different
from other educators. However, this study did indicate that 1:1 educators repdnd hig
levels of technology knowledge than non-1:1 educators. Using the TPACK model, this
finding is very significant and would indicate that 1:1 educators are bettepatdéver
effective instruction in their classrooms because of their use of technolegyolidy
makers and other school leaders attempt to make changes in their schools, it hppears t
a 1:1 initiative may be one way to change the delivery of instruction.

Using Rogers’ Diffusion of Innovation Theory and the TPACK model, this study
has serious implications for policy makers. It appears that 1:1 initiativesrésulted in
educators embracing or accepting a technology innovation when viewed through’ Roge

framework. It also seems clear that 1:1 educators have substantailytisémed one of
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the three types of knowledge the TPACK model identifies as being esseflial t
delivery of effective instruction. These results may help policy makeregsletermine
whether or not to implement a 1:1 program.

Implicationsfor Future Research

The research around 1:1 schools is very limited and frequently has involved very
small samples. This study added to the body of research on 1:1 programs hatdtiére
a major void in the literature on this topic. This section identifies numerous areas f
future research as well as some of the limitations of this study.

One of the first steps in this study involved creating propensity scores sdlthat 1:
schools could be compared to similar non-1:1 schools. The literature on propensity
scores indicated that propensity scores should be created based on theeli(8readish
and Steiner, 2010). With that in mind, those variables that the literature identified as
common traits of 1:1 schools would have been used to generate the propensity scores.
Unfortunately, there is not a body of research that identifies why schoolstineake
decision to become 1:1 schools, or what those schools look like. This study did collect
guantitative data that displayed differences between 1:1 schools and non-1:1 schools.
However, this study did not identify why schools became 1:1 schools. A gualitative
study that included interviews with 1:1 administrators and policymakers nyay hel
identify some of the reasons they made the decision to become a 1:1 school.

This study also didn’t analyze the impact of professional development on 1:1
programs. Previous research has cited professional development as one of the most
important components of successful 1:1 programs (Drayton, Falk, Stroud, Hobbs, &

Hammerman, 2010; Shapley et al., 2010). Unfortunately, like much of the 1:1 research,
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that research is very limited. As schools strive to make their 1:1 proguacessful,
they want to know how to successfully implement meaningful professional development.

Future research that closely evaluates how 1:1 initiatives impact suslaigo
needed. This study included self -reported teacher data but did not have any stetient le
data. Observations and interviews would be two ways to begin to identify how 1:1
initiatives are impacting students. Researchers may also consigetawevaluate the
work that students are doing in 1:1 schools. Although research does exist on student
achievement and student engagement, that research is also fairly limitedudié® s
often involve very small sample sizes and schools in their early years of 1:1
implementation.

As schools make the transition to 1:1 computing environments, they also want
recommendations for successful implementation. This study lumped all 1.1 schools i
one pool but there certainly are schools that have implemented 1:1 programs more
successfully than others. If successful 1:1 schools can be identified, they shoudd the
studied to identify the processes and other factors that made them successful.

Although 1:1 programs are not a new phenomenon, the research is certainly
lagging. School leaders across the country are currently deciding if ano heswome a
1:1 school. Their decisions will have major cost implications for their distrinterder
to help school leaders make better-informed decisions, researchers haveaskuge t
They first need to identify if and when 1:1 implementation is successful. thbeyeed
to help identify the ways to implement 1:1 initiatives successfully. iBigrnumber of
1:1 schools across the country should be an indication that 1:1 schools are not a fad that

will disappear in the near future. It actually seems apparent that withitiex ofayears,
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1:1 schools may become the norm rather than the exception. During this time of
transition, the role that researchers play may serve as an accelerantapithy
spreading initiative.

Conclusion

This study was conducted to research and examine the impact of 1:1 initiatives on
three different areas. These results added to a very small body ofhemed included a
larger number of schools than most 1:1 studies to date. The investigation was conducted
using data from the lowa Department of Education, the Common Core, and teacher
survey data. Although the data were disaggregated for multiple teacher and seélool |
characteristics, the study was designed to analyze the impact of a schbs.

Those additional results were reported, but they were not the focus of this shode T
additional characteristics were instead included to account for other plodéfei@nces
between the educators who responded to the survey.

This study is also unique simply because of the uncommon nature of
implementing a 1:1 program. Throughout Chapter 2 various technology initiatives we
discussed. Most of those technology initiatives failed to get adopted widelgdhets.

A 1:1 initiative is different from previous technology initiatives in that 1:1 schalalse
a piece of technology in the hands of every student. Those other initiatives involved
technologies that could primarily be viewed as classroom technologescbet-centric
technologies.

The results from the 1:1 schools also were very compelling. Each of taechese
guestions identified systematic differences between 1:1 educators and non-atbreduc

The results for each of the questions were significant at a very high levedQd) in
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each of the four models. Those results for the time and integration components indicated
that technology, if viewed as an innovation, was adopted successfully at the 1:1 schools.
Research Question 3 identified increased teacher technology compétéricgahools.

That finding would indicate that those 1:1 schools could also expect increased levels of
technology integration if the TPACK framework is applied.

Over the past four years, the number of 1:1 schools in the state of lowa has
exploded. That growth has occurred without much analysis of the ways that these
schools have changed. This study did indicate that 1:1 schools looked substantially
different from non-1:1 schools on each of the three research questions from this stud
Although the literature revealed the poor results of many previous technologtpvies,

1:1 programs seem to have caused fairly quick changes in very large ways.

This study revealed that teachers reported that students at 1:1 schools used
technology significantly more than peers at non-1:1 schools. The study alsodeveale
changes in teacher behaviors. Teachers at 1:1 schools were more likely hgghave
integration and technology competency scores that non-1:1 teachers. Taukseloes
indicate that the investment in 1:1 programs has resulted in some major school level
changes. Like nearly any educational issue, this is a very complex ldsuever, if we
truly believe it is important to have students use technology more frequently in more
meaningful ways, 1:1 initiatives may be one way to help achieve those goals.

School leaders are often seeking ways to make systematic changes and
improvements in their schools. However, many initiatives fall short of ansysteange
and we see “pockets of greatness” in schools. Even in the most unsuccessful school, it is

possible to find classrooms where teachers are doing amazing things.sdltseefrem
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this study indicate that 1:1 initiatives are one way to successfullyténfiystematic
change. A guestion for school leaders is whether or not this change is something that

they want at their schools, and whether or not it is worth the cost.
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Table A1
School-Level Variables

Variable

APPENDIX A. VARIABLE DESCRIPITONS

Description Data Source

School Enroliment

% Proficient 11th Math

% Proficient 11th
Reading

% Female

% Nonwhite

% Free and Reduced

Student to Teacher Ratic

% ELL

% IEP

Enroliment data contained the number of students in grades 9-12.  wa DHo

Percent of students in 11th grade proficient (scommgbbve the 41st lowa DE and personal
percentile) in math. email

Percent of students in 11th grade proficient (scoring at or above the 4lbsta DE and personal
percentile) in reading email

Enrolliment data on the percentage of females in grades 9-12. DHowa

Enroliment data on the percentage of ethnicities in other then white inlowa DE
grades 9-12.

Percentage of students that qualify for free or redubead lynacles 9- lowa DE
12.

Ratio of students to teachers in grades 9-12. lowa DE

Percentage of students in grades 9-12 that are English Languagerke lowa DE
in a district.

Percentage of students in grades 9-12 that are on Individual Educati@@ainmon Core of Data
Plans in a district.
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Table A1 Continued
School-Level Variables

Variable Description Data Source

% Discipline Occurrences This included in-school and out-of-school suspensiornkas we  lowa DE
expulsions as a percentage of students.

Students per Computer District data containing the number of students per computer. lowa DE

Graduation Rate District data containing 4-year cohort graduationfoatgsidents. lowa DE

Teacher Avg. Age District data containing the average age of tedonetudents in lowa DE
grades 9-12.

Teacher District Experience  District data on average years attlestperience in teachers in lowa DE
grades 9-12.

Principal District Number of years of district experience of principals. lowa DE

Experience

Age of Principal Average age of principals in grades 9-12 for an entirecdistri lowa DE

Superintendent District Number of years of experience in the district for superintendents. lowa DE

Experience

Rural The rural variable was one of four location values for each school. Common Core of Data

Those categories were city, suburb, town, and rural and they were
based on the school's physical address.
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Table A1 Continued
School-Level Variables

Variable Description Data Source

Percent >25 with College  Percent of population in the district that are 25 years or older that h@aeenmon Core of Data
Degree a college degree. This percent includes all types of college degrees

earned and is taken from the Census 2000 School Tabulation (STP2)

table number P37.

Percent >16 in Labor Force  The number of individuals with employment status ofabone Common Core of Data
force as reported on the 2000 census.

Medium Family Income Median family income in 1999 dollars as reported on the 2008.ce@@mmon Core of Data
The median incomes were divided by $10,000 so that results could be
more easily interpreted.
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Table A2

Teacher-Level Variables

Variable Description Data Source

Age 31-40 This is a dummy variable for age, and?heto 30-year-old groups ~ Teacher survey
the comparison group.

Age 41-50 This is a dummy variable for age, and?heto 30-year-old groups ~ Teacher survey
the comparison group.

Age 51-60 This is a dummy variable for age, and?heto 30-year-old groups  Teacher survey
the comparison group.

Age Over 61 This is a dummy variable for age, an@®thdo 30-year-old groups  Teacher survey
the comparison group.

Fine Arts This is a dummy variable for content area taughtleengdiage artss  Teacher survey

Foreign Language

Math

PE/Health

Science

Soc. Studies

Sp. Ed.

the comparison group.

This is a dummy variable for content area taugharmudge artss
the comparison group.

Teacher survey

This is a dummy variable for content area taught, and language arfBaacher survey

the comparison group.

This is a dummy variable for content area taughfaagdage artss
the comparison group.

This is a dummy variable for content area taughtangdage artss
the comparison group.

This is a dummy variable for content area taughgragubhge artss
the comparison group.

This is a dummy variable for content area taughtaagdage artss
the comparison group.
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Table A2 Continued
Teacher-Level Variables

Variable Description Data Source

Voc. Ed. This is a dummy variable for content area taughtleangtiage artss  Teacher survey
the comparison group.

Other This is a dummy variable for content area taughtlaangiiage artss Teacher survey
the comparison group.
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APPENDIX B. MULTILEVEL MODELS

Table B1

Reported Coefficients with Integration Dependent Variable

125

1:1 Status

Age 31-40

Age 41-50

Age 51-60

Age Over 61

Fine Arts

Foreign Language

Math

PE/Health

Science

Soc. Studies

Sp. Ed.

Voc. Ed.

Other

School Enroliment
Student to Teacher Ratio
Local Revenue

Avg. Principal Age

Supt. Dist. Experience
Rural

% over 16 in Labor Force
% IEP

Graduation Rate

Dist. Experience Principal
% Nonwhite

Students per Computer
% over 25 with College Degree
Median Family Income

% Prof. 11th Math

% Prof. 11th Reading

% Female

% Free and Reduced

% ELL

% Discipline Occurrences
Teacher Avg. Age
Teacher Avg. Dist. Experience

Model 1

Coefficients

Model 2

Model 3

Model 4

X

><><><><><><><><><><><><><><><
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APPENDIX C. IRB LETTER

Institutional Review Board
IOWA STATE UN IVERS ITY Office for Responsible Resear
OF SCIENCE AND TECHNOLOGY Vice President for Research

1138 Pearson Hall

Ames, lowa 50011-2207

515 294-4566

FAX 515 294-4267

Date: 11/4/2011

To: Nick Sauers CC: Dr. Scott McLeod
326 E 6th St N231 Lagomarcino
Des Moines, IA 50309

From: Office for Responsible Research

Title: 1:1 Laptops Implications and District Policy Considerations

IRB ID: 11-492

Study Review Date: 11/1/2011

r

The project referenced above has been declared exempt from the requirements of the human subject protections
regulations as described in 45 CFR 46.101(b) because it meets the following federal requirements for exemption:

* (2) Research involving the use of educational tests (cognitive, diagnostic, aptitude, achievement), survey or
interview procedures with adults or observation of public behavior where
> Information obtained is recorded in such a manner that human subjects cannot be identified directly
or through identifiers linked to the subjects; or
= Any disclosure of the human subjects' responses outside the research could not reasonably place
the subject at risk of criminal or civil liability or be damaging to their financial standing, employability,
or reputation.

The determination of exemption means that:
* You do not need to submit an application for annual continuing review.

* You must carry out the research as described in the IRB application. Review by IRB staff is required
prior to implementing modifications that may change the exempt status of the research. In general, review
is required for any modifications to the research procedures (e.g., method of data collection, nature or
scope of information to be collected, changes in confidentiality measures, etc.), modifications that result in
the inclusion of participants from vulnerable populations, and/or any change that may increase the risk or
discomfort to participants. Changes to key personnel must also be approved. The purpose of review is to
determine if the project still meets the federal criteria for exemption.

Non-exempt research is subject to many regulatory requirements that must be addressed prior to
implementation of the study. Conducting non-exempt research without IRB review and approval may
constitute non-compliance with federal regulations and/or academic misconduct according to ISU policy.

Detailed information about requirements for submission of modifications can be found on the
Exempt Study Modification Form. A Personnel Change Form may be submitted when the only
modification involves changes in study staff. If it is determined that exemption is no longer warranted, then
an Application for Approval of Research Involving Humans Form will need to be submitted and approved
before proceeding with data collection.

Please note that you must submit all research involving human participants for review. Only the IRB or designees
may make the determination of exemption, even if you conduct a study in the future that is exactly like this
study.
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APPENDIX D. DEFINITIONS

1:1: A school that provides a take-home laptop computer for every student within some
grade span of the school system (e.g., every middle school student or all 11th- and 12th-
graders).

Educational TechnologyEducational technology is the study and ethical practice of
facilitating learning and improving performance by creating, using, amagizy
appropriate processes and resources.” (Januszewski and Molenda, 2008 p.1)
Generalized Boosted ModelintA general, automated, data-adaptive algorithm that fits
sever models by way of regression tree, and then merges the predictions produced by
each model” (Guo & Frasier, 2010, p. 143).

Hierarchical Linear ModelingA statistical technique that allows the research to take
into account the unique nature of data collected at multiple levels.

Online learning Learning that takes place partially or entirely over the Int€khés.
Department of Education, 2009).

Propensity Score MatchingThe conditional probability of assignment to a particular
treatment given a vector of observed covariates” (Rosenbaum & Rubin, 1983, p. 41).

Technology IntegrationThe extent of use of various technologies in the classroom.
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APPENDIX E. TEACHER SURVEY

The survey below includes question numbers that are used only for reference
purposes, and they were not viewable by participants. Because of how the survey
was created, the question numbers are not in sequential order.

Teacher Technology Survey

Q37 Thanks for taking the time to take this survey. Your responses will be
confidential, and you may refuse to answer any question and/or stop participating
in the survey at any time. If you have any questions about the rights of research
subjects or research-related injury, please contact the IRB Administrator, (515) 294-
4566, IRB@iastate.edu, or Director, (515) 294-3115, Office for Responsible
Research, 1138 Pearson Hall, [owa State University, Ames, lowa 50011.

Q38 What level do you teach at for most of your day?
QO High School

O Middle School

O Elementary School
Q Other

If High School was Selected, participants skipped to question Q1.

Q49 Do you teach high school at all?
O Yes

O No

Q1 During the previous year, about how often did you use technology as part of
instruction? (e.g. the Internet, creating multimedia presentations, sending email,
etc.)

O Notatall

O A few times during the year
QO About once a month
Q 2-3 Times a Month
Q Once a Week

QO A few times each week

O Daily

www.manaraa.com



129

Q2 During the previous year, about how often did your STUDENTS use technology
as part of instruction? (e.g. the Internet, creating multimedia presentations, sending
email, etc.)

Not at all

A few times during the year
About once a month

2-3 Times a Month

Once a Week

A few times each week
Daily

000000

Q5 To what extent are you skilled at using digital technology for instruction?
QO Notatall

O Small extent
O Moderate extent
O Large extent

Q8 To what extent are you skilled at using digital technology in general (computers,
cell phones, iPods, etc.)?
O Notatall

O Small extent
O Moderate extent
O Large extent

Q9 To what extent would you like to increase your integration of technology into
your instruction?
O Notatall

O Small extent
O Moderate extent
O Large extent
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Q3 To what extent do you present students in your typical class with work that

involves using computers or the Internet in the following ways?
\ Not at all \ Small extent Moderate extent ‘ Large extent

Sending email
Playing
educational
games
Playing
educational
games online

Gathering
pictures online

Reading
information
online

Creating a
multimedia
presentation (Ex.
PowerPoint)

Using reference
sites online (ex.
dictionary.com)

Publishing
information on a
wiki or blog

Publishing
information on a
website

Communicating
using instant
messenger (IM)
or other chat
tools

Creating videos

Using social
media (i.e.
facebook)

Collaborating
online with
others from
outside the

school

Using

)

o

)

o

O

0

)

o
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collaboration
tools to work
with other
students in the
school
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Q11 Please indicate the extent to which you believe the following are OBSTACLES to

integrating technology into your instruction:
Not at all Small extent Moderate extent Large extent

[ don't think
technology is
reliable

I don't know how
to incorporate
technology and
still teach
content
standards

I don’t know how
to use
technology

[ don't think
technology fits
my beliefs about
student learning

[ don't think I
have enough
time to prepare
for using
technology

[ don't think I
have time to
integrate
technology
because of the
amount of time
required to
prepare students
for high stakes
testing

[ don't believe
technology
integration is
useful
I think Internet
textis too
difficult for
students to read

Idon't
understand
copyright issues

o)

)

)

)
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[ have difficulty
controlling what
information
students access
online

I don’t know how
to evaluate or
assess students
when they work
online

I don't have time
to teach students
the basic
computer skills
needed for more
complex tasks

[ have difficulty
managing the
classroom when
students are
working on
computers

I don’t know how
skilled my
students are at
using technology

Lack of access to
technology

Lack of
incentives to use
technology

Lack of time
during a class
period
Lack of
professional
development on
how to integrate
technology

Lack of technical
support

Lack of funding

Lack of support
from
administrators
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Q16 Choose the statement below that best describes how you view technology as it
relates to instruction.
O Technology should not be used in instruction.

O Technology is not important to instruction
O Technology is supplemental to instruction
O Technology is central to instruction

QO Idon’t know.

Q17 To what extent do you feel that students benefit when they use digital
technologies such as the Internet to learn in your classroom?
O Notatall

O Small extent
O Moderate extent
O Large extent

Q27 Do you feel that you have received adequate professional development on how

to use technology?
O Yes

O No

Q28 Do you feel that you have received adequate professional development on the
integration of digital technology into your curriculum area?
O Yes

O No

Q30 In the last academic year, have you had any professional development related
to technology use?
O Yes

O No
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Q31 Think about the professional development you have received to answer the

following questions:
‘ Yes \[4] ‘ Not sure

The professional
development focused
on how to use
technology

o O o)

The professional
development focused
on how to integrate @) o Q
technology into

instruction

Q29 To what extent do you feel prepared to teach skills for your curriculum area in
online environments?
O Notatall

O Small extent
O Moderate extent
QO Large extent

Q21 What content area do you teach in for the majority of your day?
Fine Arts

Foreign Languages
Language Arts

Math

Physical Education/Health
Science

Social Studies

Special Education
Vocational Education
Other

COC0000000O0

Answer Q47 if other was selected:

Q47 Please enter the content area that you teach:
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Q34 To what extent did you use technology while you were in college?
O Notatall

O Small extent
O Moderate extent

O Large extent
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More than 30 years
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9 How many years have you been a teacher?
1
2
2
2
2
2
2
2
2
2
2
3
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L=

20 What grade do you teach for the majority of your day?
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22 What is your age?
20-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60

61-65

66-70

older than 70

COC0000000O0O0

Q45 Are you of Hispanic, Latino, or Spanish origin?
O No, not of Hispanic, Latino, or Spanish origin

Q Yes, Mexican, Mexican Am., Chicano

O Yes, Puerto Rican

O Yes, another Hispanic, Latino, or Spanish origin
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Q46 What is your race? (one or more boxes)

(I Ny N NIy Iy Iy Ny oy oy Iy Iy

White

Black, African Am., or Negro
American Indian or Alaska Native
Asian Indian

Chinese

Filipino

Other Asian

Japanese

Korean

Vietnamese

Native Hawaiian
Guamanian or Chamorro
Samoan

Other Pacific Islander

139

www.manharaa.com



)

COC00OO0O0OO0OOCLOLOOOLOLLOLOOLOLOOOOLOOOOLOLOLOOLOOLOOLOLOLOOOLOOLOLOLOOLOOVOVOO

36 Where do you teach?

Abraham Lincoln High School
Adair-Casey Jr-Sr High School

ADM Senior High School

AGWSR High School

A-H-S-T High School

Akron Westfield Senior High School

Albia High School

Alburnett Junior-Senior High School
Algona High School

Alta Senior High School

Ames High School

Anamosa High School

Ankeny High School

Aplington Parkersburg High School
Armstrong-Ringsted High School

Atlantic High School

Audubon Middle-High School

Ballard Community Senior High School
Battle Creek-Ida Grove Senior High School
Baxter High School

BCLUW High School

Bedford High School

Belle Plaine Jr/Sr High School

Bellevue High School

Belmond-Klemme Community Jr-Sr High School
Benton Community Senior High School
Bettendorf High School

Bondurant-Farrar High School

Boone High School

Boyden-Hull High School

Boyer Valley Middle/High School
Brooklyn-Guernsey-Malcom Jr-Sr High School
Burlington Community High School

CAL Community High School
Calamus-Wheatland Sec Attendance Center
CAM High School

Camanche High School

Cardinal Middle-Senior High School
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Carlisle High School

Carroll High School

Cascade Junior-Senior High School
Cedar Falls High School

Center Point-Urbana High School
Centerville High School

Central City High School

Central Community Jr-Sr High School
Central Decatur MS/Sr High School
Central High School

Central High School

Central Lee High School

Central Lyon Senior High School
Central Springs High School
Chariton High School

Charles City High School

Charter Oak-Ute High School
Clarinda High School
Clarion-Goldfield HS

Clarke Community High School
Clarksville High School

Clay Central-Everly JR. SR. High School
Clayton Ridge High School

Clear Creek Amana High School
Clear Lake High School

Clinton High School

Colfax-Mingo High School
Collins-Maxwell Middle /High School
Colo-NESCO Jr./Sr. High Learning Center
Columbus Community High School
Corning High School
Corwith-Wesley High School

Creston High School

Crestwood High School

Dallas Center-Grimes High School
Danville Junior-Senior High School
Davis County Community High School
Decorah High School

Denison High School
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Denver Senior High School

Des Moines Central Campus High School
Diagonal Junior-Senior High School
Dike-New Hartford High School
Dubuque Senior High School
Dunkerton High School

Durant High School

Eagle Grove High School

Earlham Senior High School

East Buchanan High School

East Central Community High School
East High School

East High School

East High School

East Marshall Senior High School

East Mills High School

East Sac County High School

East Union Middle-High School
Eddyville-Blakesburg Junior - Senior High
Edgewood-Colesburg High School
Eldora-New Providence High School
Elk Horn-Kimballton High School
Emmetsburg High School

English Valleys Jr-Sr High School

Essex Junior-Senior High School
Estherville Lincoln Central High School
Fairfield High School

Forest City High School

Fort Dodge High School

Fort Madison High School
Fremont-Mills Middle And Senior High School
Galva-Holstein High School
Garner-Hayfield High School

George Washington High School
George-Little Rock Senior High School
Gilbert High School
Gladbrook-Reinbeck High School
Glenwood Senior High School
Glidden-Ralston Jr-Sr High School
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GMG Secondary School
Graettinger-Terril High School
Grand Junction High School
Grinnell Community Senior High School
Griswold Middle/High School
Grundy Center High School

Guthrie Center High School
Hampton-Dumont High School
Harlan Community High School
Harmony Jr. Sr. High

Harris-Lake Park High School
Hartley-Melvin-Sanborn High School
Hempstead High School

Highland High School

Hinton High School

H-L-V Junior-Senior High School
Hoover High School

Hudson High School

Humboldt High School
IKM-Manning High School
Independence Junior Senior High School
Indianola High School

Interstate 35 High School

Iowa City High School

Iowa Falls - Alden High School

Iowa Valley Jr-Sr High School
Janesville Junior-Senior High School
Jefferson-Scranton High School
Jesup High School

John F Kennedy High School

John R Mott High School

Johnston Senior High School

Kee High School

Keokuk High School

Keota High School

Kingsley-Pierson High School
Knoxville High School

Lake Mills Senior High School
Lamoni High School
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Laurens-Marathon High School
Lawton Junior-Senior High School

Le Mars High School

Lenox High School

Lewis Central Senior High School
Lincoln High School

Linn-Mar High School

Lisbon High School

Logan-Magnolia Jr-Sr High School
Lone Tree Junior-Senior High School
Louisa-Muscatine High School
Lynnville-Sully High School

Madrid High School

Manson Northwest Webster Junior High/High School
Maple Valley-Anthon Oto High School
Maquoketa Community High School
Maquoketa Valley Senior High School
Marcus-Meriden-Cleghorn Jr/Sr High School
Marion High School

Marshalltown High School
Martensdale-St Marys Jr-Sr High School
Mason City High School

Mediapolis High School
Melcher-Dallas High School

MFL Marmac HS

Midland Middle/High School
Mid-Prairie High School

Missouri Valley High School
MOC-Floyd Valley High School
Montezuma High School

Monticello High School

Moravia High School

Mormon Trail Jr-Sr High School
Moulton-Udell High School

Mount Ayr High School

Mount Pleasant High School

Mount Vernon High School

Murray School Murray Jr/Sr High
Muscatine High School
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Nashua-Plainfield High School
Nevada High School

New Hampton High School

New London Jr-Sr High School
Newell-Fonda High School
Newton Senior High School
Nishnabotna High School
Nodaway Valley High School
North Butler High School

North Cedar High School

North Fayette High School
North High School

North High School

North High School

North Iowa High School

North Mahaska Jr-Sr High School
North Polk High School

North Scott Senior High School
North Tama High School
Northeast Hamilton High School
Northeast Middle-High School
North-Linn Senior High School
Northwood-Kensett Jr-Sr High School
Norwalk Senior High School
NSK High School High School
Oelwein High School

Ogden High School

Okoboji High School

Olin Junior-Senior High School
Orient-Macksburg Senior High School
Osage High School

Oskaloosa High School

Ottumwa High School

Panorama High School
Paton-Churdan Jr-Sr High School
PCM High School

Pekin Community High School
Pella High School

Perry High School
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Pleasant Valley High School
Pleasantville High School

Pocahontas Area High School

Prairie High School

Prairie Valley High School

Preston High School

Red Oak High School

Remsen-Union High School

Riceville High School

River Valley Junior- Senior High School
Riverside Community High School
Rock Valley Jr-Sr High School

Rockford Junior-Senior Rockford Senior High
Roland-Story High School

Roosevelt High School
Ruthven-Ayrshire High School

Saydel High School

SCC High School

Sergeant Bluff-Luton Senior High School
Seymour High School

Sheldon High School

Shenandoah High School
Sibley-Ocheyedan High School

Sidney High School

Sigourney Jr-Sr High Sch

Sioux Center High School

Sioux Central High

Solon High School

South Hamilton Middle And High School
South O'Brien Secondary School

South Page Senior High School

South Tama County High School

South Winneshiek High School
Southeast Polk High School

Southeast Warren Jr-Sr High School
Southeast Webster-Grand High School
Spencer High School

Spirit Lake High School

Springville Secondary School
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St Ansgar High School

Stanton High School

Starmont High School

Storm Lake High School
Sumner-Fredericksburg HS
Thomas Jefferson High School
Thomas Jefferson High School
Tipton High School

Treynor Middle School / High School
Tri-Center High School

Tri-County High School

Tripoli Middle/Sr High School
Turkey Valley Jr-Sr High School
Twin Cedars Jr-Sr High School
Underwood High School

Union High School

Urbandale High School

Valley High School

Valley High School

Valley Southwoods

Van Buren Community High School
Van Meter Jr-Sr High School
Ventura Jr-Sr High School

Villisca Community High School
Vinton-Shellsburg High School
WACO High School

Walnut High School

Wapello Senior High School
Wapsie Valley High School
Washington High School
Washington High School

Waukee Senior High School
Waukon High School
Waverly-Shell Rock Senior High School
Wayne Community Jr-Sr High School
Webster City High School

West Bend-Mallard High School
West Branch High School

West Burlington High School
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Individuals only answered the next question, if they selected “Other”.

West Central Jr-Sr High School
West Central Valley High School
West Delaware High School
West Fork High School

West Hancock High School

West Harrison High School
West High School

West High School

West High School

West Liberty High School

West Lyon High School

West Marshall High School
West Monona High School

West Senior High School

West Sioux High School
Western Dubuque High School
Westside Junior-Senior High School
Westwood High School

Whiting Senior High School
Williamsburg Jr-Sr High School
Wilton Jr-Sr High School
Winfield-Mt Union Jr-Sr High School
Winterset Senior High School
Woodbine High School
Woodbury Central High School
Woodward-Granger High School
Other

Q48 Please enter the name of the school where you teach:
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