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The purpose of this dissertation is to describe and understand how teachers
describe the changes in their practices as a result of ten years participation in a one-to-one
environment. This research study focuses on one successful middle school’s adoption of
laptops to support teaching and learning. A qualitative study using interviews of key
participants was undertaken with teachers and administrators. The Technological,
Pedagogical and Content Knowledge (TPACK) framework was used in conjunction with
Rogers’ Diffusion of Innovation framework to understand from the participants’
perspective changes to their practice. The results indicate teachers underwent changes in
their use of technology to support teaching and learning, showing increasing overlap
between the domains of technological and pedagogical knowledge. The changes resulted

in an increase in the transparency of the teaching and learning process for other teachers,



students, administrators, and parent. These changes were supported by four school-wide
factors; the adoption of a common software suite, robust social networks, modeling by
leadership and the professional development model used. The findings were discussed in
relation to participants’ position on the adoption spectrum of Rogers’ Diffusion of

Innovation theory.
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Chapter 1: Introduction

The Maine Learning Technology Initiative (MLTI) was the first statewide one-to-
one technology initiative in the United States (McCarthy and Breen, 2001). As such the
MLTI program and its deployment have shaped other initiatives, as well as the debate
about the relative merits of large-scale technology initiatives. After almost a dozen years,
policymakers and educators need to be able to answer the question: does the investment
of time, money, and human capital in large-scale deployments of computers or tablets
improve teaching and learning to an extent that schools should adopt one-to-one
computing? This study proposes to describe the reflection of teachers on MLTI’s impact
on their teaching and student learning.

The impacts of one-to-one technology initiatives have been investigated on a
number of fronts: the impacts on student achievement (Silvernail and Buffington, 2009;
Suhr, et al. 2010; Bebell & Kay, 2010; Li & Ma, 2010); , impacts on instructional
approaches and pedagogy used by teachers (de Koster et al. (2011); Wong, et al (2008);
Ertmer, et al. (2001); on professional development (Martin, et al, 2010); Mouza, 2011);
and on economic development (Warschauer & Matuchniak, 2010; Kotteman & Boyer-
Wright, 2009). Each of those areas has been the focus of several studies. That interest can
be attributed to what Seymour Papert identified as the protean nature of digital
technologies (Papert, 1980). As such, technology is used for so many different reasons to
achieve so many different ends that no single study or set of research questions can
illuminate the complete impact of one-to-one technology on teaching and learning in

schools today.



Digital technologies can be used for many different purposes and in many
different ways in educational settings. Further, the evolution of digital technologies
creates an ongoing and challenging problem for educators immersed in a one-to-one
environment (Hall, 2010). Straub (2009) has called the integration of technology in
educational environments a Sisyphean task, never finished or achieved. Others have
noted that technology use in school settings is an example of what Rittel and Webber
(1973) called a wicked problem (Koehler & Mishra, 2008; Neiss, 2008). Viewed as a
wicked problem, evaluating one-to-one technology outcomes is likely to be incomplete,
contradictory, and unique to a given context (Rittel & Webber, 1973). Simon (1956)
termed decision making in this type of environment as “satisficing,” accepting an
outcome that is satisfactory but perhaps not optimal.

The evaluation of any one-to-one technology initiative against any set of
outcomes will inevitably come down to the solutions employed by individual teachers in
solving the wicked problem of technology use and integration. Understanding why
teachers have adopted, used, and embedded technology into their practice is necessary to
interpreting all evaluations of technology in an educational setting. Koehler and Mishra
(2008) describe the process as “bricolage”; the art of doing the best possible with what is
at hand. Here, Connelly and Clandinin’s (1988) view of the teacher as curriculum maker
is central to understanding the experiences of teachers in one-to-one technology
environments. Despite the best-laid plans of policymakers, technology enthusiasts, and
administrators, technology adoption, integration, and implementation will be unique,
contextualized and teacher dependent. Their voices and experiences must be included to

fully understand the impacts of large-scale one-to-one technology adoptions. Importantly,



the voices and experiences of teachers in schools that have successfully implemented a
one-to-one model may shape and inform the work of schools still struggling to embed
technology in their classrooms and the implementation strategies employed for other
large-scale ubiquitous computing programs.
Background

Within Maine, and across the country, researchers have used a number of methods
to evaluate the effectiveness of large-scale technology initiatives. Maine’s MLTI
initiative has been documented by the Maine Policy Research Institute (MEPRI) and the
Center for Education Policy, Applied Research, and Evaluation (CEPARE). Over the past
eight years the adoption and use of laptops for instruction has been reported by 75
percent of teachers participating in the Maine Learning Technology Initiative. Silvernail
(2011) found that the use of laptops for assessment was three times more likely by
teachers identifying as constructivists as opposed to traditionalist in the Maine Laptop
Learning Initiative. Other results from the ongoing studies have found that how students
use their laptops in the writing process influenced the scaled scores obtained on the
Maine Educational Assessment in writing (Silvernail and Gritter, 2005). While in
mathematics, Silvernail and Buffington (2009) found that measurable changes in student
outcomes from using technology-based instruction require both pedagogically sound
practices and adherence to the practice over sustained periods.

Studies outside of Maine have measured implementation features (Drayton, Falk,
Stroud, Hobbs, and Hammerman, 2010); student performance data in one-to-one
implementations (Suhr, Hernandez, Grimes, and Warschauer, 2010); or both student

performance and implementation strategies (Bebell and Kay, 2010). Although small



improvements in student outcomes have been correlated with technology deployments
(Bebell and Kay, 2010, Suhr et. al., 2010), clear gains in student performance have been
harder to document.

While the studies above have found some evidence that one-to-one technology
initiatives can have positive impacts on student achievement, other commentators and
policy evaluators have expressed concerns about the value of these initiatives to improve
teaching and learning. Lei and Zhao (2008) noted that 39 percent of parents surveyed
were concerned with the amount of time their students spent on laptops, and 40 percent of
teachers believed that they were a distraction for their students. In a series of articles and
commentaries, Cuban (2001) has argued that the results of large-scale implementations
have not justified the costs to teacher time and school finances. The difficulty in
mastering new technologies, and changing pedagogy to effectively integrate computers
into classroom instruction and practice, are given as reasons not to invest widely in
computers (Cuban, 2001). Cuban also maintains that the results of large-scale studies
such as those described above are largely inconclusive in improving student achievement
or changing teaching and learning (Cuban 2006).

Weston and Bain (2010) argue that “few large scale reform initiatives can
demonstrate large scale effects on teaching, learning, and achievement” (p.8). The results
for one-to-one initiatives are no surprise when compared with other significant reform
efforts. Noting the contributions of others, Weston and Bain (2010) suggest that several
factors may contribute to that outcome: poor implementation, the idiosyncratic nature of
teaching, and the significant amount of teaching practice that is uninformed by research.

Weston and Bain (2010) then go on to argue that for the promise of one-to-one initiatives



to be achieved, technological tools in schools must begin to be viewed as “cognitive
tools” (p.10). In their view a cognitive tool extends the abilities of a user to achieve
outcomes that are not possible without them.

Critics and advocates alike have been underwhelmed by the relatively modest
improvements seen with large-scale one-to-one computer deployments as measured by
student achievement in statewide accountability systems (Cuban, 2006; Silvernail, 2011).
These outcomes may be a result of poor implementation (Shapley et al., 2010),
confounding adverse effects such as distractions created by the device (Lei & Zhao,
2008), or the difficulties in changing school cultures as it pertains to instruction and
assessment (Weston & Bain, 2010). Several researchers comment on the relationship
between technology use and pedagogical stance (Silvernail, 2011; Beaudry, 2004;
Drayton et al. 2010; Gauci, 2009). Implementation may be strongly affected by the stance
of both the teacher, i.e. student-centered or teacher-centered and/or the use of technology
as either a simple substitution for non-digital tools and techniques, or the adoption of
technologies that provide redefinition and augmentation of current instructional practices.

Other factors may influence the success of large-scale computer deployments.
Rogers (2003) describes the process that innovations undergo as they diffuse through
cultures and social systems. Rogers (2003) describes the diffusion of innovation as a
“special type of communication in which the messages are about a new idea” (p.75).
More importantly he highlights the dependence of such communication on the channels
present among members of a social system. In his model, the diffusion of innovation is
“essentially an information seeking and processing activity” (p.100) to reduce

uncertainty. The rate of adoption depends upon the relative advantage of the innovation,



compatibility with existing values, complexity of the innovation, observability and trial-
ability of the innovation (p.105). Rogers (2003) further notes that the transfer of ideas
“occurs most frequently between two individuals who are similar in.... beliefs, education,
socioeconomic status, and the like” (p.117). What do those social networks look like in
successful schools implementing one-to-one networks? In this model, the largest

implementation gap is between Early Adopters and the Early Majority (Figure 1.1)

CHASM

Early Early Late
Adopters Majority  Majority

]

Innovators

Laggards

Figure 1.1 Rogers’ Adoption Spectrum for Innovations

There is no standard definition of technology integration (Bebell, Russell &
O’Dwyer, 2004). It has been described as how teachers use technology to carry out
instruction (Bebell, et. al, 2004; Hennessy, Ruthven & Brindley, 2005). Others have
defined technology integration in terms of how it supports thinking skills (Lim, Wong,
Khine, Chai & Divaharan, (2003), as its use as a cognitive tool (Weston & Bain, 2010) or

to support specific aspects of teaching and learning such as assessment (Gauci, Dantas,



Williams & Kemm, 2009). As such, to understand technology integration a framework
can be used to view the many possible solutions to the wicked problem of technology
integration.

One approach to understanding technology integration is to identify the domains
of knowledge required to use technology effectively. Mishra and Koehler (2006) created
the Technological Pedagogical Content Knowledge (TPCK) framework. Within that
framework a teacher’s content knowledge, pedagogical knowledge and technology
knowledge all contribute to the effective integration of technology (Mishra & Koehler,
2006). Specifically, those domains include knowledge of the existence, components, and
capabilities of various technologies, an understanding of how to use those technologies,
and how those technologies can change pedagogy (Mishra & Koehler, 2006).
Conceptual Framework and Propositions

The development of the TPACK framework extended the initial work of Shulman
(1987, 1986) to include the knowledge domain of technology. In Shulman’s original
conceptualization, content knowledge, including the knowledge of concepts, theories,
ideas, frameworks, and practices in a discipline, was integrated with a teacher’s
pedagogical knowledge, knowledge about the practices, processes, and methods of
teaching during the act of instruction. Shulman described that interaction as pedagogical-
content knowledge: the knowledge of teaching that is specific to the content of a lesson.
Mishra and Koehler (2006) added the domain of technological knowledge to describe
how the three knowledge domains of content, pedagogy, and technology interact to
produce effective teaching with technology. (See Figure 1.2 for Mishra and Koehler’s

(2006) conceptualization of this framework.)
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Figure 1.2 Technological Pedagogical and Content Knowledge Framework

TPACK was used to understand the implementation of technology in the
classroom by teachers in a school which has participated in the MLTI deployment.
Specifically, it was used to understand how effectively teachers integrated technology.
The framework was chosen to untangle the myriad different uses of technology in the
classroom settings of teachers throughout a school. Those three domains, and the possible
interactions between and among them, allow the researcher to characterize and
understand the protean, unique, and contextualized nature of technology integration. This
study, then, focused on the interplay of pedagogy, content, and technology in teachers’
practice as illustrated in their words, instructional materials, and enacted curriculum as

described in their classrooms.



That interaction was expected to be mediated by the willingness and comfort of
teachers to integrate technology. Rogers’ Diffusion of Innovation (Rogers, 2003)
describes the factors involved in adopting an innovation such as technology into the
classroom. That adoption decision is made at different rates by individuals creating an
adoption spectrum that categorizes adopters from innovators to laggards. This study
describes the differences in technology integration from the perspectives of teachers at
both ends of Rogers’ adoption spectrum.

Statement of the Problem

Does the investment of time, money, and human capital in large-scale
deployments of computers or tablets change teaching and learning to an extent that policy
should encourage the adoption of ubiquitous computing? The current answer may be no.
However, the questions asked and the answers obtained may not yet be sufficient.

Maine’s Learning Technology Initiative is more than ten years old. As of January
2010, all of Maine’s 226 middle schools, and 55 percent (66 schools) of its high schools
were participating in (MLTI, 2013). That comprises 29,570 students in grades 7 and 8,
23,717 students in grades 9-12, 4468 teachers at grades 7 and 8, and 7401 teachers in
grades 9-12 (MLTI, 2013). Using costs for the 2013 deployment, the state of Maine
invested more than nine million dollars in fiscal year 2013-14 while local schools
invested another six million dollars in technology deployments. That may be the largest
discretionary spending done by schools participating in the MLTI. It is critical that the
investment is maximized to influence teaching and learning. The work of Chen and Lui
(2011) suggests that professional development and the development of large-scale

networks of collaborating educators (something that enhances diffusion and is also more
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likely with MLTT) is essential for maximizing returns on the investment in the MLTI
program.

Maximizing that investment requires understanding how teachers in one-to-one
schools have integrated technology into their classrooms and practice over the past ten
years. Some schools and teachers have been more successful in achieving integration
than others. The experiences of teachers successfully integrating technology into their
practices can serve as models for those teachers struggling with the adoption of
technology. Asking teachers to describe and interpret the evolution of their practices,
over their participation in a one-to-one technology environment, provides context for
understanding the influences of ubiquitous computing on teacher practice.

Most evaluations of the Maine Learning Technology Initiative have focused on
describing student outcomes from technology use (Silvernail, 2011; Silvernail & Gritter,
2005; Silvernail & Buffington,2009) or identifying the tools, software, or types of
activities used by teachers and students during the initiative (Silvernail, 2011). Those
quantitative studies have given Maine policymakers a big-picture view of the
implementation of a one-to-one model of technology deployment. School-level or
classroom-level studies have been fewer. Beaudry (2004) undertook a qualitative case
study of assessment practices using laptops in a Maine middle school. Earlier in the
deployment of the MLTI, Garthwait and Weller (2005) undertook a qualitative
investigation of two middle school teachers in the first year of the project. Fairman
(2004) undertook an early qualitative evaluation of MLTT in its second year of existence.

Using interview, survey and observational data, Fairman (2004) noted that teachers
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reported a shift towards more student-centered and inquiry-based approaches in their
practices.

Maine’s Learning Technology Initiative is moving into its second decade. As the
first statewide one-to-one technology deployment, it has served as a model for other
states, districts, and policymakers. Some teachers have developed deep understandings of
the integration of technology into their practices. Some schools have seen those
understandings and practices diffuse widely throughout their staffs. However, current
research is silent on how successful teachers describe and understand the practices and
how they have acquired these understandings.

Purpose of the Study

The purpose of this qualitative study was to describe and understand how teachers
describe the changes in their practices as a result of ten years participation in a one-to-one
environment. To that end, the following research questions were examined.

1. How do teachers in a school participating successfully in the Maine Learning
Technology Initiative describe the impact on their practices?

2. In what ways, and how do, teachers describe their evolving understandings of
technological pedagogical content knowledge in a successful school’s
participation in a one-to-one technology environment?

3. What factors influence teachers’ decisions to change and adapt their practices as a
result of their school’s participation in a one-to-one technology environment?

Significance of the Study
No evaluations of Maine’s Learning Technology initiative have sought to

understand teachers’ use of technology as described by Koehler and Mishra’s TPCK
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framework. The literature is also silent on how teachers describe the evolution and
acquisition of their TPCK understandings. Koehler and Mishra (2006) describe three
domains of knowledge --content, pedagogical, and technological-- required for the
effective integration of technology into teacher’s practice. The intersection of those
domains has been described in other research outside of Maine (Manfra & Hammond,
2006; Polly, 2011; Harris & Hofer, 2011). Those qualitative studies have provided
context specific examples of technology embedded in teacher practice. Early reports in
the deployment of MLTI, from researchers such as Fairman (2004) and Garthwait and
Weller (2005), identified some aspects of changes in teacher practice but were not coded
using the TPCK framework. The framework can be used to analyze and understand both
teacher descriptions of technology integration, as well as observations and analysis of
teacher practice and artifacts.

Hall (2010) notes that “teachers and schools becoming high-quality users of
technology is a process, not an event” (p.233). The process can be described as the
diffusion of technology throughout an organization. Rogers (2003) describes the
diffusion of innovations as a social process involving communication. Teachers
considering the adoption of technology in their practices may use a host of possible
channels for communication. Importantly, the adoption choices also depend upon the
relative advantage of an innovation, compatibility with existing values, complexity of the
innovation, observability and trial-ability of the innovation (Rogers, 2003). Maine
middle school teachers have been using laptops for almost twelve years. Which of
Rogers’ factors have supported or inhibited the adoption of laptops in their classrooms?

Which of those factors are more important for early adopters versus late adopters?
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Understanding the adoption and diffusion of effective technology integration practices by
teachers requires utilizing a framework to analyze teacher descriptions of their
experiences. Rogers’ Diffusion of Innovation is such a framework.

The process, as noted by Hall (2010), can also be viewed from the standpoint of
implementation choices made by individual teachers over time. As teachers implement
one-to-one computing in their classrooms, how do they adapt and change their practices
to accommodate the innovation? Do teachers demonstrate increasing understandings of
technological, pedagogical content knowledge? How do they move from task-related
issues of technology use and deployment to substantive changes in pedagogy? Are
teachers integrating the three domains of knowledge in the TPACK model to leverage
technology in their classrooms?

Finally, no study of Maine’s unique, long-standing MLTI deployment has focused
on a successful school or schools. Quantitative studies have surveyed schools across the
state for large-scale outcomes, or focused upon the application of technology to specific
tools and programs. Qualitative studies have looked at schools very early in the
deployment of the Maine Learning Technology Initiative. Furthermore, no attempt was

made to study specifically successful teachers or schools.
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Chapter 2: Literature Review

This chapter is organized into several sections. An initial overview of the Maine
Learning Technology Initiative begins the chapter. The results obtained in evaluating
one-to-one deployments in other states are reviewed next. In the third section, the
critiques of large-scale one-to-one technology initiatives and the challenges identified by
supporters are reviewed. In the next section, the review focuses on the research results
obtained in studies of the Maine Learning Technology Initiative (MLTI), followed by a
discussion of the limitations of those studies. In the final section, a review of the various
frameworks to describe the adoption of innovations that integrate technology into
teaching practice.

Introduction

Maine has taken the lead in deploying and implementing ubiquitous computing in
schools since 1999. The Maine Learning Technology Initiative has made Maine the first
state in the nation on several fronts: first to develop a plan to provide all teachers and
students in grades 7-12 with a digital device: first to actually equip all of Maine’s
seventh- and eighth-graders and teachers with personal learning devices; and the first to
provide a mechanism for every home of a seventh- and eighth-grader to obtain Internet
access (Maine Department of Education, 2014). MLTI is the first statewide one-to-one
technology initiative in the United States (McCarthy & Breen, 2001).

In 1999, the Task Force on the Maine Learning Technology Endowment was

established by the legislature with Public Law 1999, Chapter 731, Part FFF, Sec. FFF-2.
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The task force recommended five guiding principles: equity, integration with Maine’s
Learning Results, sustainability and avoiding obsolescence, teacher preparation and
professional development, and economic development (Maine Department of Education,
2001). After the issuance of the task force’s report in 2002, the Maine Learning
Technology Initiative (MLTI) was established in Title 20-A, Chapter 801: Maine
Learning Technology Fund §19101-§19110.

Although begun with a one-time state budgetary surplus (Maine Department of
Education, 2001), the MLTTI has been supported (re-authorized) by the Maine State
legislature on three additional occasions over the past 15 years. In that time the program
has supported the deployment of digital learning devices to all seventh- and eighth-grade
students, teachers, and administrators, and has added the ability for school systems to
purchase participation for high-school teachers and students. The State of Maine reports
the following levels of one-to-one participation as of 2010 (Maine Department of

Education, 2014):

« Middle Schools: 226 (100%)
« High Schools: 67 (55%)
« Students 7-8: 29,570

« Students 9-12: 23,717

« Teachers 7-8: 4,468

« Teachers 9-12: 7,401

Former Governor Angus King’s vision of providing Maine students and schools with an
advantage relative to other states has been achieved in terms of providing access to
personal learning devices. The impact of the MLTI on providing an educational

advantage is described below.
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Evaluating Large-Scale, One-to-One Technology Initiatives

Drayton, Falk, Stroud, Hobbs, and Hammerman (2010) undertook a three-year
study of three schools that had been implementing a one-to-one computing environment
for at least five years. Their mixed-methods study reports on both qualitative and
quantitative data from the third year of the study. They collected teacher reports, student
questionnaires, school and district documents, and observations and interviews from
science teachers who selected one course for the study. Quantitative data was limited to
summary statistics, while qualitative data was analyzed with a grounded-coding
approach.

Drayton et al. (2010) reported on teacher and student use of various computer
programs, applications, and forms of technology such as interactive whiteboards. Those
summary statistics reported on the tools used instead of the cognitive activities involved
or the integration into teaching and learning. The results also indicate a minimum level of
integration as measured within TPACK. The authors noted that science teachers in the
three systems provided additional content for their instruction from primarily three
sources; the web (33 percent of the classrooms); software (11 percent of classrooms);
and teacher-created websites (11 percent of classrooms). However, they noted that
overwhelmingly the content was mediated by the teachers, through PowerPoints
interactive whiteboards, and rarely was obtained by students directly on their laptops.
More pedagogically sound examples were reported on the use of animations,
visualizations, and virtual labs by teachers, especially by biology and chemistry teachers.
There coding indicated that illustrating molecular processes was reported as important for

qualitative understanding. Although many teachers could describe the benefits of using
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virtualization for laboratories and complex phenomena, only 11 percent reported using
such tools in the third year of the study, suggesting that pedagogical and content
knowledge were not fully integrated. Teachers also reported relatively low uses of
spreadsheet programs or probe-ware for data collection (13 percent and 16 percent
respectively) and data analysis (15 percent and 11 percent). In teacher interviews, the
authors note that most teachers described the benefits of using those tools for “doing”
science but rarely reported the use by students during actual instruction. Rarely did
teachers report the use of online or actual data sources in their instruction, and no
teachers reported the use of technology to connect or collaborate with the wider scientific
community or other students. In all three schools, most technology use by students was
focused upon accessing information or visualizations, and was rarely used in assessment,
either formative or summative (p.46).

A three-year pilot program across western Massachusetts’s middle schools was
reported upon by Bebell and Kay (2010). The Berkshire Wireless Initiative (BWLI)
targeted the following student outcomes: improving student achievement, engagement,
behavior, collaboration, and information literacy (Bebel & Kay, 2010). The project also
targeted teacher outcomes including “fundamental changes in teaching strategies and
curriculum delivery” (p.8). A pre- and post-comparison was made between students’
Massachusetts Comprehensive Assessment System (MCAS) scores at treatment schools
participating in the BWLI program, and two nonparticipating surrounding schools.
Qualitative data from teacher and student surveys, student demographic and school data,
and observations were used to further differentiate the quantitative MCAS scores for

various factor analysis.
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Pilot students in the BWLI study were found to typically use their laptops on a
slightly more than daily basis, with use in mathematics and science classes less frequent
than in ELA and social studies. Over the three years of the study most uses reported by
teachers showed increases, with the use of computers for communication, lesson planning
and making handouts for students most common (120.9 days in the school year, 85.6 and
69.6 days respectively). Of surveyed items, teachers reported the smallest uses, in days
over a school year, for preparing IEPs, Internet based lessons, and using a computer for
modeling relationships or functions (15.8, 19.9, and 20.8 days respectively). Student-
reported uses, in days in the school year, were largest for accessing information on the
internet (85 days), accessing a teacher’s website (53 days) and taking notes in class (36
days). Instructional or learning tasks reported least used were working with spreadsheets
and databases (9 days), analyzing data (14 days), and creating graphs or tables (14 days).

Shapley, Sheehan, Maloney, and Caranikas-Walker (2010) proposed a different
model to evaluate the relationship between technology deployment in a one-to-one
environment and student achievement. They measured implementation fidelity of
technology immersion as a predictor of student achievement in the Technology
Immersion Pilot created by the Texas Legislature in 2003. They investigated the extent to
which 21 treatment schools implemented the Technology Immersion model, and assessed
each school’s implementation strength, a composite variable derived from measurement
of individual components of the technology immersion framework, against the state of
Texas’s criterion referenced assessment, the Texas Assessment of Knowledge and Skills
(TAKS). Twenty-one middle schools were chosen. Seventy five percent of those enrolled

fewer than 600 students. More than 600 teachers were involved in the study.
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Data were collected on three cohorts of students, those participating for three,
two, and one year in the project (Shapley et al., 2010). The data comprised five measures
of support for technology implementation, four classroom or teacher indicators, and three
student-access and use indicators, and were collected using surveys and questionnaires of
teachers, administrators, and students. The indicators were evaluated with a four-point
score and standardized into z-scores for each of the three areas, and for an overall
implementation aggregated score. The scores were used to create linear models to
investigate associations between these implementation measures and student achievement
data on the TAKS.

Mean scores in the fourth year were reported for seven of the indicators. No
schools were ranked as fully implemented for leadership support. Substantial
implementation was measured at 52 percent of the schools for leadership support.
Teacher “buy in” as measured by the scores was highest of all seven values with a mean
value of 3.19 on the four-point scale. Student access and use was ranked lowest with a
mean score of 2.07, or only partially implemented. Classroom immersion, a composite
measure of technology integration into teaching and learning, had the next lowest average
implementation index of 2.67 with 76 percent of schools ranked as having partially
implemented (2.0 on the 4 point scale) technology into classrooms. Professional
development was also ranked low, with 61 percent of schools ranked as minimal to
partial implementation of professional development components.

Shapley et al. (2010) found statistically significant correlations between several of
these components of Technology Immersion. Classroom immersion scores were

correlated with administrative leadership, teachers’ support for technology innovation,
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and quality of professional development. Student access and use, uniformly low across
most schools, was statistically correlated with measures of community support and
technical support for immersion. Several factors were statistically significant predictors
of student scores in reading. Immersion support and classroom immersion were
significant predictors for some cohorts reading scores, while student use of laptops
outside of school was the strongest predictor of student reading scores for all cohorts.
There was no relationship found between student laptop-use measured in days of school
and reading scores. The results were similar for TAKS mathematics scores. Immersion
support was significant for some cohorts, while student access and use at home was a
strong positive predictor of TAKS mathematics scores.

Full implementation of the Technology Immersion model was not achieved, with
only six schools reaching substantial implementation on the composite index. Shapley et
al. (2010) concluded that teachers, “on average used technology increasingly to support
their own teaching but there was little change in the frequency of students’ technology
use in classes” (p.47). School levels of immersion support and teachers’ reported levels
of classroom immersion (integration) were inconsistent predictors of student TAKS
reading and mathematics scores.

As noted above, evaluating technology integration’s impact on student learning
outcomes is difficult. The outcomes vary in their demonstration of significant change in
student outcomes due to technology. The protean and varied nature of technology use to
support teaching and learning makes many measures of wide-scale student learning
difficult to assess or document. That has led to questions about the relative value of large

scale technology initiatives in schools. Assessing the impact of large scale one-to-one
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technology initiatives on teaching and learning requires describing the changes in teacher
practice as a result of the presence of ubiquitous technology in their classrooms.
Critiques of Large-Scale Technology Implementations

While the studies above have found some evidence that one-to-one technology
initiatives can have positive impacts on teacher practice, other commentators and policy
evaluators have expressed concerns about the value of those initiatives to improve
teaching and learning. Lei and Zhao (2008) collected data on the perceptions of parents,
students, and teachers in the first year of a one-to-one implementation in a middle school.
Teachers reported the most satisfaction with the laptops, reporting that laptops had
significantly improved their communication with parents and teachers, while all reported
that the laptops had helped both them and their students. Students reported that laptops
had helped them with homework and computer skills. Parents expressed less comfort
over all, with 39 percent being concerned with the amount of time their children spent on
laptops. Forty percent of teachers believed that it had become harder for their students to
concentrate in class due to distractions available on the laptops (Lei & Zhao, 2008).

Over a series of articles and commentaries, Larry Cuban has argued that the
results of large-scale implementations have not justified the costs to teacher time and
school finances. The difficulty in mastering new technologies and changing pedagogy to
effectively integrate computers into classroom instruction and practice is pointed to as
reasons not to invest widely in computers (Cuban, 2001). Cuban also maintains that the
results of large-scale studies such as those described below are largely inconclusive in

improving student achievement or changing teaching and learning (Cuban 2006).
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Weston and Bain (2010) argue that “few large scale reform initiatives can
demonstrate large scale effects on teaching, learning, and achievement” (p.8). The results
for one-to-one initiatives are no surprise when compared with other significant reform
efforts. Noting the contributions of others, Weston and Bain (2010) suggest that several
factors may contribute to that outcome including poor implementation, the idiosyncratic
nature of teaching, and the significant amount of teaching practice that is uninformed by
research. However, both authors also maintain that technology initiatives may yet hold
the promise to significantly change the paradigms of teaching and learning in many
traditional schools.

Weston and Bain (2010) then go on to argue that for the promise of one-to-one
initiatives to be achieved, technological tools in schools must begin to be viewed as
“cognitive tools” (p.10). In their view a cognitive tool extends the abilities of a user to
achieve outcomes not possible without them. As they note, many technology initiatives
have focused upon replacements of non-digital tools, resources, and methods with a
digital version. Such substitutions do not change the outcome dramatically or
substantively for teachers or learners. They note that type of technology integration
“merely automates the practices of the prevailing paradigm (a) non differentiated large
group instruction, (b) access to information in classrooms, (¢) non-engagement of
parents, and (d) summative assessment of performance” (p.10). Embedding technology in
practices that are supported by research may be required before significant improvements

in teaching and learning can be measured.
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Evaluating Maine’s MLTI Initiative

The deployment of laptops to all seventh and eighth grade students coincided with
several other components of the technology plan developed by the Task Force. One of
those components established the goal of ongoing evaluation of the one-to-one initiative.
In 2002, the Maine Department of Education hired the Maine Policy Research Institute
(MEPRI) to undertake that ongoing evaluation (Silvernail, 2011). In 2011, Silvernail
described the results of an eight-year program to document the changes in teaching and
learning resulting from the Maine Learning Technology Initiative.

That mixed-method study involved surveys, site visits and observations. The
report documented the uses of laptops by Maine’s middle school teachers and students,
factors that affected use levels, perceived benefits by teachers and students, achievement
effects of the MLTI program, and costs associated with the program (Silvernail, 2011).
According to Silvernail, (2011) the adoption and use of laptops has increased over time
with 75 percent of teachers reporting the use of laptops to provide instruction in 2010
verses only 42 percent of teachers reporting using laptops to provide instruction in 2005.
In the same study, 53 percent of teachers reported, in 2010, using laptops to provide
formative assessment, while 60 percent of teachers reported using laptops for summative
assessments. Interestingly, teachers who identified themselves as a constructivist in
teaching philosophy were almost three times (45 percent versus 16 percent) more likely
to use laptops for assessment as teachers who identified their teaching philosophy as
traditionalist. Constructivist teachers were also almost twice as likely (57 percent to 32

percent) to use their laptops to provide classroom instruction (Silvernail, 2011).
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Silvernail and Gritter (2005) reported no “appreciable change in overall
performance on the eighth Grade Maine Education Assessment” over the three years of
the MLTI’s existence. They also undertook a comparison of MEA writing scores for the
years 2000, before the MLTI initiative, and 2005, three years into the initiative. Scaled
scores were 3.44 points higher in 2005, representing an effect size of 0.32 (significant at
the p<.001 level) (Silvernail & Gritter, 2005). Although the study could not demonstrate
causality, it found that how students used their laptops in the writing process influenced
the scaled scores obtained (Silvernail & Gritter, 2005). Those who used their laptops in
all phases of the writing process (drafts, edits and final copies) statistically out performed
students who did not use their laptops at all, or used them for only a portion of the writing
process (Silvernail & Gritter, 2005).

In comparison, Suhr, Hernandez, Grimes, and Warschauer (2010), undertook a
quasi-experimental design to analyze the effects of a one-to-one laptop program on fourth
and fifth grade ELA scores in California. Student achievement was evaluated using the
California Standards Test (CST), a criterion-referenced test of mastery of the California
state standards. Suhr et al. (2010) found only a small statistically significant effect size of
0.04 for the use of laptops over two years on the writing subtest. Although the study used
teacher surveys, observational, and student demographic data to ensure that differences
between the control and experimental groups were minimal, the researchers did not
explicitly collect data on how laptops were used to support the writing process.

The importance of measuring student achievement under conditions where
technology use is tied directly to research-based practice was illustrated in mathematics

by Silvernail and Buffington (2009). The researchers undertook a randomized-control
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trial study of the impact of professional development in mathematics on student
achievement. Experimental groups received two years of professional development to
improve both pedagogical content knowledge and training in the integration of specific
technological tools to facilitate both instruction and student understanding. Pre- and post-
test scores of student achievement indicated that students who received instruction from
teachers in the experimental group outscored the control group at a statistically
significant level. Further analysis revealed that the significance was found only in subtest
areas in which teachers in the experimental group showed “implementation fidelity”
(Silvernail & Buffington, 2009, p.12). Subtest differences for experimental and control
groups were only significant where teachers had the largest reported use of the introduced
pedagogy. The results support the contention that measurable changes in student
outcomes from using technology-based instruction require both pedagogically sound
practices and adherence to the practice over sustained periods.

Early in the implementation of the MLTI program, Beaudry (2004) undertook a
qualitative investigation of the use of laptops for classroom assessment. The study was
short term, and best described as a case study, but in the observation of three teachers,
Beaudry concluded that the presence of laptop computers did not improve a teacher’s
ability to implement effective assessment strategies, such as linking instruction and
feedback to clearly articulated learning targets. Rather, evidence was presented that in
fact, the presence of web-based resources may have confounded the assessment practices
and expectations for both summative and formative assessments.

Other evidence suggests that appropriately designed units and assessment

products can measurably improve student learning. Berry and Wintle (2009) undertook
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an action-research study on middle-school science classrooms. Experimental and control
classes received the same instruction but were asked to complete different summative
assessments. In the experimental group, students were asked to use technology to produce
an animated podcast of the relationship between the Earth’s angle of tilt and the seasons.
The control group produced a paper and hand-drawn set of diagrams for their summative
assessment. Pre-, post- and month-long retention assessments were taken to evaluate the
effect of the treatment, the assessment product. Students required to complete the
technology-rich assessment improved from 42 percent to 91 percent success on pre- and
post- tests. Those students completing the traditional assessment improved from 52
percent to 81 percent on the same two tests. Treatment students had a post-assessment
effect size of 0.61. More impressively, the experimental group had an 87 percent success
rate on a retention assessment administered one month after the completion of the
original unit. The retention for the control group was 63 percent, yielding an effect size of
1.42 for the treatment group.

In an early case study of two teachers participating in the MLTI project,
Garthwait and Weller (2005) reported on the interplay of teacher beliefs, technical
knowledge, time constraints, and policy. Using interviews, observations, and document
analysis over the course of a year, they observed that “access to one-to-one computing
did not automatically shift instructional styles from teacher-centered to student-centered”
(p.373). They also observed differences in the technical knowledge that each teacher
brought to the integration of technology into the classrooms. In the case of the teacher
struggling with technical issues, her perception of the long-term value of one-to-one

computing was cautious. Garthwait and Weller (2005) also reported a difference in
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integration levels between the two teacher participants. They attributed the more
advanced integration level to the teacher’s technical knowledge and pedagogical stance.
The teacher struggling with the integration of technology into her practice was described
as having an “incrementalist view of laptops’ place in her classroom: their purpose was to
perform traditional work better and more efficiently, not to change the nature of
educational roles” (p.375). Grathwait and Weller also noted that time constraints were
significant issues for both teachers in integrating technology, while policy decisions
concerning which students were able to bring their laptops home also played a role in the
willingness and perceived success of integrating technology into these teachers’ practice.
Limitations in the Evaluation of MLTI

The quantitative and descriptive studies of the MLTI deployment have provided
insight into the types of tools being used by Maine teachers (Silvernail, 2011); student
achievement results in writing (Silvernail and Gritter, 2005) and mathematics (Silvernail
and Buffington, 2009). Beaudry (2004) undertook a short-term qualitative review of
assessment practices of three teachers, while Grathwait and Weller (2005) performed a
qualitative case study of two teachers in the first years of the MLTI deployment.

Those studies provide glimpses into the impact of one-to-one computing on
teaching and learning. The qualitative studies were of limited scope, two teachers in
Grathwait and Weller (2009) or duration (Beaudry, 2004). In addition, the qualitative
observations of student and teacher uses were undertaken in the early deployment of
computers to Maine’s middle-school teachers. Although Grathwait and Weller (2009)

found a difference in integration levels between their two teachers, the deployment period
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had been only over two years. Much has changed and been learned over the 12-year
deployment of MTLI in the state of Maine.

No qualitative evaluation of the impact of MLTI on teacher practices has been
undertaken across all middle-school grades and content areas. It is not clear if
deployment and implementation differ across content areas. Over the last dozen years
several frameworks have been developed to understand teacher use of technology in the
classroom. In Maine, no studies have applied those frameworks to the MLTI project.
Finally, no studies have focused specifically on successful schools and teachers to
attempt to understand what does this success look like and how did teachers reach it.
Frameworks to Describe The Adoption Of Innovations

Successful integration of technology into teacher practice requires more than just
identifying research-based practices for the use of technology as described in the
following sections. It also requires an understanding of the complexities of changing
teacher practice. Those changes require teachers to adopt new approaches and in some
cases new beliefs. Several models have been used to describe the adoption of technology
in educational settings. Those include the Concerns-Based Adoption Model, (CBAM),
(Hall, 2010), the Technology Acceptance Model, (TAM), (Davis, 1989), and Diffusion of
Innovation, (Dol), (Rogers, 2003). The CBAM and TAM models were developed to
specifically address the adoption of innovations in educational settings, while the Dol
model has been used to describe the adoption of innovations, including technology,
across multiple fields. Both the CBAM and TAM models address the adoption process

from the perspective of the adopter or user (Straub, 2009). The Diffusion of Innovation
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model combines both the adoption process for the individual user and diffusion process
as it applies to the organization (Sahin & Thompson, 2006).

The choice of a framework to describe large-scale one-to-one implementations of
technology is critical to understand the outcomes of such a change. As concluded by
Straub (2009), “technology adoption is a complex, inherently social, developmental
process, individuals construct unique (but malleable) perceptions of technology that
influence the adoption process and successfully facilitating a technology adoption needs
to address cognitive, emotional, and contextual concerns” (p.626). Each of the following
frameworks describes the adoption of innovations from different perspectives.

Technology Acceptance Model (TAM).

The Technology Acceptance Model is tailored to information technology
adoptions. It focuses upon the end users of technology, and why they accept or reject a
new technology. The model uses two variables of user behavior: perceived usefulness
and perceived ease of use to describe the adoption decisions of users (Davis, 1989).
Perceived usefulness is defined as “the degree to which a person believes that using a
particular system would enhance his or her job performance,” while perceived ease of use
is defined as “the degree to which a person believes that using a particular system would
be free of effort” (Davis, 1989, p.320).

The TAM model has been used in quantitative studies of technology adoption
(Baker-Eveleth et al., 2007; Ndubisi, 2006) because Davis’s variables have been
quantified with Likert scales and tested for reliability and validity (Davis, 1989).
Critiques of the TAM model note that perceived ease of use ignores self-efficacy

judgments, as well as other individual differences that adopters weigh when making an
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adoption decision (Straub, 2009). Further, the TAM model treats adoption as a
dichotomous choice of use/non-use, and is silent on the ongoing process involved in
long-term initiatives of technology integration (Hall, 2010).

Concerns Based Adoption Model (CBAM).

The concerns-based adoption model combines three components: stages of
concern (SoC), levels of use (LoU), and the innovation configuration (IC). The CBAM is
designed to allow a facilitator of change to understand the concerns of adopters, but not
necessarily the adoption across an organization (Straub, 2009). One important component
of the CBAM is the focus on adoption as a process, and not as a dichotomous choice
between use/non-use (Hall, 2010). The CBAM also addresses implementation fidelity
with the IC component, which is described by the innovator or developer in terms of high
fidelity, and then delineates the various ways and configurations that an innovation may
be used (Hall, 2010).

Researchers have used innovation configurations to describe the fidelity of
various educational initiatives (George, et al., 2000; Donovan, 2005; Donovan et al.,
2007). Donovan (2005) found three distinct configurations of laptop use in a single
school implementing a one-to-one environment. Identified limitations of the CBAM are
that the end user of the innovation is the teacher, and the model is blind to the impacts on
students. Additionally the model focuses on teacher concerns while ignoring the possible
positive perceptions of adopters for the innovation (Straub, 2009).

Diffusion of Innovations (Dol).

The Diffusion of Innovation framework addresses both the adoption process of

individuals and the diffusion of adoption across organizations over time (Rogers, 2003).
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There are four main elements in the theory; the innovation, communication channels,
time, and social systems. Many of the elements of Rogers’ theory echo components of
both CBAM and TAM. The adoption of an innovation is dependent upon the relative
advantage of the innovation, its compatibility with existing values, the complexity of the
innovation, and its observability and trial-ability (Rogers, 2003). Although the adoption
of an innovation is still described as a use/non-use decision, the process of making an
innovation decision is identified as a time-dependent element (Straub, 2009).
Importantly, the diffusion process focuses on the social nature of information sharing and
is framed in terms of the social system undertaking the adoption. The primary criticism
of Dol is that it is descriptive and not prescriptive (Straub, 2009), however it does allow a
researcher to describe why adoption has occurred in a given setting.

The Diffusion of Innovations: A Social Process.

In inves