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The purpose of this qualitative study was to exantive decisions three teachers
made to integrate technology in technology-richmedatary classrooms. An additional
purpose of this study was to understand how thehtga’ beliefs about technology and
their knowledge of content, pedagogy, technologg, laarners influenced the decisions
they made during planning for technology integmati@uiding the study was a
conceptual framework that suggests that both teacbeliefs about their technology and
their knowledge of learners influence teacher desimaking during planning. Teacher
beliefs are defined as the attitudes teachers &lwet teaching and learning (Pajares,
1992). Teacher knowledge is represented throughebbnological Pedagogical Content
Knowledge (TPCK) framework (Mishra & Koehler, 20G8juated within knowledge of
learners. When teachers are thinking within the KR@mework, they are concurrently
considering what they know about technology, pedsgand content as they are making
decisions about instruction. A multiple case staggroach with within-case and cross-
case analysis was used. Three teachers who wdraeacded $20,000 grants for
classroom technology participated in the study.thid data sources (interviews,
observations, and lesson plan review) were colieatel analyzed for emerging themes
(within-case analysis). Three descriptive case&weitten and then compared for
common themes (cross-case analysis). The ThinkeéAtoethod was used to understand
the process of planning for each teacher when derieg technology integration

(Peterson & Clark, 1978; Peterson & Comeaux, 199f)ss-case findings revealed that,



when planning for technology integration, the teashmade decisions about a) the
content they were teaching and the desired endtre3the learners, and c) the
technology tools. Beliefs about technology inclyda) technology engages students, b)
students should be exposed to content throughgh@futechnology, and c) students
should be exposed to technical skills through #eaf technology, influenced the
decisions the teachers made when integrating téagmoStrong technological
knowledge also influenced the decisions the tegamade during planning. Data
analysis suggested that the teachers were stélldewg their technological content
knowledge (TCK) and technological pedagogical kremge (TPK) (Mishra & Koehler,
2006) and relied mainly on technological knowletlgplan for the integration of
technology. The study findings have implicationstiacher educators, teachers, and
school and district leaders. Specifically, teacdhncation methods courses need to
explore ways to engage preservice teachers initigrdbout the pedagogical affordances
and limitations of using technology to teach thateat. Additionally, technology
professional development needs to take a curricdibloused approach to technology
professional development in order to support teacas they develop their technological

content knowledge (TPK) and technological pedagddginowledge (TPK).
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CHAPTER |

INTRODUCTION

As we move further into the ZTentury, instructional technology is becoming
more affordable and accessible to schools (PeB06; Warschauer, 2006; Windschitl
& Sahl, 2002). Sensing the demand to produce g@Bhtentury learners (International
Society for Technology in Education, 2007; Parthigrsor 2% Century Learning, 2009),
many schools are purchasing large amounts of téopypancluding creating 1:1
learning environments with tools such as laptagsiets, or handheld devices. According
to the National Center for Education Statisticsayzet al., 2010), 99% of teachers either
had one or more computers in their classrooms widdaring personal computers to
school and 95% had daily Internet access in thagscooms.

Despite the fact that access to technology is dlnnaisersal in schools,
technology is still underused in schools (Cuba®12@rimes & Warschauer, 2008;
Zhao & Frank, 2003). For example, of the 99% otheas who had daily access to
computers in their classrooms, only 40% reportedguihe computers often during
instruction (Gray et al., 2010). One factor inflagmg the use of technology is teachers’
knowledge of how to effectively integrate it intestruction. Levin and Wadmany (2006)
acknowledge, “without teachers’ skilled pedagogaggblication of education technology,
technology in and of itself cannot provide innovatschool practice and educational

change” (p. 158). With careful consideration fog thays technology can support content



and pedagogy, teachers could meet the variousmganeeds of students in their
classrooms.

Along with their knowledge about technology and hovintegrate it into their
teaching, teacher beliefs play a large role invthg teachers integrate technology in
instruction (Ertmer & Ottenbreit-Leftwich, 2010; Wischitl & Sahl, 2002). Teachers’
pedagogical beliefs about technology integratiderofeflect their instructional practices
(Angers & Machtmes, 2005; Ertmer, 2005; Ertmer, i&dd, Lane, Ross, & Woods,
1999; Kemker, Barron, & Harmes, 2007; Lim & Chd08), suggesting, for example,
that a traditional teacher might use technologlyaditional ways, including for drill and
practice (Mouza, 2008). Often, beliefs about pedggmd instructional practices remain
the same for teachers, despite the amount of témimavailable to them (Cuban, 2001;
Palak & Walls, 2009; Swan & Hofer, 2008). In fachao and Frank (2003) suggest that
“unless a teacher holds a positive attitude towactinology, it is not likely that he or she
will use it in teaching” (p. 809).

Given that less than half of the 99% of teachers veported having daily access
to computers in their classrooms use the compofégs, and that teachers’ knowledge
and pedagogical beliefs influence technology irdégn, there is a need to examine
teachers whare using the technology they have for meaningful ingional tasks.
Meaningful instructional tasks can be defined asé¢hthat enable “students to construct
deep and connected knowledge, which can be apliezhl situations” (Ertmer &
Ottenbreit-Leftwich, 2010, p. 257). One way to exaarhow teachers are meaningfully

integrating technology is to observe the decistbey make when planning. Although



articles on teacher planning discuss the thougitgases and decisions teachers make
when planning, few, if any, give rich descriptianta what that looks like in the planning
process and in the classroom when teachers areleang the integration of technology.
Therefore, the purpose of this multiple case stadg understand the thought processes
and decisions three teachers make while planningégrate technology into their
lessons and how their knowledge and pedagogicafbeiffect those processes. | am
also interested in describing how their plannirgyplout in the classroom based on my
observations of three teachers who regularly imtiegiechnology into their teaching, so
this is another goal in this study.
Rationale for the Study

Currently, there is a gap in the research on hawtters plan for technology
integration. Past empirical research offers exampfdechnology integration across
content areas (e.g., Bos, 2009; Clements, 200&8d#F@an, 2006; Hansen, 2008; Konold,
2002; Savage, 2007; Suhr, Hernandez, Grimes, & tdarger, 2010; Woolsey &
Bellamy, 1997; Yerrick & Johnson, 2009), as welhewles of technology initiatives in
schools (e.gBarron, Harmes, & Kemker, 2006; Dunleavy, Dexteii&necke, 2007,
Garthwait & Weller, 2005; Grimes & Warschauer, 20B8nuel, 2006Sandholtz,
Ringstaff, & Dwyer, 1997Warschauer, 2006; Windschitl & Sahl, 2002). Redehas
also addressed the ways in which technology useastgdiverse learners (e.g., Bray,
Brown, & Green, 2004; Freeman, 2012; Hasselbringl&ser, 2000; Hofer & Swan,
2008; Lee, 2006; Lewis, 1998; Shaunessy, 2007; ¥asdl-Baska & Stambaugh, 2006;

Watson & Watson, 2011). Finally, the factors timdluience technology integration are



commonly included in empirical research on insinral technology (e.g., Becker &
Ravitz, 1999; Berg, Benz, Lasley, & Raisch, 199@nter, 2005; Ertmer et al., 1999;
Ertmer, Ottenbreit-Leftwich, & York, 2006-2007; Lew& Wadmany, 2006; Miranda &
Russell, 2011; Palak & Walls, 2009; Park & Ertn®407; Windschitl & Sahl, 2002;
Zhao & Frank, 2003). A more detailed discussiothed research is in Chapter 1.

A few case studies (e.g., Beeson, 2011; Harris &&H&011; Hofer & Swan,
2008) offer descriptions of teachers thinking aldeahnology, pedagogy, and content
when planning for technology integration, but themmains a need to continue to
examine how teachers’ knowledge and beliefs aleadhing and learning influence
planning. This multiple case study of three teaslptsinning for technology integration
in technology-rich classrooms is designed to cbuatd to the literature on how teachers
plan for technology integration by sharing richagstions of the decisions the teachers
made when considering integrating technology.

Conceptual Framework

The conceptual framework guiding this study poitg teacher knowledge, as
represented through the Technological Pedagogiaaledt Knowledge (TPCK)
framework (Mishra & Koehler, 2006) and teacherdidie work together to influence the
decisions teachers make during planning (Figur&itst, teacher knowledge is
represented in the conceptual framework as thesaictien between the TPCK framework
and teachers’ knowledge of their learners. The TR@Kework represents the
relationship between what teachers know about aprpedagogy, and technology. The

TPCK framework is discussed in more detail in Chaflf but to summarize, when



teachers are thinking within the TPCK frameworleytfare concurrently considering
what they know about technology, pedagogy, anderuras they are making decisions
about instruction. Although the authors of the TPiGdnework locate knowledge of
learners under pedagogical knowledge, | believetdshers’ knowledge of content,
pedagogy, and technology, as well as the relatipadietween the three types of
knowledge, all operate within the context of teashienowledge of learners. In short, |
assume teachers are constantly thinking about thbgitknow about their students as
they are considering what they know about confgdagogy, and technology.

Second, | believe that understanding teachersetsetibout teaching and learning
and their knowledge of content, pedagogy, and t&oigy, can help to explain why
particular instructional decisions are made bectemehers’ knowledge and beliefs
strongly affect and predict their behavior (Ang&rslachtmes, 2005; Ertmer &
Ottenbreit-Leftwich, 2010; Pajares, 1992; Penu@0&2 Windschitl & Sahl, 2002).
Teachers’ beliefs are their attitudes about edacatncluding teaching, learning, and
students (Pajares, 1992). Together, teachers’ lednyel and teachers’ beliefs influence
the decisions teachers make when planning for tdogg integration. For example,
ideally, a teacher who has (a) sophisticated utaedsg of the content, and (b) can
transform the content in multiple effective waysile (c) appropriately using
technology, as well as (d) believes that technolaffgrs innovative ways for students to
construct knowledge, most likely will see the uséeahnology as an integral part of her
planning process. Whereas, a teacher who enjogg tessthnology and believes students

should also use it, but lacks deep knowledge ottmtent and how to represent it in



multiple ways, may struggle with ways to effectiplan for technology integration in
her instruction. Similarly, a teacher who has sgrpadagogical content knowledge
(Shulman, 1986, 1987), but does not believe irbdreefits of using technology in the
classroom to teach content may also struggle wiyargtto integrate it during planning.
These scenarios suggest that there is an intendatitveen teachers’ knowledge and
teachers’ beliefs that influences the way teachee decisions during planning and that
neither knowledge or beliefs should be overlook&gnvconsidering how teachers plan.

While research addresses how teachers’ beliefaahtpe integration of
technology (e.g., Becker & Ravitz, 1999; ErtmeQ20Ertmer et al., 1999; Ertmer,
Ottenbreit-Leftwich, & York, 2006-2007; Levin & Wathny, 2006; Palak & Walls,
2009; Windschitl & Sahl, 2002) and gives some exaspf teachers thinking within the
TPCK framework (e.g., Harris & Hofer, 2011; HoferS&wan, 2008), there is currently a
gap in the literature addressing how both teacherswiledge and teachers’ beliefs
influence the decisions teachers make while plapasithe conceptual framework for
this study suggests. A detailed discussion of Hecurrent literature informed my

conceptual framework is in Chapter Il.



Figure 1

Conceptual Framework

Context

Teacher Knowledge

Teacher Beliefs

Knowledge of Leamners

Decisions Teachers
Make During Planning

Research Questions
To understand how teachers make decisions duramppig and how the
knowledge and beliefs influer those decisions, the followirrgsearch questions guid
the study:
1. What doesneaningfu technology integration look like in a technol-
rich elementary classrooi
2. What kinds of decisions does the teacher rwhen planning fo

technology integratior



2a. Why were those decisions made when planninggétmology
integration?
3. How do teacher beliefs influence planning faegration of technology
in the classroom?
4. How does a teacher’s knowledge about technologgyagogy, content,
and learners influence her planning of meaningfssbns that integrate
technology?
Research Design
To understand the thought processes and decisankers make to plan for the
integration of technology, | used a multiple caslg approach with within-case and
cross-case analysis. Three teachers who were eached $20,000 grants for classroom
technology participated in the study. The partinigavere chosen based on their
receiving the aforementioned grant awards and thidingness to participate in the
study. Case study methodology offers a detaileld into each teacher as a bounded case,
investigating a contemporary phenomenon, whictis gtudy is their planning for
technology integration over the course of one s&an¢Stake, 1995; Yin, 2009).
Multiple data sources (interviews, observationsl sson plan review) were collected
and analyzed for emerging themes (within-case aiglyThree descriptive cases were
written and then compared for common themes (arass-analysis). Data collection and

data analysis procedures are discussed furthenapt€r IIl.



Assumptions

Based on my experiences as an elementary sclamblde my experiences as a
technology lead teacher, my knowledge of curresgaech in instructional technology,
and my practical knowledge of instructional teclogyl, | have three assumptions about
the teacher participants in this study. First, beeahe three teacher participants were
awarded large technology grants based on applicatitat presented how they would
integrate the technology with their respective icutums, | assume that these teachers
will plan for the integration of technology. Secohdssume that the teacher participants
will not articulate their planning specifically ttugh the TPCK framework (Mishra &
Koehler, 2006), but will plan while simultaneougiynking about content, pedagogy, and
technology. However, this assumption, as my otesuptions begs for empirical
research. Finally, as experienced teachers, | as#ua the teacher participants will
consider what they know about the learners in ttlagsrooms as they are planning for
technology integration. Based on this last asswnpteacher knowledge in the
conceptual framework is represented as the TPQKeweork within the context of
knowledge of learners (Figure 1).

Importance of the Study

As instructional technology continues to becomedasingly accessible to
teachers and students, the idea that studentsgatia datives (Prensky, 2001) with
native-like fluency and ease with using technol@sglyecoming ubiquitous to the field of
education. Therefore, students’ learning needs tmseécognized through thoughtfully

planned technology integration in K-12 classroolhtechnology is underused in most



10

schools, despite being accessible to teachers (C@bal; Grimes & Warschauer, 2008;
Warschauer, 2006; Zhao & Frank, 2003), then mayb@&ed to look beyond the barrier
of access when considering why teachers do najriate technology consistently or
effectively. Both teachers’ knowledge and teachleediefs influence the way teachers
integrate technology in instruction (Angers & Madess, 2005; Ertmer & Ottenbreit-
Leftwich, 2010; Koehler & Mishra, 2008; Mishra & Khbler, 2006; Pajares, 1992,
Penuel, 2006; Windschitl & Sahl, 2002) suggestivaj both need to be considered when
studying how teachers plan for technology integrati

Summary

The purpose of this study was to understand thegit processes and decisions
teachers make to integrate technology into thesdas and how their knowledge of
content and of students, their pedagogical belgefd,their knowledge of and access to
technology affect those thought processes. A maltpse study with within-case and
cross-case analysis allowed me to present a dibt@élecription of how three teachers in
technology-rich classrooms planned for the usedinology within the elementary
curriculum.

Chapter Il will review the literature in instruatial technology and teacher
planning as related to the study’s conceptual fraonk. Chapter Il will describe the
research design of the study and explain the mstfaldwed for data collection and
data analysis. Chapter IV will present the findifgsindividual teachers as separate

cases, and then the results of a cross-case anaympter V will discuss implications



11

for teacher educators, teachers, and administratsnsell as possible directions for
future research.
Definitions

Within the context of this study, the following defions are used:

21% century skills Skills students need to be globally competitipen
graduation, including creativity and innovation|laboration, communication, and
critical thinking skills (problem-solving and deims-making). Two national frameworks
guide teachers in promoting 2&entury skills in instruction: The Partnership 247"
Century Learning’s Framework for 2 Century Learning (2009) and the International
Society of Technology in Education’s National Edimaal Technology Standards for
Students (ISTE’s NETS-S) (2007). | will be using tibove named ZTentury skills as
start codes when analyzing my interview and obsenvalata.

Common Core State Standard$ie Common Core Standards aim to provide a
consistent national framework for preparing studdot college and the workforce in the
21% century (Common Core Standards Initiative, 20T8 standards “establish
consensus on expectations for student knowledgekilsl that should be developed in
grades K-12” (Porter, McMaken, Hwang, & Yang, 20f1103). Adopted by North
Carolina in 2010, the Common Core State Standaeils expected to be used by
teachers in Language Arts and Math beginning irRfi2-2013 school year, the same
year of data collection.

Meaningful instructional tasksnstructional tasks which enable “students to

construct deep and connected knowledge, which eapplied to real situations”
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(Ertmer & Ottenbreit-Leftwich, 2010, p. 257). Obgsrons and interviews will be
analyzed for examples of deep, connected, ap@mdiyeal applications of knowledge
learned through the use of technology.

Meaningful learningAs defined by Jonassen, Howland, Marra, & Crischon
(2008), meaningful learning includes students beingaged in a task that involves
active, constructive, intentional, authentic, andperative activities (p.2). Jonassen et
al. (2008) posit that when technology is used twgage students in active, constructive,
intentional, authentic, and cooperative” ways, “shedents will make more meaning” of
the learning (p. 2). Activities observed or talldzbut in interviews that are active,
constructive, intentional, authentic, or coopeminill be coded as such.

Teachers’ beliefsTeachers’ attitudes about education, includingeeag
learning, and students, are generally referred teachers’ beliefs (Pajares, 1992).
Teachers’ beliefs tend to reflect their practiegasluding the ways they integrate
technology (Angers & Machtmes, 2005; Ertmer, 2@&mer et al., 1999; Hermans,
Tondeur, van Braak, & Valcke, 2008; Kemker, Barr&rlarmes, 2007; Lim & Chali,
2008).

Teacher knowledgd&:eacher knowledge about teaching practices anestsids
commonly represented through Shulman’s (1986, 1p8@agogical content knowledge
(PCK) model. In the Zicentury, teacher knowledge has been represemnimuatinthe
Technological Pedagogical Content Knowledge (TP@idjlel (Mishra & Koehler,
2006). It is suggested that, in order for teacheesffectively integrate technology, they

need to have knowledge of the relationship betwiertontent they are teaching, the
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best practices for teaching the content, and ttlent@ogy they are using (Ertmer &
Ottenbreit-Leftwich, 2010; Koehler & Mishra, 200€jshra & Koehler, 2006).
Teacher planningClark and Peterson’s (1986) definition of teaghl@nning is
used in this study:
Teacher planning includes the thought processesehehers engage in prior to
classroom interaction but also includes the thopgbtesses or reflections that
they engage in after classroom interaction that thede their thinking and
projections for future classroom interaction. (p8R
Therefore, | will attend to coding the participaritoughts and actions while
planning during the preactive, interactive, and-active phases of teaching.
Technological Pedagogical Content Knowledge (TPAKE Technological
Pedagogical Content Knowledge (TPCK) frameworkeaspents the relationships among
a teacher’s knowledge about technology, pedagogy/cantent (Mishra & Koehler,
2006). In this framework, types of knowledge tlegtahers possess are briefly defined as:
content knowledge is knowledge about the mategaidtaught; pedagogical knowledge
is knowledge about the processes and methodsdafiteg and learning, and the
knowledge of learners; technological knowledgenswledge about new and old
technologies; and TPCK is the relationship formewbag the three types of knowledge.
TechnologyTechnology includes any tools for advancemertahss the pencil.
However, for the purpose of this study, the terantelogy refers to digital technologies,
such as computers, interactive whiteboards, taletsther devices controlled by a

computer or computer chip, as well as Web 2.0 tools
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Web 2.0 toolsWeb 2.0 tools are interactive and allow usersotatribute
information rather than just receiving informatié@xamples of Web 2.0 tools include
blogs, wikis, message boards, and websites thav alharing and creation such as

YouTube [ttp://www.youtube.con)/ Glogster [ittp://www.glogster.com/ and

VoiceThread lfttp://voicethread.cofvWeb 2.0 tools typically promote the*2Century

skills of communication and collaboration.
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CHAPTER Il

REVIEW OF THE LITERATURE

Introduction

This literature review examines the research adonelements of teacher planning
and technology integration, beginning witt"'@entury Skills as the overarching skills
that all students are expected to have to compebally for jobs. Second, two
frameworks for technology integration are reviewfedusing on the Technological
Pedagogical Content Knowledge (TPCK) framework {ivis& Koehler, 2006), which
will guide data analysis in this study. Considerihgt teachers face barriers to
technology integration, the third section of therkture review examines factors that
influence technology integration, such as teackéets, and includes research on
facilitating teacher change. After discussing wégdhers may or may not integrate
technology, the focus of the literature review hib how teachers integrate technology.
The fourth section addresses research on 1:1tinésa Fifth, based on the teacher
participants in this study, the use of technolagthie following subject areas is
reviewed: Language Arts, Mathematics, Music, S@eand Social Studies. Sixth, the
ways in which technology is used to meet the ne¢dsserse learners is considered. The
seventh section of the literature review focusebath teacher planning in general and

teacher planning for the integration of technolagg, primary focus of this study.



16

Finally, a discussion of how the literature guidiee study’s conceptual framework is
provided.
21% Century Skills and the Common Core

Businessmen, teachers, administrators and paséatsuse the term, 2Century
skills, when describing the need for preparing stiisl who will be ready to compete
globally for jobs upon graduation (PartnershipZaf Century Learning, 2009; Sardone
& Devlin-Scherer, 2010). Two sets of national semds addressing 2Lentury skills
are available to guide teachers and administratorking to integrate technology into
the curriculum. The first one was developed byRhaetnership 221 Century Learning
(2009), which suggests a framework that repregéetskills and knowledge students
need to be successful in their future lives. Thasnfework includes the core subject areas,
and promotes Zicentury skills that include critical thinking apcoblem solving;

communication, collaboration; and creativity andawation bttp://www.p21.orgl. The

second set of standards is from the Internationeiesy for Technology in Education
(ISTE), which has developed technology standardsttalents (2007), administrators
(2009), and teachers (2008) that integrafé@antury skills

(http://www.iste.org/standards.agpXhese standards are called the ISTE National

Education Technology Standards, or the ISTE-NET&tiNCarolina is currently
reorganizing its standards to align with the Comr@amne Standards (Common Core
State Standards Initiative, 2010) including thafofmation and Technology Essential

Standards (2011) for Kindergarten througlf §iade. However, these standards focus
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less on technology skills, and more on the usediriology to support classroom

concepts and activitiesttp://www.dpi.state.nc.us/curriculum/infoteg:h/

The Partnership for 21 Century Learning

The Partnership for 21Century Learning (2009) offers the Framework fb¥ 2
Century Learning (see Figure. Zhis framework suggests that student outcomes and
student support systems are critical to preparindents in the Z1Century. Focusing on
student outcomes, the Framework tells us thatkltis,sknowledge, and expertise
students need to have to succeed as adults irlth@ehtury include creativity and
innovation, critical thinking and problem solvirejd communication and collaboration.
Of the Framework for Z1Century Learning’s components, this study focusethese

Learning and Innovation Skills (Partnership foP'Zlentury Learning, 2009).

Figure 2

Framework for 2F' Century Learning

21 st Century Student Outcomes
and Support Systems

Core Subjects — 3Rs.

and 21sc Century Themes Information,
Media, and
Technology

Skills
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ISTE’s National Educational Technology Standards foStudents (NET-S)

The International Society of Technology in Educat{g007) also offers a
framework for 2¥ Century learning through their National EducatioFechnology
Standards for Students (NETS-S). In addition tostld@dards for students, standards are
available for administrators (2009) and teache@982. These standards for students
indicate that, in order to be successful in th& @&ntury, students must be able to
demonstrate creativity and innovation, communieaie collaborate, and think critically,
solve problems, and make decisions (Internationale®y for Technology in Education,

2007). Table 1 shows how the two frameworks cloaétn.

Table 1

Comparison of 21 Century Skills Frameworks

Framew?rk for
S
21% Century Skill C 21 ISTE NETS-S
entury
Learning
Creativity and Innovation v v
Collaboration v v
Communication v v
Critical Thinking Skills
* Problem Solving v 4
= Decision-making

21 Century Skills in the Classroom

There continues to be a need for empirical reseaddressing Zicentury skills
in the elementary classroom. Current research dre@dtury skills is lacking in K-12,
but several studies have addressedchtury skills with pre-service teachers (Lambert

& Gong, 2010; Sardone & Devlin-Scherer, 2010). &mmple, Lambert and Gong
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(2010) used the ISTE NETS-S (2007) to restructuee technology course for pre-
service teachers. The course moved from focusingamology skills, such as word
processing, to being guided by*ientury skills, such as collaboration and
communication through the use of Web 2.0 toolsyTband that the pre-service
teachers became significantly less anxious abeutiske of technology and more
confident in their ability to integrate technologyo the curriculum after taking the
course. Sardone and Devlin-Scherer (2010) also 2&&dentury skills to frame a course
for pre-service teachers. The authors used thedtatip for 21 Century Learning’s
framework (2009) to guide the course, with the giddlaving the pre-service teachers
identify 21 century skills through the use of gaming. Theynfbthat, through the use of
games, the pre-service teachers were able to fgevays to use games to encouragé 21
century learning in their classrooms.

In addition, 2% century skills have been addressed in recentipomer articles
geared toward administrators and in-service teadfgeg., Rotherham & Willingham,
2010; Sawchuk, 2009; Silva, 2009), as the promatic?l™ century skills remains a hot
topic in K-12 classrooms among administrators,lieeg; parents, and community
members (Partnership for 2Century Learning, 2009, Sardone & Devlin-Sche261,0).
These practitioner journal articles tend to makase for using Zicentury skills in the
classroom based on how they will prepare studente tglobally competitive in the 21
century workplace, but they do so without citinggfic classroom examples or
empirical research. Therefore, more empirical neseabout what Zicentury skills look

like in the elementary classroom is needed to sleawhers how to promote those skills
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because teachers need models from which to expancknowledge and pedagogy to
include technology.
The Common Core

Coordinated by the National Governors Associatient€r for Best Practices
(NGA Center) and the Council of Chief State Schofficers (CCSSO) in collaboration
with classroom teachers, administrators, and atlacators, the Common Core
Standards aim to provide a consistent national éwaonk for preparing students for
college and the workforce in the*2dentury (Common Core Standards Initiative, 2010).
The standards “establish consensus on expectdtostident knowledge and skills that
should be developed in grades K-12” (Porter, elall1, p. 103). Porter et al. (2011)
suggest that a national curriculum could presemfaiiowing benefits:

1) Shared expectations. A national curriculum waaffdr consistency in

what is expected of students.

2) Focus. A national curriculum could bring gredterus to what is being

taught, improving the popular “mile wide and anhrieep” approach to

the state curriculums.

3) Efficiency. A national curriculum would alleveathe development of

standards by individual states. This could alsorowe the quality and

applicability of instructional materials, professa development, and

teacher education.

4) Quality of assessments. A national curriculumldgrovide for

consistent assessments that could be deliveretiaerally. (p. 103-104)
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However, empirical research still needs to be dorstates using the Common Core
Standards in order to see if a national curricutlges in fact provide these benefits to
educators and students.

In June 2010, North Carolina adopted the Commare Gtandards in K-12
Mathematics and Language Arts (Public Schools atiNGarolina, n.d.). According to a
search on the Public Schools of North Carolina webs

(http://www.ncpublicschools.orjy/professional development on the Common Core

Standards has been ongoing, most recently throughe2011-2012 school year. The
Common Core Standards are expected to be usednnipy and instruction by Math and
Language Arts teachers during the 2012-2013 sofeanl (Public Schools of North
Carolina, n.d.). North Carolina’'s Common Core Stadd for Math and Language Arts
can be viewed on the Public Schools of North CagoWebsite

(http://lwww.ncpublicschools.org/acre/standards/cominore). North Carolina’s

Essential Standards for other subject areas carbalsiewed on the Public Schools of

North Carolina websitehftp://www.ncpublicschools.org/acre/standards/neamdards)/.

Because data for this study was collected durieg2®il2-2013 school yeatr, it is
important to keep in mind that the teachers wepeggncing a transition in their
planning from the North Carolina Standard Cours8tafly to the Common Core
Standards. This transition will be addressed adedlto the experiences of the three

teacher participants in Chapter IV.
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Frameworks for Technology Integration
Technological Pedagogical Content Knowledge (TPCK)

Modeled after Lee S. Shulman’s (1986) work onhea&nowledge, specifically
teachers’ pedagogical content knowledge, the Tdogital Pedagogical Content
Knowledge (TPCK) framework represents the relatigrs among a teacher’s
knowledge about technology, pedagogy, and conkdishfa & Koehler, 2006). In this
framework, types of knowledge that teachers posmesbriefly defined as: content
knowledge is knowledge about the material beinghgpedagogical knowledge is
knowledge about the processes and methods of tepahd learning based on
knowledge of students; technological knowledgensviiedge about new and old
technologies; and TPCK is the relationship formembiag the three types of knowledge.
A visual representation of the TPCK framework isrsen Figure 3. When teachers are
thinking within the TPCK framework, they are sinamleously considering what they
know about technology, pedagogy, and content asafeemaking decisions about

instruction.
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Figure 3

Technological Pedagogical Content Knowledge (TPCK)
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Defining technology integration.Rodney S. Earle (2002, as cited in Harris &
Hofer, 2011, p. 227) suggests that technology natémn is about more than just the

technology:
Integrating technology is not about the technologyisprimarily about content
and effective instructional practices. Technolagyoives the tools with which we
deliver content and implement practices in bettaysv Its focus must be on
curriculum and learning. Integration is defined hgtthe amount or type of
technology used, but by how and why it is used)(p.
In the past few years, there has been more emipieisearch available regarding uses of
the TPCK framework in the classroom as researdrerbecoming increasingly
interested in how this framework is translated inttruction. However, beliefs about
pedagogy and instructional practices often rentsnstime for teachers, despite the
amount of technology available to them (Cuban, 2@¥an & Hofer, 2008). This
dilemma is often attributed to barriers teachece fauch as lack of access, time, support,

as well as beliefs about technology integrationr(er et al., 1999). However, any shift

in the way teachers think about the role of techgyplin planning that can be observed
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through the presence of the TPCK framework neeti& tempirically examined in
classrooms.
Such examination is complex because as Hofer amh $2008) suggest, the
TPCK framework in the classroom is a “moving tatdpt 196) and teacher knowledge
varies from teacher to teacher. It is importanmetmember that teacher knowledge can be
impacted by many factors including “culture, socm@omic status, and school
organizational structures” (Harris & Hofer, 2011 2A43). In addition, the application/use
of TPCK will vary depending on the situation, inding the content being taught and the
resources available. Mishra and Koehler (2006) sigaport the idea that teacher
knowledge and the TPCK framework are not fixedtest
There is no single technological solution that agspfor every teacher, every
course, or every view of teaching. Quality teachieguires developing a nuanced
understanding of the complex relationships [amdeghnology, content, and
pedagogy, and using this understanding to devglppo@riate, context —specific
strategies and representations. (p. 1029)
Further, Hofer and Swan (2008) posit that teacheesl to work within their own Zone
of Proximal Development (Vygotsky, 1978 as citedHmfer & Swan, 2008) in regard to
content, pedagogy, and technology and the reldtiprizetween the three types of
knowledge.
A few qualitative studies have sought to studyuke of the TPCK framework in
teacher planning and implementation of instruc{ex., Beeson, 2011; Harris & Hofer,
2011; Hofer & Swan, 2008). These studies offer dekcription of teachers thinking

within the TPCK framework when planning for techogy integration, but there remains
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a need to continue to observe the presence ofRIgKTframework in planning and
instruction, especially in the elementary classrodtowever, challenges still remain in
how to measure and represent the presence of TR@&€Chnology integration (Abbitt,
2011), which more research may remedy.

Other Frameworks for Technology Integration

The TPCK framework (Mishra & Koehler, 2006) is ptamamong researchers as
a way to define teachers’ knowledge of how to ¢ffety integrate technology in the
curriculum. Therefore, the TPCK framework will gaithis study as | examine how
teachers plan for the integration of technologyhwita technology-rich classroom.
However, other frameworks for technology integnati@ave been developed. For
example, Groff and Mouza (2008) propose the Indialized Inventory for Integrating
Instructional Innovationg§5) “to help teachers predict the likelihood otsass of
technology-based projects in the classroom andifgiggotential barriers that can hinder
their technology integration efforts” (p. 21).

Groff and Mouza'’s (2008) i5 framework addressesGbatext (school), the
Innovator (teacher), the Innovation (project), &mel Operators (students) and their
relationship to the factors that influence techgglmtegration, including, but not limited
to, organizational culture and support, technolpficiency, and beliefs and attitudes
(for a graphic representation of the i5 framewark &roff & Mouza, 2008). Broken into
categories of 1 through 3, teachers scoring at&dnnology proficiency, for example,
would not be able to integrate the technology th@r lessons while teachers scoring a 1

in technology proficiency would have the knowledgeffectively integrate the
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technology into instruction. By reviewing the isaghic before planning for a lesson
integrating technology, a teacher could identifggble barriers to successful integration
and address them prior to instruction (Groff & Mau2008). The i5 framework is still
being tested with teachers to determine its effeoess in predicting possible barriers to
technology integration. | will not be using thiafnework in this study because there is
little empirical evidence supporting its predictivaidity.

Factors Influencing Technology Integration: TeacherChange

According to the National Center for Education Stats (Gray et al., 2010), 99%
of teachers had one or more computers in theisass or were allowed to bring their
own computer to school and 95% had daily Interoegss in their classrooms based on a
national survey given in the Spring of 2009. Theoraf students to computers in the
classroom was 1.7 to 1. In addition to computeachers also listed items, such as
projectors (36%), interactive whiteboards (28%}) digital cameras (64%) as being
available to them on a daily basis. However, ofa8% of teachers who had daily access
to computers in their classrooms, only 40% repoutgdg the computers often during
instruction (Gray et al., 2010).

If access to technology in the classroom is noigkee, then why do less than
half of teachers who have technology availabldémt use it consistently during
instruction? Research indicates that computersiragderused in most schools, despite
being available for instructional use (Cuban, 20Bdmes & Warschauer, 2008; Zhao &
Frank, 2003). Groff and Mouza (2008) suggest tleviang factors as influencing

technology integration: (a) legislative factors), district/school-level factors, (c) factors
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associated with the teacher, (d) factors assocuwitidthe technology-enhanced project,
(e) factors associated with the students, ané¢fiofs inherent to the technology itself (p.
23). Since this study focuses on how teachersfplaiechnology integration, this section
will focus on factors associated with the teacher.

When considering the ways teachers integrate téobgypofactors that influence
this integration can be categorized as first oodesecond order barriers. Ertmer et al.
(1999) suggest that barriers, such as lack of actiese, or support, can be classified as
first-order barriers mentioned by teachers whogsfielwith technology integration.
Teachers are often initially discouraged from useahnology because of first-order
barriers (Cuban, 2001; Grimes & Warschauer, 2008né&r et al., 1999). Second-order
barriers, which are intrinsic to teachers —sucthas beliefs about teaching, integrating
technology, classroom practices, and change- are difficult to influence. In their
study of factors that influence technology inteigmat Ertmer et al. (1999) noted that all
of their teacher participants experienced the sansteorder barriers, but that those
barriers did not affect their integration of teclogy in the same way because their
beliefs shaped the way they allowed first-orderibes to impact their instruction.
Therefore, it is important to consider influencéisen than access to technology, or first-
order barriers, when thinking about whether orteathers integrate technology into
their instruction. Furthermore, first-order barsieétre becoming less common because
access and support for technology integration asreased in schools (Ertmer et al.,
1999). Gibbs, Dosen, and Guerrero (2009) suggestltarriers to having technology

integrated into the classroom remain, even withatliged resources” (p. 13), therefore
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making the case that research needs to focus ond&cder barriers that influence
technology integration.

Roschelle, Pea, Hoadley, Gordin, and Means (20@§jest that “teachers who
succeed in using technology often make substastiehges in their teaching style and in
the curriculum they use” (p. 91). Windschitl anch§2002) also argue thatdachers
can and dachangetheir instructional practices when using technofdgy 166). Ertmer
and Ottenbreit-Leftwich (2010) posit that “whendkeears are asked to use technology to
facilitate learning, some degree of change is reqti(p. 258) in some or all of the
following areas: (a) pedagogical beliefs, (b) contenowledge, (c) pedagogical
knowledge, and (d) knowledge of instructional matsr In order to understand this
change in teachers, Ertmer and Ottenbreit-Lefty&€10) suggest that there are four
variables to consider when discussing teacher eghampwledge, self-efficacy,
pedagogical beliefs, and subject and school culture
Knowledge

Discussions of teacher knowledge have shiftedaad over time (Shulman,
1986). Tests of teacher knowledge in the 1870slipigfed content knowledge with
minimal space allowed for questioning pedagogicaividedge. For example, on the
1875 California Teaching Exam only 50 of the polesit®00 points came from questions
about pedagogy. It was clear that, to be licensezlteacher, a depth of content
knowledge in the areas being taught was most impb(Shulman, 1986). By the 1980s,
beliefs about what a teacher should know changestsTof teacher readiness focused on

knowledge of pedagogy rather than content. Questiout time management,
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instructional tools, planning, and students’ nedaiminated the test, overshadowing
guestions about the content being taught (Shuli@86). A focus on pedagogy alone
suggested that (a) there was not a relationshipdset content and pedagogy, and (b)
knowinghowto teach was more important than having a depkmoWwledge abouwhat
to teach. For example, Shulman (1986) suggestsithahe was thinking about “how
subject matter was transformed from the knowledgaeteacher into the content of
instruction” (p. 6).

Pedagogical Content Knowledge (PCK)Recognizing the need for a shift in the
way we think about teacher knowledge, Shulman (12887) proposed a framework for
teacher knowledge representing the relationshiwdxt content knowledge and
pedagogical knowledge. When teachers have pedajagictent knowledge (PCK) they
are able to make decisions about teaching strat@gielation to the content the
strategies are representing. Shulman (1987) redgyedagogical knowledge as a
teacher’s “own special form of professional underding” (p. 8). Pedagogical content
knowledge “represents the blending of content aeathgogy into an understanding of
how particular topics, problems, or issues are egl, represented, and adapted to the
diverse interests and abilities of learners, amdgmted for instruction” (Shulman, 1987,
p. 8). According to Koehler and Mishra (2008), etise to effective teaching is

an awareness of common misconceptions and way®kihlg at them, the

importance of forging links and connections betwedierent content ideas,

students’ prior knowledge, alternative teachingtegies, and the flexibility that

comes from exploring alternative ways of lookindhe same idea or problem. (p.
14)
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Key to pedagogical content knowledge is the idea toAnsformation occurring as the
teacher interprets the content, finds multiple wayepresent it, and adapts instructional
materials based on students’ needs (Koehler & Misk008; Shulman, 1986, 1987).
Shulman (1986) argues that “since there are ndesingst powerful forms of
representation, the teacher must have at handtablerarmamentarium of alternative
forms of representation” (p. 9). Therefore, in orfite these transformations to occur and
for teachers to have multiple ways of representimgtent, teachers need to have
pedagogical content knowledge.

Technology and teacher knowledgédith the steady growth of instructional
technology in schools, another body of knowledgec®gnized as being significant to
teachers: technological knowledge. More recenglgicher knowledge has been
represented through the Technological Pedagogioaledt Knowledge (TPCK) model
(Mishra & Koehler, 2006), which includes knowledgeechnology. It is suggested that,
in order for teachers to effectively integrate tealogy, they need to have knowledge of
the relationship between the content they are tegcthe best practices for teaching the
content, and the technology they are using (Erén@ttenbreit-Leftwich, 2010; Mishra
& Koehler, 2006). Ertmer and Ottenbreit-LeftwiclD{®) recommend that teachers
integrating technology have knowledge that allomes to (1) align technologies to
specific learning goals; (2) choose technologievésious phases of the learning
process; and (3) select appropriate technologiadgdoess issues and needs.

Teacher knowledge of the technology they are usimgore complex than just

technical knowledge. In their longitudinal casedstof a K-8 public school district rich
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with technology due to a state and federal Techlgywlonovation Challenge Grant,
Sandholtz and Reilly (2004) found that teacherdeérto integrate technology more
frequently and successfully when the district f@utheir professional development plan
on the curriculum, rather than on the technologgpi@lizing on the teachers’ strengths
in knowledge of curriculum and planning, the didtivas able to encourage teachers to
integrate new technologies in their instructionisias done through ample technical
support by the district that maintained the teaghmimary role as teacher, rather than
technician (Sandholtz & Reilly, 2004).

Ertmer and Ottenbreit-Leftwich (2010) caution uattteacher knowledge of
technology is ever-changing, as they compare haaicgmplete knowledge of
technology to hitting a moving target. Since digiegechnologies are constantly changing,
teachers can often feel like continuous novicabér knowledge of technology (Ertmer
& Ottenbreit-Leftwich, 2010). Bransford, Brown, a@adcking (2000) suggest that
“expertise in a domain helps people develop a geitgito patterns of meaningful
information that are not available to novices”3B). Expert teachers are said to have
acquired pedagogical content knowledge (Bransfoed. £2000; Pierson, 2001; Shulman,
1986) and can make instructional decisions whikerafing within this framework.
However, the addition of technological knowledg¢ha TPCK framework (Mishra &
Koehler, 2006) offers a variable that sometimesddrexpert teachers into novices again

because technology is always changing.
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Self-efficacy

The TPCK framework (Mishra & Koehler, 2006) as adal for teacher
knowledge tells us that knowledge of content, pedsigand technology aid in the
integration of technology. However, Ertmer and 6lreit-Leftwich (2010) suggest that,
while teacher knowledge is an important factoruaeficing technology integration, self-
efficacy could be more important than knowledgetéachers integrating technology in
instruction. Self-efficacy can be defined as “petgpbeliefs about their capabilities to
exercise control over their own level of functiogiand over events that affect their lives.
Efficacy beliefs affect how people feel, think, mvate themselves, and behave”
(Bandura, 1993, p. 118). According to Bandura (3993=achers' beliefs in their
personal efficacy to motivate and promote learmifigct the types of learning
environments they create and the level of acadpnoigress their students achieve” (p.
117). Tschannen-Moran, Woolfolk Hoy, and Hoy (1988jine teacher self-efficacy as
“the teacher’s belief in his or her capability taeeute courses of action required to
successfully accomplish a specific teaching task particular context” (p. 233).

Pajares (1996) explains that researchers “assksffsmacy beliefs by asking
individuals to report the level, generality, anekagth of their confidence to accomplish
a task or succeed in a certain situation” (p. SHther survey of 350 pre-service and in-
service teachers, Moore-Hayes (2011) found thatittiesicreasing availability of
instructional technology, teachers were still fasito integrate it in instruction due to a
lack of confidence in their ability to integrateaitd an overall feeling of being

unprepared to use the technology in the classrdoore-Hayes (2011) concluded that
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teacher self-efficacy is a determining factor ia #mount and quality of technology
integration. Exemplary technology using teachems te have higher self-efficacy in
their ability to use technology (Pierson, 2001)adleers need to feel confident in their
ability to integrate technology while facilitatisgjudent learning, suggesting that time,
such as during professional development, shoukpkat increasing teachers’ confidence
for using technology (Ertmer & Ottenbreit-Leftwick)10). This can be done by giving
teachers time to experience the technology, patheg with knowledgeable peers,
creating professional learning communities, anginahg technology professional
development with what teachers are currently dowrtgeir classrooms (Ertmer &
Ottenbreit-Leftwich, 2010). Ertmer and Ottenbreg@fwich (2010) summarize the
literature on self-efficacy as saying that teachérs consistently integrated technology
typically had high confidence in their ability tsaithe technology, even if their
knowledge of the technology was not as strong.
Pedagogical Beliefs

Windschitl and Sahl (2002) suggest that “therelmamo individual or
institutional ‘vision of technology use’ that exasteparately from beliefs about learners,
beliefs about what characterizes meaningful leg;ramd beliefs about the role of the
teacher within the vision” (p. 202), indicating theachers’ beliefs cannot be ignored
when considering how and why teachers integratent@ogy into instruction. Research
indicates that teachers’ pedagogical beliefs atemitnology integration tend to mirror
their practices (Angers & Machtmes, 2005; Ertm@0Q% Ertmer et al., 1999; Hermans,

Tondeur, van Braak, & Valcke, 2008; Kemker, Bari&rHarmes, 2007; Lim & Chai,
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2008). Often, beliefs about pedagogy and instoueti practices remain the same for
teachers, despite the amount of technology availabthem (Cuban, 2001; Palak &
Walls, 2009; Swan & Hofer, 2008). Zhao and Frar®@) suggest that “unless a teacher
holds a positive attitude toward technology, nat likely that he or she will use it in
teaching” (p. 809).

Teacher beliefs as related to technology integndteve been studied many times
in the last decade (e.g., Becker & Ravitz, 1999pgBBenz, Lasley, & Raisch, 1998;
Ertmer, 2005; Ertmer et al., 1999; Ertmer, OtteitHreftwich, & York, 2006-2007;
Hermans et al., 2008; Levin & Wadmany, 2006; Mir@&dRussell, 2011; Palak &
Walls, 2009; Park & Ertmer, 2007; Windschitl & Sap002; Zhao & Frank, 2003). The
study of teacher beliefs in general preceded tidiest that include technology and
suggests that there are many ways to define whahégs believe (Pajares, 1992). Pajares
(1992) reminds us that beliefs are “deeply persaa#her than universal, and unaffected
by persuasion. They can be formed by chance, angetexperience, or a succession of
events, and they include beliefs about oneselfcdners alike” (p. 309). Teachers’
attitudes about education, including teaching,negy, and students, are generally
referred to as teachers’ beliefs (Pajares, 1992).

Understanding teachers’ beliefs about educatiatyding the integration of
technology, can help to explain why particulariastional decisions are made because
teachers’ beliefs strongly affect and predict theihavior (Angers & Machtmes, 2005;
Ertmer & Ottenbreit-Leftwich, 2010; Hermans et 28D08; Pajares, 1992; Penuel, 2006;

Windschitl & Sahl, 2002). Pierson (2001) suggelséd tunless a teacher views
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technology use as an integral part of the learphogess, it will remain a peripheral
ancillary to his or her teaching” (p. 427). In altroase study of three teachers using
technology in a one-to-one laptop middle schoolhdgchitl & Sahl (2002) found that
the teachers’ beliefs about teaching and learnregtty influenced their use of the
laptops with the students:

The influence of ubiquitous technology on instrantl decisions was mediated in

substantial ways by teachers’ interconnected bs)isfems about learners in that

particular school, about what constituted goodhemgwithin the context of the

institutional culture, and about the role of thehteology in the lives of students.

(p. 201)
In their study of primary school teachers in 68asth in Belgium, Hermans et al. (2008)
administered a questionnaire on teachers’ belefelated to technology use and found
that constructivist beliefs were a stronger prexiof classroom computer use and that,
in contrast, traditional beliefs about instructiseem to have a negative impact on the
integrated classroom use of computers” (p. 1506).
Culture

Despite having the knowledge, confidence, and fseieeintegrate technology,
teachers may still face second-order barriers (&r@hal., 1999) that hinder their
success. Teachers often face pressures withindtteaols to conform to the school
culture (Ertmer & Ottenbreit-Leftwich, 2010). Ifdéle is not a strong support for
technology integration within the school by admiragon or teachers, teachers wanting
to integrate technology may be negatively impaciduls pressure may also come from

the subject or grade the teacher teaches. Teasineminded by discipline- or grade-
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level teams that do not believe technology haseepin their subject or grade may also
be negatively influenced or deterred from tryingrtegrate new technology (Ertmer &
Ottenbreit-Leftwich, 2010; Hew & Brush, 2007; Zh&d-rank, 2003). Subject culture
can be described as the “general set of instiatiaed practices and expectations which
have grown up around a particular school subjext,shapes the definition of that
subject as a distinct area of study” (Goodson &niglan, 1995, p. 614). Teachers can be
reluctant to adopt a new technology that goes ag#me norms of the subject culture
(Hew & Brush, 2007).

In her in depth study of a North Carolina schostuict implementing a 1:1 laptop
program in grades 4-12, Davis (2009) shared lesleansed from the program related to
school culture, including strong school level laatigp, community support, and the
belief that change does not happen overnight. §freupportive school leadership is
needed to be successful in a 1:1 laptop programm(€wal., 2010; Davis, 2009). Davis
(2009) argues that school leaders do not have tedimology experts, but should model
technology integration and positively support & wluring instruction. The key to strong
leadership is that the teachers feel supporte@r#tian pressured when integrating
technology. Technology initiatives also have thev@oto bring together a school
community as administrators, teachers, parentspaamty members, and students invest
in the implementation of the initiative (Davis, Z)@indschitl & Sahl, 2002), which can
be beneficial to a positive school culture. Fingifigpm the Apple Classrooms of
Tomorrow project tell us that teachers embraceneldygy integration at varying degrees

over time (Sandholtz et al., 1997) and other reseas have agreed that teachers need
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time to adjust to changes within a technology atite (Corn et al., 2010; Davis, 2009;
Holcomb, 2009).

Of course, it is important to consider positive pgessure, as well. A school
culture in support of technology integration magogpositively influence teachers who
are still facing second-order barriers (Ertmer &breit-Leftwich, 2010). Pierson
(2001) described exemplary technology using teacagibeing “surrounded by
colleagues who used computers for meaningful aessienjoyed school- and district-
level support for technology use, and had sufficeaff development opportunity” (p.
414). Understanding that change happens over snmegortant to the maintenance of a
positive school culture when implementing technglogtiatives.

Facilitating Teacher Change

Ertmer and Ottenbreit-Leftwich (2010) suggest thatfacilitation of teacher
change for the purpose of technology integrationtmmdone through both teacher
education programs for pre-service teachers anfégsimnal development for in-service
teachers. Pre-service teachers in teacher edugabgnams are still developing their
beliefs about teaching and learning. As digitalvest (Prensky, 2001b), pre-service
teachers may be confident about how to use techpaémls, but not as confident or
knowledgeable about how to integrate those teclymedan their instruction. Therefore,
teacher education programs have the opportunityfiicence teacher change through
explicit instruction in planning for the integratiof technology. An example of this
would be through the use of the TPCK framework (ivas& Koehler, 2006) as a way to

think about lesson planning.
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Teacher change can also be facilitated througfepsmnal development for in-
service teachers. Unlike pre-service teachersgimise teachers may already have
established beliefs about using technology. Iniserteachers may also consider
themselves novices in their knowledge of technolagy lack confidence in their ability
to learn how to use new technologies. In additpdrsonal barriers, school culture may
also influence the way teachers integrate techiyolBgcause these factors affect the
ways teachers approach technology integration, &rémd Ottenbreit-Leftwich (2010)
suggest that professional development programsaemthe following ideas when

planning technology professional development:

(1) Align experiences with existing pedagogical bel@fsl knowledge

(2) Provide examples of other teachers’ successpdasizing student outcomes
(3) Provide support for risk-taking and experiméota

(4) Expand the definition of “good teaching” to lide technology integration (p.

276)

Ertmer and Ottenbreit-Leftwich (2010) also sugdkat encouraging small changes
based on the teachers’ comfort levels may leadrtgel overall changes in the way they
approach technology integration.

When thinking about facilitating teacher changjés important to think in terms
of a continuum that challenges growth without oysglining the individual. In addition
to changing teacher knowledge, self-efficacy, ligliand culture, models of change give

us checkpoints to consider as teachers adopt rehwmdgies. For example, a popular
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model of change is the Concerns-Based Adoption M@&RBAM)

(http://www.sedl.org/cbamthat focuses on individual reactions to chang#{@n &

Levin, 2009). The CBAM model includes seven staafesoncern a teacher may

experience (see Table 2; The National Academie35)20

Table 2

Stages of Concern (CBAM)The National Academies, 2005)

Stage of Concern Expression of Concern

6. Refocusing | have some ideas about somethirig tha
would work even better.

5. Collaboration How can | relate what | am doiogvhat
others are doing?

4. Consequence How is my use affecting learners® ¢ém
| refine it to have more impact?

3. Management | seem to be spending all my timenget
materials ready.

2. Personal How will using it affect me?

1. Informational I would like to learn more about i

0. Awareness | am not concerned about it.

The CBAM model encourages us to think about chasge process, rather than event,
and that it is a personal experience for the imhlial (Horsely & Loucks-Horsley, 1998).
Schrum and Levin (2009) suggest that this modesé&ul in planning professional
development opportunities that facilitate teachemge.
Research on 1:1 Initiatives
One-to-one (1:1) technology initiatives, specificéaptop initiatives, are
increasingly being implemented in our schools todae to decreasing costs and rising

availability of wireless connectivity (Penuel, 20@arschauer, 2006; Windschitl &
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Sahl, 2002). Penuel (2006) suggests that 1:1 tiviéis are largely defined by the
implementation itself since they vary from programprogram. Characteristics common

to most 1:1 initiatives are:

(1) providing students with use of portable laptopnputers (or other technology)
loaded with contemporary (e.g., word processindst@preadsheet tools, etc.),
(2) enabling students to access the Internet thr@abools’ wireless networks,
and

(3) a focus on using laptops (or other technolagy)jelp complete academic
tasks such as homework assignments, tests, arehpagens. (Penuel, 2006, p.

331)

To date, the most common type of 1:1 initiativesamools is the laptop initiative. Mouza
(2008) suggests that “in an effort to bridge theatdl divide, several districts have
embarked in the implementation of laptop progra(ps449). Given that all three of the
teachers in this study have 1:1 technology in tbl@ssrooms, some discussion of the
history and research into 1:1 programs is warranted
Apple Classrooms of Tomorrow

The nation has seen a strong emergence of 1:atinds since 1985 and the
Apple Classrooms of Tomorrow (ACOT) Project (Dunigat al., 2007). Beginning with
five schools in four states, the ACOT Project pthcemputers, printers, scanners, laser-
disc and videotape players, modems, CD-ROM driaed,software packages in

participating classrooms. In addition to each stu@ad teacher having a computer at
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school, the ACOT Project also initially placed carngrs in the homes of students and
teachers to create a 1:1 environment where studendtteachers had constant access to
the technology, even though this changed in sulesgqeears as funding and
participating classrooms shifted. Teachers wergigeal with training on troubleshooting
and basic computer operations and each ACOT dipedi¢o fund an onsite technology
coordinator to provide technical and instructiosigpport (Sandholtz et al., 1997).
Different than previous beliefs about the use oht®logy that emphasized the computer
as a teaching machine, the ACOT Project promotglthtdogy as a tool to support the
curriculum and that it should be used in ways best supported learning goals
(Sandholtz et al., 1997).

After studying the ACOT Project for 10 years, Saoltk et al. (1997) gradually
saw changes in the ACOT teachers. Initially, ubdmus computing did not revolutionize
the way teachers were teaching. Over time, howésachers began to question long-
held beliefs about teaching and learning and tlegyab to interact with the students
differently, acting as facilitators rather thantleers. Sandholtz et al. (1997) also found
that student engagement with the computers didiedtne over time and that teacher
collaboration increased over time as they workgetiver to develop ways for using the
computers in their classrooms. ACOT coordinatorgiooed to encourage teachers to
use the technology for student-centered practltsiicluded communication and
collaboration, challenging traditional teachinggtiees (Sandholtz et al., 1997).

A significant contribution to the way we think alh@mplementing 1:1 initiatives

came from the study of the ACOT Project throughitleatification of five stages of
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instructional evolution: entry, adoption, adaptatiappropriation, and invention (see
Table 3; Sandholtz et al., 1997; Sandholtz & ReRl§04). The time teachers spend in
each stage varies depending on the knowledge, cbledel, and beliefs the teacher has
about technology. Adequate technical and instraalisupport can help move teachers
through the initial stages faster (Sandholtz & ReR004). Some recent research on
technology integration continues to refer to th&sges of implementation, but as
teachers become more comfortable with technolodlyeir everyday lives, and digital
natives (Prensky, 2001b) enter the teaching prifiesthe idea that all teachers start at

the Entry stage is being challenged.

Table 3

Stages of Instructional EvolutiorfSandholtz & Reilly, 2004)

Entry Learning the basics of using technology;
technical issues dominate
Adoption Move beyond struggling with technology

3]

to successfully using technology on a basi
level in ways consistent with existing
teaching and learning practices

Adaptation Move from basic use to using technology
for increased productivity; More frequent
and purposeful use of technology, but little
change in existing teaching and learning
practices

Appropriation Use technology "effortlessly" as a tool to
accomplish instructional and management
goals

Invention Use technology as a flexible tool in the
classroom.

Learning is more collaborative, interactive
and customized; new teaching and learnjng
practices emerge
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Significant 1:1 Laptop Initiatives

According to Warshauer (2006), 1:1 laptop initiag\date back to 1990 when a
private school in Australia began a 1:1 laptop paagfor fifth grade students. Over time,
the initiative grew to include other grades atshkool and eventually to include other
private schools. The program was funded by thenpsweho either purchased or leased
the laptop computers for their children (Warscha@@06). Modeled after the early
laptop programs in Australia, in 1997, Microsofgha the Anytime Anywhere Learning
program putting laptops in over one thousand schoeér the next five years. The
Anytime Anywhere Learning program struggled to aumsits presence in the schools as
funding was not available. Schools that continu@t e program were limited to what
parents could purchase or lease for their childBamron et al., 2006; Warschauer, 2006).
Although many schools have struggled to maintagirth:1 laptop programs, similar
programs continue to emerge across the nationieas®n being that the access to
wireless networks is steadily increasing in sch@@Glsy et al., 2010; Warschauer, 2006).

Maine’s laptop initiative. Maine was the first state to implement a laptop
initiative with an entire grade of students begmgnin 2002 with all seventh graders and
including all eighth graders by 2003 (Barron et 2006; Garthwait & Weller, 2005;
Warschauer, 2006). By 2004, the program was extetalbigh schools who volunteered
to cover the costs of the laptops. A part of Masrieducation Department, the Maine
Learning Technology Initiative (MLTI) guided thellprogram (Garthwait & Weller,
2005; Warschauer, 2006). Maine partnered with Applagrovide iBooks with

instructional software, such appleWorksemail, andrhe World Book Encyclopedia
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the students, wireless campuses to the schoolgrafessional development to the
teachers (Garthwait & Weller, 2005).

In their multi-case study of two seventh-grade beas in one of the laptop
middle schools in Maine, Garthwait and Weller (20f@kind that the way the two
teachers used the laptops in the classroom wasyhigluenced by their beliefs about
teaching and learning. One teacher was also syaffgicted by first-order barriers
(Ertmer et al., 1999such as technical difficulties when trying toongorate the
technology in her instruction (Garthwait & Well@Q05). Although these findings cannot
necessarily be generalized to the entire middledaiclor even the state-wide initiative,
Garthwait and Weller (2005) suggest that theirifigd may “provide a reflective
opportunity for any teacher questioning the roleddicational computing” (p. 373). The
researchers also highlight the need for adminmtsednd educators to recognize that the
implementation of 1:1 computing is affected by tess’ beliefs about teaching and
learning (Garthwait & Weller, 2005).

A search foMaine andlaptopsin the ERIC database, without the parameter of
peer-reviewed, returned 35 results, with the mjdreing reports or practitioner journal
articles. The Maine Learning Technology Initiatisegeferenced often by practitioner
journal articles discussing 1:1 computing in scedelg., Allan, Erickson, Brookhouse,
& Johnson, 2010; Holcomb, 2009; McLester, 2011; iMikinezek, & Christensen, 2004;
O’Hanlon, 2007; Waters, 2009). Warschauer (200§yssts that, although Maine is a
prime candidate for research on how laptops affesttuction, student outcomes, or

diverse learners, minimal empirical research has ld®one in those areas, with most
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studies focusing on factors that influence the sssof the initiative, such as teachers’
beliefs about technology.

Laptop initiatives in other states.Laptop programs have existed in California
since 1996 when one district participated in Miafs Anytime Anywhere Learning
program. Many schools across California have attechfp combine federal funding with
funding from parents to create their laptop progdWarschauer, 2006). In addition to
Maine, one of the largest 1:1 laptop initiativegigienrico County, Virginia where all
middle school and high school students use lagBason et al., 2006; Grimes &
Warschauer, 2008). According to their website, en€County Schools teamed with
Apple and Dell to provide laptops to all of theirdaile school and high school students

(http://lwww.henrico.k12.va.us/Technology/Instrucadfechnoloqgy.htn)l After the

second year of the program, Henrico County repdrighker levels of academic
achievement in core subject areas with Standartleariing (SOL) tests receiving the
highest scores ever in all content areas (Barrah,2006).

In North Carolina, the Mooresville Graded Schodtict (MGSD) achieved a
successful 1:1 digital conversion, including Aplalptops for all students in grades 3-12.
From 2007-2011, MGSD systematically rolled out ¢gystin four phases. High school
English classes received laptops on carts andgilldchool teachers received personal
laptops during the winter of 2007. During the sayear, all K-2 classrooms received
Smartboards with accessories. As school years ghasgiesequent phases were
implemented, methodically putting laptops in thadsof all students 3-12 by 2011. Itis

impressive to note that, while embarking on thgitdl conversion, MGSD'’s high school
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end-of-course exam scores rose from 68% proficreB006-2007 to 88% proficient by
2010-2011 (Levin & Schrum, 2012). Some lessonswhfrom MGSD'’s successful 1:1
laptop initiative include a) the need for beginning initiatives with a clear vision that
includes input from parents, students, and commiumémbers b) the need for district
technology leaders to be knowledgeable about eadume and instruction in addition to
technology, and c) encouraging teachers to intedeathnology at their own pace while
still expecting growth and movement toward studmmitered learning (Levin & Schrum,
2012). Other 1:1 laptop initiatives have also opediin GeorgiaFlorida, Indiana,
Kansas, Louisiana, Massachusetts, Michigan, MissNew Hampshire, Pennsylvania,
South Carolina, South Dakota, Tennessee, and VargBarron et al., 2006; Davis, 2009;
Grimes & Warschauer, 2008; Holcomb, 2009).

Findings from 1:1: laptop initiatives. First-order barriers to technology
integration (Ertmer et al., 1999), such as acae$sahnology, can be alleviated by 1:1
laptop initiatives (Grimes & Warschauer, 2008; RdnR006). Providing students with a
laptop can change the way in which they learn:

Providing every student with a laptop, which casodie taken home, can

have a tremendous impact on students who are tlyrteft out from the

world of technology. Access to laptop computers daange botihowand

whatstudents learnyithin as well aoutsideschool boundaries. (Mouza,

2008, p. 449)

In fact, Grimes and Warschauer (2008) posit that*tm-one laptop programs arguably
offer the greatest potential of educational techg@s to date in that they place the most

power and versatility in students’ hands, whileelMss network connections open vast
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new vistas for communication and collaboration”3p6). Students in laptop schools
have greater access to a variety of information tigpical students (Warschauer, 2007).
In his multi-site case study of 10 laptop schoonlMiaine and California, Warschauer

(2007) found that 1:1 computing initiated changemstruction by facilitating:

(1) more just-in-time learning;

(2) more autonomous, individualized learning;
(3) a greater ease of conducting research;

(4) more empirical investigation; and

(5) more opportunities for in-depth learning. (p18)

Laptops as instructional tools provide teachetsstndents flexibility in the way
they teach and learn. For example, laptops aralplestcan be used anywhere in the
classroom or at home, and can be opened and inedepldnto a lesson in a moment’s
notice (Windschitl & Sahl, 2002). A teacher pagent in Windschitl and Sahl’'s (2002)
multi-case study of teachers at a 1:1 laptop middieol suggested that laptops extend
the school day for her students because they ofietinue class investigations at home,
using the same resources they had available to #éhechool.

Three themes emerged from the laptop implememtédioWindschitl and Sahl
(2002): (1) teachers beliefs greatly influencedvlag the laptops were used; (2) the
presence of ubiquitous technology did not encouthgenovement toward more
constructivist teaching practices; and (3) expematfor the use of the technology were

initiated by the school, but reinterpreted by #@chers through collaborative moments
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with students, colleagues, and experiences ouwthaid. Interestingly, Windschitl and
Sahl’s (2002) second theme is in contrast to tieedliure. Research on laptop initiatives
says teachers tend to teach in more student-cemeckconstructivist ways when using
laptops in the classroom (Dunleavy et al., 2007#tl¥eit & Weller, 2005). In a
synthesis of the research on laptop implementatt@miel (2006) suggested teachers’
beliefs about the value of integrating technologg as benefits for the students,
professional development support, and technicgt@u@s being crucial to how much
teachers used the laptops and to the overall ssiodds1 laptop initiatives. Garthwait
and Weller (2005) also found that teachers’ belifsut teaching and learning greatly
influence the success of 1:1 laptop initiativethieir multi-case study of two seventh-
grade teachers in Maine.

Russell, Bebell, and Higgins (2004) observed foartd fifth grade classes at one
elementary school to see if classes having acoekd taptops daily showed more
significant differences in teaching and learningrtitlasses only having access to 1:1
laptops occasionally through portable, shared [aptots. They found that classroom
observations, teacher interviews, and student garak indicated that technology was
used significantly longer and more often in thenpenent 1:1 laptop classrooms than in
the classrooms that used the portable laptop $artlent motivation and engagement was
also observed to be higher in the permanent 1tbpgeglassrooms based on observations,
interviews, and student surveys. The structureraadagement of the classes differed as
well. The permanent laptop classrooms completedstliall writing activities using the

laptops and more time was spent writing in thoasstboms as compared to the portable
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laptop cart classrooms. Collaborative groups andestt-led instruction was more often
observed in the permanent 1:1 laptop classroomsteals whole group and teacher-led
instruction still dominated in the portable laptgot classrooms. Finally, students in the
permanent 1:1 laptop classrooms used technololggraé for academic purposes more
often than students in the laptop cart classrodtusgell et al., 2004). These findings
suggest that although occasional access to teamdlzes benefit the students,
significant gains are demonstrated through consistiaily use of technology.

Dunleavy et al. (2007) conducted a case studwannhiddle schools
implementing 1:1 computing programs. They fourat teachers and students in the two
schools used the laptops most frequently for om@search and productivity tools, such
as components of the Microsoft Office suite. Secdinel use of laptops for drill and
practice for instruction, remediation, reinforcememd assessment of concepts was
observed in both schools. Dunleavy et al. (200dhébthe drill and practice exercises to

be meaningful in the classrooms they observed Isecthey offered an

(1) increased ability to formatively assess;

(2) increased ability to individualize instructiand pacing;
(3) increased ability to provide timely feedback;

(4) increase in student interaction and collaborgtand

(5) increase in student engagement. (p. 446)

The third most frequent use of the laptops by teexand students in Dunleavy et al.’s

(2007) study was to access online environments$) asadVeb 2.0 tools that encouraged
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communication and collaboration, including the ataudio and video to share
information. Overall, Dunleavy et al. (2007) foutn@ use of the laptops at the two
middle schools created learning environments tleewnore “learner-, assessment-,
community-, and knowledge-centered” (p. 444), ahgrwith Bransford, Brown, and
Cocking’s (2000) four essential design principlégftective learning environments,
because the laptops allowed the teacher to (1)dtwely assess learning, (2)
individualize instruction, (3) allow for self-guidgacing, (4) access online resources, (5)
encourage student interaction and collaboratiod,(8pbetter manage materials.

Challenges of 1:1 laptop initiatives for teachersrad students.Despite their
benefits, 1:1 laptop initiatives also bring potahthallenges for teachers and students.
Challenges of hardware issues, the complexityamieg tasks, and distractions from
added stimuli created classroom management issuélsef teacher participants in the
Dunleavy et al. (2007) study. Dunleavy et al. (208180 found that some teachers at the
two middle schools interacted with the students {elsen using the laptops, suggesting
that the teachers viewed the laptops as replacemsnictors. Weston and Bain (2010)
also argue that 1:1 laptop initiatives can be wseckplacements for teachers and existing
instructional materials, such as worksheets, wittlmoughtful consideration for how the
technology should be integrated.
Other 1:1 Initiatives

As technology becomes more available to teachetstments, 1:1 initiatives are
not limited to traditional laptops. One alternatteehe traditional laptop is a smaller

personal computer, like a Netbook. Unlike the poasly promoted AlphaSmarts that
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focus mainly on word processing, Netbooks funcsonilarly to more sophisticated
laptops at a more cost-effective price for sch@8thrum & Levin, 2009; Warschauer,
2011). In addition to laptops and Netbooks, sonm®als are implementing 1:1 initiatives
with handheld devices, including personal digitgistants (PDAs), gaming devices, and
student response systems (van‘t Hooft, 2006; Warsst) 2006). Norris and Soloway
(2004) suggest that handheld devices, such as RDé&murage interactive 1:1 learning at
a low cost for schools in what they call their “daeld-centric classroom.” Warschauer

(2006) highlights handheld devices as allowing shisl to

o brainstorm ideas with graphic organizers,

. copy web pages for viewing outside of class,

. draw and manipulate scientific models,

. share their work with other students and the teaitireugh beaming, and
o word process and edit their writing with the assise of portable

keyboards (p. 26)

Although handheld devices are more cost effectiaa faptops, their presence
has not been sustainable in K-12 schools (Warsch20@6). For example, in one of the
largest 1:1handheld device initiative in the Uniftdtes, a school district in California
distributed 1000 Palm Pilots and portable keybotodsdl first year students in two
middle schools for the 2003-04 and 2004-05 scheals. Twenty-two teachers
participated in the program covering all subjeeiaa; however, one of the schools
determined that the handheld devices were tocadistg to teachers and students and

terminated the program after the first year. Atsbeond school, teachers were asked if
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they wanted to continue with the program afterfitst year and only 3 teachers
volunteered to keep the handheld devices (Warsch20@6). Warschauer (2006)
suggests that handheld devices may not be suctesstihools because they do not offer
as many features and do not support as many sefydions as laptops do. In fact,
handheld devices, such as Palm Pilots, have na defl with general consumers either,
due to cell phones, digital music players, likedA@uches, and tablets, like iPads,
offering greater options for users (Warschauerg20& my opinion, it will be
interesting to see future research on current pogandheld devices such as iPod
Touches and iPads in the classroom and how thesfiberstruction and students’ needs.
Student response systems are popular when paitednteractive Whiteboards
to display student responses (Schrum & Levin, 2009)personal experience with
student response systems has led me to believéhthaéncourage participation because
they allow students to respond to a question orlagliestion, sometimes anonymously,
through the device first, formulating their thougibefore sharing them orally. Some
student response systems include software thattarsrstudent responses for assessment
purposes (Schrum & Levin, 2009). Currently, sompytar student response systems
include Promethean’s Activ Votes and Activ Expreasicompatible with the

Promethean Activ Boardftp://www.prometheanworld.coip/Smart Technologies’

various Smart Response interactive response systemgatible with the Smartboard

(http://smarttech.com/Yis and elnstruction’s various CPS student respggstems

(http://www.einstruction.con)/ The research on response systems in elemerttaogls

settings is limited; therefore, more research neéed® done to determine the benefits of
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handheld devices and student response systemsmermary student learning. In this
study several teachers have response systemsldravalinteractive White Boards, so
having some prior knowledge about the researcihesetdevices is important.
Technology in the Content Areas

The TPCK framework (Mishra & Koehler, 2006) repmatseteacher knowledge of
technology, pedagogy, and content as having ovarigpelationships. The framework
suggests that teachers must consider each of dineas when planning for technology
integration. Because knowledge of pedagogy andceovpiays a significant role in the
way a teacher integrates technology, it is imparamexamine how technology is being
used in various content areas and whether pedajatiiferences in those content areas
affects the use of technology. O’Brien (2008) swggiéhat technology integration within
content areas could still be referred to as jusb#ection of tools” (p. 132). He reminds
us that, “having access to the tools and learnow to use them are critical, but so is the
context in which you learn about them and how yauasked to apply them” (O’Brien,
2008, p.132). Goldenberg (2000) agrees that thetaahnology is used within the
content area is more important than the technaloglitself. He presents six principles
teachers should consider to effectively integratdmhology. Goldenberg’s (2000)
principles are described in more detail in the Tetbgy and Mathematics section of this
chapter. The following sections address literategarding the use of technology in
Language Arts, Mathematics, Music, Science, andab8¢tudies. These content areas
were chosen to align with the content areas taliglite teachers in this study. For each

content area, technology is broadly defined as cdengased or digital hardware and
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software, such as, but not limited to, Internebteses and Web 2.0 technologies,
computers, gaming, interactive whiteboards, respegstems, cameras, audio and video
players, and handheld devices.
Technology and Language Arts

The National Council of Teachers of English (NCT&jognizes how current
digital technologies have changed the face ofditgr NCTE (2008) posits that 21

century readers and writers need to be able tbeléotlowing:

(1) develop proficiency with a variety of technojagols,

(2) build relationships with others to pose ande@roblems collaboratively and
cross-culturally,

(3) design and share information with global comiies to meet a variety of
purposes,

(4) manage, analyze and synthesize multiple, sanatius streams of
information,

(5) create, critique, analyze, and evaluate muéidia texts, and

(6) attend to ethical responsibilities requirediyse complex environments.

Suhr, Hernandez, Grimes, and Warschauer (2010) teetdenefits of acquiring these
skills when they suggest that new technologiescoentribute to improving literacy
instruction:

New digital technologies, if used wisely, are bedie to have the potential to

expose students to a wide range of academic laegpagvide scaffolding so that
students can comprehend challenging and interetitg; engage students in
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text-based simulations that spark their interestsraotivate their learning; and

provide a wide range of tools for analyzing tekiginstorming their ideas,

organizing their thoughts, writing, peer editingdgublishing their work. (p. 7)
Throughout history, elements of literacy have alsvbgen tied to communication
technology, thus linking literacy instruction amatnology (Karchmer, 2001). Hansen
(2008) posits that “researchers and practitionax® lthanged the questionsbiould
technology be integrated in early literacy instimectto howcan early literacy instruction
be enhanced with technology in the best interddteg@inning readers and writers” (p.
109).

Hansen (2008) attributes increased comprehenstmabulary, fluency, and
achievement with the integration of technologyhis study of three second grade inner
city public school teachers who participated ier@nhology professional development
program, Hansen (2008) noted that the teachers oftest used technology in literacy
instruction when presenting whole group mini-less@uch as setting the purpose for
what they were going to read. The students, howevest often used technology during
the application stage of literacy instruction. Ham$2008) describes applying as when
“... students are actively involved in utilizing knteglge gained through literacy mini-
lessons to extend comprehension, provide for réflecand increase the value of the
reading experience” (p. 114). Hansen (2008) citedmples of the applying stage as
students using PowerPoint, the Internet, Micro®édrd, digital cameras, iMovie,
KidSpiration, electronic books, listening centensd miscellaneous computer software.

Hansen (2008) suggests that the three second wrackeers did not change the literacy
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curriculum in order to use the technology, buteastused the technology to enhance
their literacy instruction.

Karchmer (2001) argues that the Internet has atatige definition of literacy
and has given students access to electronic text€dntain features not typically found
in traditional print-based texts, such as hypedjrdgraphics, audio, and video. Electronic
texts are interactive and malleable, whereas fased texts are fixed. Electronic texts
also provide opportunities for students to expegeresources beyond the primary text
through features not found in print-based textshsas hyperlinks. A limitation of print-
based texts is that students are confined to wghatitten on the page, usually in a linear
manner, whereas electronic texts remove those laoigsdand allow for multiple
methods of text navigation (Karchmer, 2001). Howeitas important to remember that
the features unique to electronic texts may onlpdeficial to literacy instruction if
explicitly taught. For example, a student interagtivith an electronic text may read it as
he is accustomed to reading a print-based texowitbxploring the additional features
(Karchmer, 2001). In a study of thirteen K-12 tears chosen for their exemplary use of
the Internet in the literacy classroom, Karchm@&0@® found that elementary teachers
needed more time to assess the appropriatendss t&xt when using electronic texts,
unlike using print-based texts that claim a patéiceeading level. The elementary
teachers in the study also cited the amount texdsl within the electronic text as
contributing to whether or not they chose the texise with their students. One teacher
highlighted textual aids, such as hyperlinks, audia graphics as being engaging to her

students who would not typically read an entir@pbased text.
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Electronic books (e-bookshott only simulate the experience of reading or
listening to a book, but often provide additionatdding supports, comprehension
supports, interactive elements, or entertainingufes” (Zucker, Moody, & McKenna,
2009, p. 48). Zucker et al. (2009) define electtdooks as:

a form of electronic text that contains key feasupétraditional print books, such

as a central topic or theme and pages that “tumm, e-books may also contain

digital enhancements that make the reading experignalitatively different, and

perhaps more supportive. (p. 49)

E-books are different from electronic text becailnssy contain purposefully placed
digital enhancements that aid in telling the stomgjntaining a closed environment
unlike texts designed for the Internet (ZuckerlgtZz®09). Andries van Dam coined the
term electronic book in 1967, referring to hypettex a mainframe computer; however
research on electronic books began only in the 18®8PBs when computers became more
affordable (Zucker et al., 2009). Today, e-bookdude animated, interactive versions of
popular children’s books, such as those on theratenal Digital Children’s Library

(http://en.childrenslibrary.ory/ and educational software liRdninking Reader

(http://www.tomsnyder.com/products/product.asp?skdiF HI) designed to provide

teachers with specific e-books that target compreioa strategies (Zucker et al., 2009).
Most e-books contain supportive elements thatradecoding, pronunciation,
fluency, and comprehension of the text (Rhodes &)i2007; Zucker et al., 2009).
Because these supports are built into the texikeuir traditional print-based texts, e-
books nicely align with the Universal Design fordreing’s (UDL) three principles: 1)

To support recognition learning, provide multiplethnods of presentation, 2) To support
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strategic learning, provide multiple, flexible metls of expression and apprenticeship,
and 3) To support affective learning, provide nupléj flexible options for engagement
(Rose & Meyer, 2002, p. 75). UDL is a framework legirning that encourages the use of
curriculum materials that are universally accessiblall students because instructional
supports are built-in to the materials (Rose & Meg602). An early example of a
product that aligns with the UDL frameworkWéggleWorks

(http://teacher.scholastic.com/products/wigglewonki#x.htn), an e-book program

created by a partnership between CAST, the honutbaf, and Scholastic. The e-books
in WiggleWorksare characterized by features that provide adoes$ students, such as
the option to select large text or the read al@adure for students with visual
impairments (Rose & Meyer, 2002). This interactiath the text is what distinguishes e-
books as being effective for all types of read&rgcker et al., 2009). However, Zucker et
al. (2009) caution teachers that built-in supports-books may also provide distractions
for readers. As with any technology tool that isdig the classroom, students should be
taught how to interact with e-books and to makesi@as about what they should click
based on their knowledge of the text.

In addition to pre-existing e-books found eithartbe Internet and in software
programs, teachers and students can also createks-{Putney, Bennett, & Head,
2004). Electronic books can be created simply uslimgosoft PowerPoint, or by
employing websites such as CAST UDL’s BookBuilder

(http://www.cast.org/learningtools/book buildeBookBuilder offers a free template for

teachers and students to create e-books with inusltpports for readers such as read
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aloud, coaches designated to read words, ask qnsstr offer tips, and vocabulary
words linked to a glossary. More empirical researeds to be done evaluating the
effectiveness of the use of e-books with struggteaders (Zucker et al., 2009), but the
idea of creating an instructional material, likeeabhook, that is universally accessible to
all readers (Rose & Meyer, 2002) is promising faegrating technology in literacy
instruction.

Leu, Zawilinski, Castek, Banerjee, Housand, Liwd &iNeil (2007) suggest that
it is important to consider how the Internet haarged literacy and access to information
for students today when they say that, “In thednysof literacy, no other technology for
reading, writing, and communication has been adbpyeso many, in so many different
places, in such a short period of time” (p. 39)dct, today’'s employers often seek
candidates who can read, write, and communicate@internet to solve problems
(Karchmer, 2001; Leu et al., 2007). Atkinson ancag§gerty (2011) also highlight the
Internet as being a powerful resource in literastruction and posit that schools should
provide students experiences that allow them topemetheir skills as Internet learners
who are able to examine the relevancy, accuracyeiability of online resources.
Atkinson and Swaggerty (2011) explored the uséefinternet in fourth grade literacy
instruction by using Web 2.0 tools. Web 2.0 tootsiateractive and allow users to
contribute information rather than just receivinfprmation. In the fourth grade
classroom, Atkinson and Swaggerty (2011) examiheduse of the Web 2.0 publication

tool, Scrapbloghttp://www.scrapblog.cony/an e-scrapbooking site, which they cited as

an alternative to using Microsoft PowerPoint torehaformation through images and
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text. Although obstacles always exist when incoagiag new technologies in the
classroom, Atkinson and Swaggerty (2011) found tthaistudents quickly embraced
Scrapblog as a new way to share information andrbégread, write, and communicate
(Karchmer, 2001; Leu et al., 2007) through it dtaad and at home for individual
purposes beyond the school assignment. They gttiputed the success of the Web 2.0
tool integration on the instructional approach eépto-peer learning networks and
allowing the students to lead the creation of tbefblog, only providing them with
minimal instructions.

Other Web 2.0 tools like blogging encourage coltabon and communication
among students, two skills recommended fdt @ntury learners (Boling, Castek,
Zawilinski, Barton, & Nierlich, 2008; ISTE NETS-8007; Partnership for 21Century
Learning, 2009). Boling et al. (2008) note thatggimg encourages reserved readers and
writers to join the conversation and expand theas. Kid Blog

(http://kidblog.org/home.phds one example of a free, safe site for teachedsstudents

to interact collaboratively through blogging.

Karchmer (2001) suggests the writing processteyactive and malleable in
digital environments. In her study of exemplaryhtealogy using K-12 teachers, seven of
the eight elementary teachers related student ataiivto being able to publish work on
the Internet, in most cases the teacher’s classwmelnsite, suggesting that students
invested more time in their writing when they hagl@al audience (Karchmer, 2001).
One second grade teacher in Karchmer’s (2001) stitelg her students as being more

motivated to write when they were able to type beeahandwritten assignments tended



61

to be laborious. Studies also show that the mesguknt use of laptops in one-to-one
laptop schools is in Language Arts, when studemite \&nd publish work and interact
with electronic texts (Suhr et al., 2010). In adstof eight fourth grade classes in two
one-to-one laptop schools, Suhr et al. (2010) fahatithe most common student uses of
laptops were for writing with word processing praaes and looking up information on
the Internet through search engines to suppont wréing. The teachers in the study
noted higher student engagement in writing andtti@students spent more time
revising their papers resulting in longer papeantivhen papers were handwritten. The
researchers observed that the fourth grade lapaggroom walls were rich with
showcased student work, including brainstormingt filrafts, and final drafts (Suhr et
al., 2010).

In addition to word processing programs, moviemglgoftware has been shown
to motivate student writers. In a grant-funded @ment program integrating Language
Arts and technology for 100 fourth and fifth grasléBedard and Fuhrken (2011) found
that script writing and the filming and editingrobvies encouraged multiple levels of
storyboarding and revision during the writing pree®ecause the students’ “attention
was sustained while they worked toward making ag¢egrlve” (p. 123). During the
movie creation process, students read novels gpination, brainstormed ideas for
transforming the novels to movie scripts, and catgal multiple revisions to their
writing as they began filming. They then particgzhtn the movie editing process,
adding voiceovers, sound effects, and music, asasathanging scenes when necessary.

Bedard and Fuhrken (2011) argue that moviemakitigedehe students to see
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themselves as writers with something importantiares to an audience beyond the
teacher.

Similar to creating a movie script, digital staling allows students to transform
their ideas from paper to a multimedia format. Bigstorytelling combines the art of
telling a story with digital multimedia, such asages, audio, and video (Kieler, 2010;
Robin, 2006). Putney, Bennett, and Head (2004 )eatigat technology makes creating,
revising, and adding graphics to stories more atolesto students.

At its core, digital storytelling allows computesars to become creative

storytellers through the traditional processesetécting a topic, conducting some

research, writing a script, and developing an edeng story. This material is
then combined with various types of multimedia)udang computer-based
graphics, recorded audio, computer-generatedvdp clips, and music so that

it can be played on a computer, uploaded on a vebos burned on a DVD.
(Robin, 2008, p. 222)

The Center for Digital Storytellindhtp://www.storycenter.oryjoffers examples of

digital stories and developed the Seven ElemenBigfal Storytelling which is cited as

a useful place to begin when creating a digitatystBobin, 2006). Previously made
digital stories can be viewed by students or usethd lessons by teachers. Digital
stories also can be created by teachers and ssudesscher-created digital stories can be
used to enhance lessons, such as when introdutopica Student-created digital stories
are interactive ways to teach students to reseatopic, develop text and images that
support the topic, and present the informationgismiltimedia tools. A popular use of
digital storytelling is the telling of personal natives, but digital stories are also often

used to inform or instruct the viewer about a tagito examine historical events (Robin,
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2008). Kieler (2010) posits that digital storytedjifacilitates an emotional connection to
the content as students creatively try to captarauglience. The Educational Uses of

Digital Storytelling websitehttp://digitalstorytelling.coe.uh.eduat the University of

Houston offers examples for teachers and studémligjital stories and resources for
digital storytelling.
Technology and Mathematics

The National Council of Teachers of Mathematic€TW) includes technology
as one of their Six Principles for School Mather®({R000). NCTM supports the idea
that “technology is essential in teaching and le@ymathematics; it influences the
mathematics that is taught and enhances studeatsiihg” (p. 3). NCTM (2000)
believes that technology supports the use &fchtury skills in mathematics, such as
decision making, reflection, reasoning, and probdéeiwing. The Association of
Mathematics Teacher Educators, or AMTE, (2009) bEeeves that students PreK
through college benefit from technology enrichediemments. AMTE (2009) suggests
that “mathematics educators serve their student®hgidering the potential impact of a
variety of forms of 21st Century digital technolegiand planning accordingly” (p. 1).
Although mathematics is traditionally viewed asagpgr and pencil subject that requires
pages of calculations, with maybe the use of auatiar, the current math classroom can
be enhanced by a multitude of available technotbgyallows for “implementing data-
driven curriculum; using virtual manipulatives aaltbwing representation of
mathematical principles; and motivating, skill lalilg, and practice” (Crompton, 2011).

Technology in the math classroom encourages stsidemixplore math problems that
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move beyond paper and pencil to complex, real-wsitlehtions that promote
mathematical transfer (Franz & Hopper, 2007). Tebbyy in the math classroom also
supports English Language Learners:
Early in the second language learning process,jmediia or coordinated sets of
manipulatives, calculators, and other conceptwd ean help students deal with
mathematical patterns, and also represent and coroate their ideas with little
demand for translation. Later, studemisy progress to tasks that require limited
written or oral responses, andtire more advanced stages use their second
language as they manipulaéehnology collaboratively to solve problems. It is
through such technology-basexperiences, by translating among forms of
representation (e.g., fromritten text to symbols to graphs to oral exposi}ithat
students developoth competence in the English of math instrucéind also
competence imathematics(Ganesh & Middleton, 2006, p. 104)
Clements (2002) suggests that “problem solving agempactivities motivate children as
young as kindergartners to make choices and desisaiter their strategies, persist, and
score higher on tests of critical thinking” (p. 167
In 2009, the Association of Mathematics Teachehsdators (AMTE)
Technology Committee created standards alignedtwgHSTE NETS for students
(2007) and teachers (2008), as well as the TPOMKéweork (Mishra & Koehler, 2006) in
response to a desire to investigate how mathenta@chers should integrate technology
(Niess et al., 2009). These standards were based thie following themes: 1) An
overarching conception about the purposes for pmating technology in teaching
mathematics; 2) Knowledge of students’ understaggjithinking, and learning of
mathematics with technology; 3) Knowledge of curiien and curricular materials that

integrate technology in learning and teaching nratitecs; and 4) Knowledge of

instructional strategies and representations feting and learning mathematics with
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technologies (Niess et al., 2009; for a detailedioa of the standards, visit

http://www.amte.net/sites/all/themes/amte/resoukdath TPACKFramework.pdf.

According to Niess et al. (2009), “the Mathemaiiescher TPACK Standards provide a
lens for considering the actions of teachers whezan integrated knowledge of
technology, content, and pedagogy” (p. 10). Bo4{2@lso used the TPCK framework
(Mishra & Koehler, 2006) with 30 inservice elemewteeachers enrolled in a graduate
mathematics education course as they createdusiitg Web 2.0 tools and
mathematical objects to “verify whether technolaggreased their knowledge and
enabled them to assimilate technology into anusiwnal unit adhering to TPACK” (p.
168). Although most of the teachers were able ¢aterinstructional units integrating
technology with math content and pedagogy in mBak (2009) suggests that a
definition of TPCK’s knowledge structures as it glibbe applied in the classroom is still
evolving.

In his article,Thinking (and Talking) about Technology in Math €3lsooms
Goldenberg (2000) shares a set of principles tstassguide mathematics educators in
making decisions about the appropriate use of @olyy tools in relation to mathematics
instruction. Goldenberg (2000) suggests that thetechnology is used is of more
importance than the technology tool itself. He exp that with computers, as well as
with pencils, “it is theproblemsthat are posed, not the technology with which ey
attacked, that make all the difference” (Goldenb2a§0, p. 1). Goldenberg (2000)
presents the following principles as effective waythink about integrating technology

in mathematics instruction:
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1. The Genre Principl&he Genre Principles suggests that teachers need t

consider classroom goals, students’ needs, andiffieeent roles of technology
when choosing appropriate technologies to integidie choice to integrate
should not be about the tool, but, instead, abowut the tool will support goals
and students’ needs.

2. The Purpose Principl@he Purpose Principle suggests that the purpbgeo

lesson should be considered when deciding if tdogyshould be used. For
example, if the purpose of the lesson is to explaties, then calculator use for
long division would not hinder student outcomeswduwer, if the purpose of the
lesson is to master long division, then calculase would not be appropriate.

3. The Answer vs. Analysis Principlds an extension of the previous principle,

the Answer vs. Analysis Principle suggests thabilteome of solving the
problem should be considered when using technolegyexample, if the
purpose of the computation is to find an answegleulator may be appropriate.
However, if the teacher desires a student to be talbéxplain the process of
finding the answer to a problem, the use of a ¢aloumay distract from the

steps in the process.

4. The Who Does the Thinking Principlehe Who Does the Thinking Principle
suggests that teachers need to consider how thedlegy is going to be used
when solving a problem. For example, will the teabgy replace the student’s
thought process or will it encourage and devel@pstiudent’s ability to think

about the problem independently?
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5. The Change Content Carefully Principlde Change Content Carefully

Principle recognizes that content sometimes chawges technology is used
based on what the technology can do. Teacherstoamdefully consider content
being taught based on the students’ needs ratheittie technology tool being
used.

6. The Fluent Tool Use PrinciplEinally, the Fluent Tool Use Principle

encourages teachers and students to master ademotegies, ultimately being
able to transfer knowledge of use from one techmoto another. In this
approach, students understand the purpose ofc¢hadkgy as related to the

mathematical operation and can translate thantdasi technologies.

Although presented specifically for mathematicdrungtion, Goldenberg’s (2000) six
principles offer insight into effective practicesrass content areas. However, empirical
research examining teachers who plan for technalesgywith these principles in mind is
still needed to determine their effectiveness irdigpg teachers to make decisions about
the appropriate use of technology in mathematiasd-in other content areas as well.
Bos (2009) examined six commonly used methodsaifrtology integration in
math classrooms, including their strengths and wesées and their role in guiding
mathematical thinking in the classroom. She suggésit the most commonly used
methods of technology integration in the math ¢la@® include: game formats,
informational formats, quiz formats, activity matgh virtual manipulatives, static tools
that generate calculations, tables, or graphsjraacactive math objects format. She

found that among the six methods of technologygiratton represented the interactive
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math object format, which uses multiple represémmatthat are interactive and change
with the given input, was the only method of instron that promoted high cognitive
fidelity. In addition, Bos (2009) defines cognitifidelity as “whether a concept is
understood when an object is acted on. Because afteon preformed on it, does it
make sense and add depth of understanding and mgéarschema to the concept?” (p.
111). To achieve high fidelity, the interactive mabject can be described by the
following characteristics: multiple representati@mne accurate, representations are easy
to manipulate, representations are intuitive rathan contrived, transitions occur in a
logical, sense-making sequence, multiple repreentaare possible, and inquiry,
problem posing and testability are possible forjectures (Bos, 2009).

Based on the literature, the gaming format is@upgr method of technology
integration in math (Bos, 2009; Main & O’Rourke 14(). Empirical research in
mathematics shows two gaming trends: 1) the gedigital game that promotes recall
(Bos, 2009), and 2) the more sophisticated videnggéMain & O’Rouke, 2011). Ganesh
and Middleton (2006) suggest that the interactamg features of math computer
programs can motivate English Language Learneunseédheir second language.
Lindstrom, Gulz, Haake, and Sjoden (2011) statertteny researchers in math
education argue that digital games for educatipogboses are problematic because they
do not encourage reflection time for the studeft¢nopenalizing the student for taking
time to stop and think. However, when a math gasrdesigned to promote collaboration
and discussion among students, it has the potéate@aihance a students’ understanding

of the mathematical concept (Ke, 2008; Lindstroralgt2011). The enhancement of
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mathematical understanding must be accompaniediidagce in working in
collaborative groups because students may notaiptknow how to do this effectively
(Ke, 2008). In a study of a math game used with firade students, Ke (2008) found
that, when given the opportunity to collaboratadsnts tended to only share answers,
rather than understandings of how to reach the ang¢e (2008) reminds us that all
math computer games should not be considered agddtheinstructional effectiveness
of a computer game depends on its characterigtatfhaw it is used” (p. 430).

James Gee (2007) and Marc Prensky (2001a) encousagecritically study
what it is about video games that intrigues andageg our children. However, many
teachers fear gaming in the classroom as an evemdtyato replace the instructor (Gee,
2007). Main and O’Rourke (2011) recognized the gngvinterest in gaming in students
in their area schools and examined the use of l@ddfaming consoles to encourage
mathematical calculations and self-concept towaathematics in fourth and fifth grade
students. They found that the intervention matlugnasing theéNintendo DShandheld
gaming consoles with the softwdeainTrainingmade significant gains in speed and
accuracy of basic math facts and self-concept tdwaath. They attributed these gains to
the student engagement they observed when studsgdshe handheld game consoles,
as well as the support the classroom teacher hatidaise of the handheld game
consoles.

In addition to the popular use of gaming in mathgrsamath teachers often use
websites and software specifically designed tohteaath concepts. For example,

websites such as the National Library of Virtualifaulatives (NLVM)
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(http://nlvm.usu.edy/developed at Utah State University offer teacla@s students

interactive math manipulatives similar to the waodad plastic manipulatives used in
classrooms. Because they are virtual, the manigakbn the NLVM site can be used at
home, as well as at school to support math concBgisearch in mathematics and
technology indicates that the use of manipulatthes the students can touch and the use
of manipulatives on a computer offered similar bgséo the students (Clements, 2002).

In fact, computer manipulatives offer advantagesttalents and teachers, such as:

e Flexibility in their use- Virtual or computer manilatives are often malleable
and can take on different representations. For pl@m base ten block can
be broken into 10 ones on the computer, but mayeatble to change in its
concrete form. Computer manipulatives can alscebzed or cut.

e Long-term projects- Computer manipulatives candwed and revisited
without having to be cleaned up, as their conareteterparts have to be.

e Recording actions- The manipulation of computer imalations can easily be
recorded through a screencast offering a uniqueitgt or reviewing option
for the student and the teacher.

e Concrete and symbolic connections- Computer maaimals offer students
the opportunity to explicitly connect the actualmpalative to its symbolic
representation, such as showing base ten blodksdito numerals.

(Clements, 2002, p.168)
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Some math programs have been developed with thefitseaf technology in

mind. For exampleBuilding Blocks(http://www.ubbuildingblocks.org/a National

Science Federation-funded project, focuses on resdrmsed technology-enhanced math
materials for Pre-K through'®grade (Clements & Sarama, 2007). Bhelding Blocks
program integrates three types of media: computeasjpulatives (and everyday
objects), and print (Clements, 2002; Clements &B8e, 2007). The basic approach of
Building Blockss “finding the mathematics in and building thetheamatics from
children’s activity” (Clements, 2002; p. 138; Clem®& Sarama, 2007, p. 168). The
materials are designed to build off of childrervelgday experiences, encouraging them
to see math in routine activities, such as playwitg blocks or completing a puzzle
(Clements, 2002; Clements & Sarama, 2081jlding Blockds based on learning
trajectories for each math topic and activities metudents through a developmental
progression of several levels and tasks (Clemeria&ma, 2007). In their study of two
preschool programs serving low-income families,n@ats and Sarama (2007) reported
learning gains in the experimental groups ungdding Blockssimilar to the effect of
individual tutoring. Relatively large learning gaiwere reported in the areas of
subitizing, sequencing, shape identification, aohgosition of shapes (Clements &
Sarama, 2007).

Popular examples of other computer programs degifpranathematics learning

areThe Geometer’'s Sketchpéudtp://www.keycurriculum.com/products/sketchpand

TinkerPlots(http://www.keycurriculum.com/products/tinkerplhtsThe Geometer’s

Sketchpaddesigned for students in elementary through bajtool, is dynamic geometry
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software that allows learners to manipulate, arkcéind drag, geometric shapes in order
to formulate theories and draw conclusions (Ham&@®04). Instead of providing
practical scenarios, likBuilding Blocks The Geometer's Sketchpeehjuires teachers to
determine what they want the student outcomes;tbdogever,The Geometer’s

Sketchpagbroduct sitelfttp://www.keycurriculum.com/products/sketchpaaes claim

that the software supports the Common Core StasdArdadvantage to usifthe
Geometer’s Sketchpasl that the students are able to focus on corariggihey draw
from manipulating the computer geometric shapdserahan on creating the
manipulations with pencil and paper (Obara & Ji&f)9).

TinkerPlotswas created through tAenkerPlots Projectunded by the National
Science Foundation (Scientific Reasoning Reseastitute, 2012)TinkerPlotsis useful
in both math and science as students collect, aeaaand represent data (Scientific
Reasoning Research Institute, 2012). Designedddests in grades 4-FjnkerPlots
allows students to analyze data by constructingnaanipulating graphical
representations of datéinkerPlotsprovides students the ability to construct grajphs t
represent their data rather than just select thndld, 2002; MacKinnon, Lynch-
Davis, & Driskell, 2009; Scientific Reasoning Res#alnstitute, 2012). Th&inkerPlots

product websitehttp://www.keycurriculum.com/products/tinkerplptdaims that its drag

and drop interface makes it easy for studentsaimland is engaging for them to use as
they explore data, probability, and graphs. Kor{@l@D2) suggests that “because with

TinkerPlots graphs are built up (or deconstructedtages, students are less likely to get
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disoriented by ‘imposed’ abstraction. They can wiookn the bottom up, building on the
foundation of what they already understand” (p. 9).

Teachers are not limited to using hardware omso# created for math
instruction. Many math teachers are also integgatinovative hardware like the iPod,

digital cameras, and Web 2.0 tools such as YouTuatbe://www.youtube.con)/into

math for viewing, analyzing, and creating digitadeos that support the understanding of
complex math operations (Niess & Walker, 2010).
Technology and Music

The National Association for Music Education (MENsDIllaborated with the
Partnership for ZLCentury Skills (2009) to provide educators witassroom examples
of 21* century skills in the arts curriculum. MENC (20E@}ively supports the
Partnership for ZLCentury Skills (2009) in their promotion of whhey call the four Cs
(critical thinking and problem solving, communiaatj collaboration, and creativity and
innovation) and their integration with the artseaifically music education. The
Technology Institute for Music Education’s (TI:Mmjssion is to assist music educators
in using technology to improve teaching and leagnmmusic. TI:ME hosts a yearly

conference on technology in music education and Website bttp://www.ti-me.org)

offers music teachers resources and articles apadific technology tools integrated
into the music curriculum.

Digital technology has changed the way peoplegperf compose, share, and
purchase music (Gall & Breeze, 2008; Savage, 200W.Internet allows immediate

access to music of all genres and styles and gimeposers access to sophisticated
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musical tools that were previously only found ino®ling studios (Savage, 2007).
However, changes in the music world do not alwdigmavith changes in the music
classroom, which continues to remain technolograabdinservative (Savage, 2007). In
fact, it is still uncommon to see music classrodofly equipped with computers or other
digital technologies (Gall & Breeze, 2008). Howewane of the case study teachers in
this study is a general music teacher in a K-5 scho
Savage (2007) suggests that a paradigm shift witiusic education needs to
occur for music teachers to recognize the benefitstegrating technology in the music
curriculum:
Teachers too need to broaden their understandingnatf constitutes musical
compositional and performance activity in the lighthe changing practices that
ICT is bringing to music in its various genres. Yhell need to recognize that
using ICT in music education has the potentiataotform the nature of the
subject itself as well as how it could be taugpt.74)
In his study of 18 music education schools, Sayag@é7) found that interviews of

teacher participants revealed some of the berdfitsing music technology, including

the following:

(1) Motivation for boys to be involved in music,

(2) Students exhibiting increased pride, enthusjasrd motivation about their
work in music class,

(3) Teachers changing the music curriculum to mik®re stimulating and

relevant,
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(4) An increased ease at which students approaelcbdology compared to
traditional instruments,
(5) New approaches to music composition, and

(6) More accurate alignment of the music classraochthe music world.

In addition to the benefits of using music techgglahe teacher participants also cited

potential problems:

(1) Technical difficulties with the music technolgg

(2) A noticeable loss of conventional musical skil some cases,

(3) Students’ decreased confidence in musical padaces,

(4) An increase in computer isolation, and a desgea peer interactions with the
music,

(5) Difficulty in ensuring equal access to limitethnology resources,

(6) Varying student interest in using music tecloggl particularly those
traditionally trained in playing an instrument, and

(7) Students confusing quantity of work with qualiork due to increased

productivity from use of music technology. (Sava2@)7)

Digital technologies first developed for the erdaérinent industry are making
their way into music classrooms. For example, tfevare prograneJay

(http://www.ejay-store.elivas originally aimed at the entertainment markat,is now

being successfully integrated into music classrof@al & Breeze, 2008)Dance eJay

provides the user with a variety of short music gl@sthey can organize to create their
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own longer music. In their study of two music teashworking with students ages 10-
11on the development of composition skills throtlglhuse oDance eJayGall and
Breeze (2008) found that the teachers’ usbarice eJayncouraged collaboration and
creativity among students as they negotiated idadsarranged the music together.
Despite the software program offering the sameetyanf music clips to each pair of
students, the students composed very differenepie€ music when usifigance eJay

Despite the fact that digital technology has chdrite way people perform,
compose, share, and purchase music (Gall & Br&€f}g; Savage, 2007), there
continues to be a gap in the literature examinimg music teachers, especially in
elementary schools, use technology in their musiescooms. Perhaps there still needs to
be a paradigm shift among music teachers and tlgetveg think about technology
(Savage, 2007), or maybe researchers are misstr@nanonovative practices in music
classrooms today.
Technology and Science

The National Science Teachers Association (NSE&pgnizes the need to
address Z1century skills, as defined by the Partnership2fit Century Skills (2009),
within the context of science education. NSTA (20duggests that there is a correlation
between 2% century skills and the goals of science educatizhthat exemplary science
education can foster 2tentury skills including critical thinking, probtesolving, and
information literacy. NSTA (2011) recommends thaesce educators use the
Partnership for ZLCentury Skills framework (2009) in the contexisofence education.

Wofford (2008) argues that, within science, “netellectual fields are emerging that
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include traditional disciplines, but also ignoraubdaries” (p. 29), suggesting that the
field of science is changing and so should scieuteeation. Edelson (2001) suggests
that computers have changed the way scientistsat@hd analyze data in scientific
research and that “an effort to engage studerdstimentic scientific practices should
reflect this trend” (p. 356).

Current best practices in science education inciogleiry-based education
(Higgins & Spitulnik, 2008). Higgins and SpitulnfRO08) describe the inquiry approach
to teaching science as one that “supports studtendentifying problems, designing
experiments, gathering evidence, constructing ns@eld forming arguments. It also
requires students and teachers to think criticatlgut information sources and claims, as
well as to make informed decisions about scientdpics” (p. 512). Bransford et al.
(2000) state that inquiry-based instruction fosteesgrowth of deep foundational
knowledge in a content area and allows studerggpand their own problem-solving
abilities. Gerard, Varma, Corliss, and Linn (20%aygest that

new instructional technologies can support clagsrowmuiry by providing

opportunities for students to experiment with dyrasmulations of scientific

phenomena, engage in scientific modeling, and @patie in scientific
experimentation activities such as collecting datd conducting analyses using

probeware and scientific databases. (p. 409-410)

Gerard et al. (2011) also cite students’ learniaggin science as significantly greater
when using technology tools to enhance inquiryw®issing textbook materials alone.
Guzey and Roehrig (2009) suggest that using teolggah inquiry-based science

classrooms encourages students to think and walstientists:



78

Educational technology tools such as computerdgware, data collection and
analysis software, digital microscopes, hypermedidtimedia, student response
systems, and interactive white boards can helpestsdactively engage in the
acquisition of scientific knowledge and developmeinthe nature of science and

inquiry. (p. 27)

In their study of laptops and science technologystin middle school science
classrooms, Yerrick and Johnson (2009) found thatesits spent more time in the
science classroom outside of class hours workinky the MacBooks, probeware, and
iLife applications. Students in this study alsoaeed having greater access to data with
the collecting probes, digital microscopes, and-waved databases for data such as
seismic activity (Yerrick & Johnson, 2009). In atifol to collecting and analyzing data,
the students also cited technology benefits irr h@ence classes that included being
able to repeat experiments, making concepts atedaboration, time saved, and ease of
use (Yerrick & Johnson, 2009). Science teachergusie laptops and science equipment
saw gains in student achievement from the pretoetbte post-test in all topics throughout
the year, including gains in overall scores from pinevious year, indicating that teaching
science with the technology tools may have impastadent learning (Yerrick &
Johnson, 2009).

Successfully integrating both technology and ingjuito science instruction
requires that teachers have developed sciencentppeglagogical, and technological
knowledge (Higgins & Spitulnik, 2008). Unfortunbtein traditional science
classrooms, content and inquiry skills are oftergkd separately with the content
delivered through lecture and inquiry skills en@med through lab experiments

(Edelson, 2001).
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Computer technologies can also be used in scidassrooms for:

(1) calculation,

(2) simulation, such as how a tornado forms, alhgnstudents to ask questions
and analyze behavior of complex systems,

(3) data collection through audio, images, texic@pannotations, and numerical
data,

(4) imaging to represent ideas through the useadfsers, cameras, and graphic
programs,

(5) writing of scientific observations using wortbpessing,

(6) accessing information, especially on the Inégrn

(7) networking with other students and professi@téntists,

(8) presentations of findings, and

(9) portability in data collection through the wsfdaptops or handheld devices

(Woolsey & Bellamy, 1997).

Roschelle et al., (2000) argue that “computer-baggications using visualization,
modeling, and simulation have been proven to begpmtools for teaching scientific
concepts” (p. 86). They go on to suggest that ‘hetbgy using dynamic diagrams—that
IS, pictures that can move in response to a rahggot —can help students visualize and
understand the forces underlying various phenomgnaB6). The University of

Colorado at Boulder, as one example, offers fresractive simulations for students in
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physics, chemistry, biology, and earth scienceheir PhET website

(http://phet.colorado.edu/

The Internet also provides access to real-timeurees for students gathering
data and information. For example, satellite imggearline allows students real-time
access to changes in weather patterns, allowing tbecollect data and make predictions
just as a meteorologist might do (Mistler-JacksoB8dhger, 2000). The Satellite Services
Division of the National Environmental Satelliteata, and Information Services
(NESDIS) provides real-time access to satellita diat the public and the government

(http://www.ssd.noaa.gojN/ Students can also access satellite imageryghrthe

National Weather Servicéitp://weather.goy/ and the United States Geological Survey

(http://www.usgs.goy/allows students to access maps, aerial photogyaaltellite

images, and other data (Yerrick & Johnson, 2009addition to being dynamic and
current, unlike textbooks, Internet resources qawige authenticity in data collection.
For example, scientists in the field being studiad be contacted and questioned by
students through email or Skype giving the studartisance to ask questions and
grapple with current issues in science (Mistletk3aa & Songer, 2000).

In their case study of the Kids as Global Sciestsght-week atmospheric
science network program, Mistler-Jackson and Sof®§¥)0) found that the use of the
Internet to study general weather topics collalveegt with other students and
professional scientists across North America magdatudents to work on the class
project significantly longer than they had on poad projects not using the Internet for

research and collaboration. Their inquiry-basedgeatallowed for (1) telecollaboration
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in which students worked with other students actibesiation sharing data, (2) study of
authentic questions posed to scientists in thd,feahd (3) sufficient time for
development of understandings due to the inquisetdanature of the project (Mistler-
Jackson & Songer, 2000). One of the benefits oKide as Global Scientists program
was the relevance it provided students to sciemieq, in this case, the topic of weather
(Songer, Lee, & Kam, 2002). The researchers cliessdenefit as being most impactful
to their African-American students who otherwisk digsconnected from the science
material (Songer et al., 2002).
Technology and Social Studies

The National Council for the Social Studies (NC&&Jjresses technology in both
its national curriculum standards and its apprdadieaching social studies. Focusing on
teaching social studies, the NCSS (2006) beligvatstechnology should be woven into
the social studies curriculum and that technoldgyusd be thought of in terms of its
effect on the teaching and learning of social ##sldNCSS offers guidelines for social
studies educators on the effective use of inswoatitechnology modeled after ISTE'’s
National Educational Standards (2008). These guielg| as related to technology,
include 1) technology operations and concepts|a)ning and designing learning
environments and experiences, 3) teaching, learaimdjthe curriculum, 4) assessment
and evaluation, 5) social, ethical, legal, and humsaues (see NCSS, 2006 for more
information on these guidelines). The integratibrechnology in social studies
encourages the use of various instructional methmatamotivate students in a subject

area they typically deem boring (Heafner, 2004).
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Traditionally, social studies educators have de®wwn for taking a familiar
pedagogical approach to instruction in which “thacher talks and the students listen”
(Doolittle & Hicks, 2003). Heafner (2004) summaszesearch on social studies
education as saying students typically associatelsstudies as being boring and
unimportant, qualities, she says, that tend tolrésum the teacher’s instructional
methods. Tally (2007) says a gap exists betweeregalwses of technology in social
studies and how technology is actually being usdtie content area. Journell (2009)
says that social studies instruction is usuallyestiyped as being “dull and lifeless with
no relevance to students’ lives” (p.56), whichfigo depicted in popular movies such as
Ferris Bueller’'s Day Off.If it is true that many teachers use technologm#intain
existing practices (Cuban, 2001; Swan & Hofer, 200&n the traditional social studies
lecture may not look much different with the useewthnology. Doolittle and Hicks
(2003) agree that traditional pedagogical usesdinology will not enhance social
studies instruction:

If integrating technology means nothing more thahaacing the traditional

delivery system of social studies content, wheptolas replace notebooks, where

PowerPoint slides replace handwritten overheadsrevie-textbooks replace hard

copy textbooks, then we will be no closer to theS®3vision of transformative,

powerful social studies instruction. (p.75)

Instead, Doolittle and Hicks (2003) suggest thidgative technology integration in social
studies starts with a shift in pedagogical bela&feoong social studies educators. They
believe that a constructivist approach to instarctwhere the teacher acts more as a

facilitator of knowledge, rather than a giver obkviedge, would provide classroom
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environments conducive to technology integration:

A key implication is that if interactive technolegi are truly going to impact
teaching and learning there needs to be a shstbéral studies education that
requires technology to be used as a resource stinfioit inquiry, perspective
taking, and meaning making, and not as a conduth®transmission of
knowledge. (Doolittle & Hicks, 2003, p. 14)
Technology can encourage a constructivist learamgronment “in which students
construct their own interpretations of history” @deell, 2009, p. 56). However, when
integrating technology, teachers cannot just tlaip&ut technology as a tool; decisions
must be made regarding how to use the tool witménsbcial studies curriculum because
the tool itself does not guarantee learning (Ddeli& Hicks, 2003; Journell, 2009;

O’Brien, 2008; Staley, 2000). To encourage effectechnology integration within the

social studies, Doolittle and Hicks (2003) offetedchers the following strategies:

1. Teachers and students should be prepared tenmepilt technology as a tool for
inquiry.

2. Teachers should use technology to create autitgnivhich facilitates the
process of student inquiry and action.

3. Teachers should use technology to foster lawdigdobal social interaction
such that students attain multiple perspectivepemple, issues, and events.

4. Teachers should facilitate student knowledgesttantion by using technology
to build on students’ prior knowledge and interest.

5. Teachers should enhance the viability of studeatvledge by using

technology to provide timely and meaningful feedbac
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6. Teachers should cultivate students’ academiepaddence by using

technology to foster autonomous, creative, andl@uieial thinking. (p. 14-18)

Staley (2000) believes that “technology in the staem will be truly effective if it can
aid in this process of discovery, active analyaig] historical thinking” (para. 16).

In the beginning of the 2century, the focus of digital technology integoatin
social studies was mainly on the use of Intern&weces, since they provided sources
that moved students beyond classroom textbook®¥aokis (Doolittle & Hicks, 2003),
although there was little research regarding teldyyointegration in social studies
instruction until after 2005 (Hofer & Swan, 200Byiedman and Heafner (2007) agree
that during the first part of the 2Tentury social studies educators advocated fouske
of the Internet in social studies instruction besgail surpassed geographical distance and
political boundaries and allowed students to siiffering perspectives. However, they
found that Internet use in social studies classtended to involve low-level tasks,
despite the students’ comfort level with the tedbgy, which was often a result of
teacher pedagogical beliefs about the use of téogpg¢Friedman & Heafner, 2007).

In addition to being a way to gather informatiameknet use in social studies
classrooms is an effective way to give studentesgto primary sources (Friedman,
2006; Salinas, Bellows, & Liaw, 2011; Staley, 200&jedman (2006) says “digital
primary historical sources allow students to analgacuments of the past and draw their

own conclusions” (p. 315). The National Archivasf://www.archives.goy/and the

Library of Congresshitp://www.loc.govj are just two examples of the many websites

that offer free primary sources including photodpgporiginal documents, and audio files
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that can be used in the classroom. However, deg@ieavailability, Friedman (2006)
found that teaching with digital primary sourcessvgéll viewed as something to do only
if there was enough time because the teacherswtitim he worked felt pressured by the
state standardized tests. One teacher in Friedni2006) study felt like she did not have
enough time to allow students to “surf around” ltmernet looking at primary sources
when important tested facts would not be on then319). Heafner (2004) also found
that in high-stakes testing situations, studermregt is sacrificed for content coverage,
provided most often through lecture and discussi®ocial studies. Salinas et al. (2011)
noted that, in order to use digital primary souticethe classroom and still prepare
students for state tests, teachers need to re@treavays in which technology can
transform pedagogy. They examined pre-service ggathbility to critically evaluate the
use of digital primary sources in their own instroie. They found that “the way teachers
determine the value, usefulness, and trustwortkinéwsvebsites with digitized primary
sources is entwined with how they understand hsbthinking” (p. 197), which
supports the idea that knowledge of content, peghagad technology cannot be isolated
when choosing instructional activities (Mishra & &der, 2006).

The use of primary sources in the social studiasscboms addresses the National
Council for the Social Studies (NCSS) Theme knowifiane, Continuity, and Change.
According to NCSS, “Studying the past makes it gmedor us to understand the human

story across time(http://www.socialstudies.org/standards/strgn@éthin this theme is

the idea of encouraging students to think as aormas might think while examining and

interpreting different historical artifacts and gpgectives (Friedman, 2006). In fact, Swan
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and Hofer (2008) state that “the majority of resbahat examines technology in the
social studies focuses on the impact of technotogkistorical thinking and the
instructional uses of technology in history teaghifp. 308). Salinas et al. (2011)
suggest that in order to engage in historical timgksuch as with the use of digital
primary sources, social studies teachers must liegvio allow for the construction of
knowledge, rather than the traditional view thatdny is already constructed. Hofer and
Swan (2008) used a movie-making tool, in their c&sedowsMovieMaker to lead fifth
graders in creating short, historical, documentéms that they called myth-busters
because they challenged traditional stories thtahaire myths, such as that of Rosa
Parks and the bus boycott. Although Hofer and S{808) observed higher student
engagement resulting in a deeper understandingtirital myths throughout time by
examining primary documents and sharing their hgdithroughiMovieMaker the fifth
grade teacher participant in their study was nawvswed that creating historical
documentaries was the most effective way to reachnstructional goals. Instead of
allowing the students to choose the myth, shdikalther instructional goals would be
better met if they focused on the myth most closdiyned with the period in time they
were studying, which suggests that she may have in@ee comfortable teaching social
studies chronologically, like many social studids@tors (Hofer and Swan, 2008).
Journell (2009) makes the point that technologyins®cial studies can
transform the way students think about historysHggests that “technology has the
capability to develop historical empathy among ehid like no previous educational

resource” (Journell, 2009, p. 57), which, giventiecher’s effective integration of
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technology, could allow students to understand mbthe emotional aspects of history,
rather than just the facts and dates. He citeslatroos, such as those offered by the
British Broadcasting Corporation (BBC) as offerstgdents glimpses at what it might
have been like living during a certain time periigé the Holocaust in Auschwitz.
Gaming through video games and computer gamed isftem thought of as an
educational tool, but can also transport studengbther time and place, encouraging
them to make decisions as someone living duringtiitme might, such as military
commanders making decisions on the battlefield @8liu& Taylor, 2011; Gee, 2007,
Journell, 2009).

With state testing focusing on mathematics, regding science at the
elementary level, social studies tends to be tisé Subject cut from the daily schedule.
Field trips can be a way elementary teachers ghstery with their students.

Field trips can provide students the opportunitgdastruct knowledge actively

through interacting with historic places, expeatsd artifacts. When integrated

into the curriculum and not used as rewards, tiefs can be among the most
valuable and effective modes of history teachispeeially local historic sites.

(Stoddard, 2009, p. 412)

While taking field trips might be the ideal wayancourage historical thinking, a lack of
funds often prevents classes from taking fieldstdpring the school year (Nespor, 2000;
Tuthill & Klemm, 2002). To counteract this dilemmartual field trips (VFTSs) offer
students the ability to access historical sitesrasdurces without leaving the school.
Tuthill and Klemm (2002) suggest that “new techigods can help overcome geographic

isolation, support an investigative study of logdics, and promote global
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understanding” (p. 455). Resources on the Intexneburage an “anytime, anywhere”
approach to learning that connects students wétbgsl and people around the world
(Tuthill & Klemm, 2002).

Virtual field trips can be achieved in differenays using various technologies.
Many VFTs already exist through reputable locatismsh as George Washington’s

Mount Vernon Estateh(tp://www.mountvernon.oryor the White House

(http://lwww.whitehouse.goy/ Some websites offer webcams that allow students

observe what is happening 24/7, such as the SagoZieo

(http://lwww.sandiegozoo.org/livecams/Public museums, such as The United States

Holocaust Memorial Museum in Washington, O@tf://www.ushmm.org/offer

invaluable online exhibits including artifacts arideos for classes that cannot visit the
museum in person (Journell, 2009). VFTs can alscréated by teachers. Websites such

as TrackStarhttp://trackstar.4teachers.org/trackstarovide a place for teachers to

organize multiple hyperlinks leading students tigtpa VFT. Currently, teachers are also

creating VFTs using Google Earthttp://www.google.com/earth/index.htimMany

VFTs are already created online and supported tyalitours, webcams, audio clips,
and images, and teachers can customize their oWis UBing the same instructional
media. However, Tuthill and Klemm (2002) warn uatthmany of the shortcomings of
actual field trips have their electronic field tapunterpart” (p. 458). Therefore, it is
important for teachers to keep instructional gaalsiind when choosing VFTs because
many pre-made trips address multiple concepts.egeackls, and interests (Stoddard,

2009). In my personal experience, VFTs work bestmtie teacher creates a Trip Guide
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for the students to follow that specifically statestructional goals and encourages
higher-level thinking, while still allowing the stants choice as they navigate the VFT.
Civic Ideals and Practices is another one of theN€SS Themes for the social
studies curriculum. According to NCSSoptial studies programs should include
experiences that provide for the study of the slgadinciples, and practices of

citizenship in a democratic republidittp://www.socialstudies.org/standards/strants

elementary grades, students are introduced tddrad of Civic Ideals and Practices
through activities such as helping to set classrades and expectations, participating in
mock elections, and determining how to balancentels of individuals and the group.
VanFossen and Berson (2008) suggest that, wheessidg this theme, elementary
students also need “instruction on the applicadioskills for critical analysis and ethical
decision making as citizens in a digital world” §23). Berson and VanFossen (2008)
view the use of digital technology in the socialdsés classroom as a chance to teach
students about being a participatory citizen:
In fact, social studies teachers have a critida to play in establishing a strong
foundation of skills for interaction in digital spes that primes children as
citizens who optimize the iterative functions of Web for self-expression and
participatory forms of citizenship. (p. 219)
O’Brien (2008) says educators need to be carefulanthink of digital citizenship as
being the same as citizenship in the face-to-famedw
If the online environment is not considered as wutiglly different from the

offline one, social studies educators run the eisépplying preconceived notions
not only of citizenship, citizenship education gidem of expression, and
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commercial and public space to the online enviramrtéus, limiting its potential
and young people’s preparation for it. (p.126)

Berson and VanFlossen (2008) affirm that all fétsites have promoted teaching students
how to safely interact in online environments, y&$ instruction is not typically aligned

to content curriculum standards. Researchers sutigagscybersafety, digital citizenship,
and the promotion of democratic engagement thraundihe sources have a place in

social studies education (Berson, Berson, Desélg,BaFenaughty, 2008; Berson &
VanFlossen, 2008; Doolittle & Hicks, 2003; O’Briez)08). O’Brien (2008) proposes a
virtual laboratory of democracy to teach studeotsd digital citizens. This virtual
laboratory of democracy would be open to K-12 stislen an education site that would
“serve as a democratic commons where young peoiglet mngage in discussion of
school or local, national, or global concerns” (@&8, 2008, p. 143). iCivics

(http://www.icivics.org), a vision of Justice Sandra Day O’Connor, is giesd similarly

to O’Brien’s (2008) virtual laboratory of democradyhe goal of iCivics is to teach
students civics and to encourage them to be infdymetive citizens. This is done

through virtual simulations and games that allowdents to take on the role of the
President, make voting decisions during politicghates, better the community, and have
control of the federal government’s budget. iCivatso offers teachers resources for

teaching civicsHttp://www.icivics.org/teacheysThe Internet also provides classrooms

access to current events as they happen, as we#lastes of politicians, allowing
students to be connected to all that is happeminiga world at a moment’s notice

(Journell, 2009).
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Utilizing Technology in the Content Areas

Harris and Hofer (2011) suggest that “successfthhology integration is rooted
primarily in curriculum content and content-relatedrning processes, and secondarily in
savvy use of educational technologies” (p. 211anRing for the use of technology in the
content areas previously mentioned should incotpdemcher knowledge of technology,
pedagogy, and content (Mishra & Koehler, 2006)haltgh there are many innovative
ways technology can be integrated into the cumieylTally (2007) reminds those who
advocate for technology within content areas toamiver to take a critical look at the
way in which it is used. He cautions against useapnology with restrictions, rather
than fostering creativity, like when a product sasha PowerPoint presentation is
assigned with a list of formatting and organizagilodirections. The decisions teachers
make for the purposeful integration of technologyhie content areas can determine its
instructional effectiveness, and because of thespwist also examine how teachers make
those decisions through lesson planning.

Technology and Diverse Learners

The use of technology is often promoted to meeht#exs of diverse learners
(Bray, Brown, & Green, 2004; Watson & Watson, 201ahich is important to address
here because the students in the classrooms bevdtudying are diverse in many ways.
Bransford et al. (2000) suggest that “many techgie®function as scaffolds and tools to
help students solve problems” (p. 213). Watson\iatson (2011) cite “interactive
content, giving immediate feedback, diagnosingatideeds, providing effective

remediation, assessing learning, and storing exesrgdl student work (e.g., portfolios)”
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as critical elements in technology-enhanced, leareatered instruction for diverse
learners (p. 39). Bray et al. (2004) suggest tteatiihology can be quite effective in
reducing or removing restrictions that hinder teef@grmance of normal human
activities” (p. 9). The use of technology can atballenge students beyond what
traditional curriculum and instruction offers (Shassy, 2007; VanTassel-Baska &
Stambaugh, 2006). Given this, it is important wognize the ways in which teachers use
technology to meet the various needs of their k@trrherefore, in this section,
Universal Design for Learning (UDL) is discussedadsamework for integrating
technology to meet diverse learning needs. Theth, tve demographics of the study’s
schools in mind, the following areas will be revedhfrom the research on technology
and diverse learners: (1) socioeconomic statugfandigital divide, (2) English
language learners, and (3) exceptional learneegifsgally students with learning
disabilities and gifted students.

Universal Design for Learning (UDL)

Universal design is a term common to designersadyrcts, buildings, and
environments (Rose & Gravel, 2010). Architectsgieduildings that are universally
accessible to all users. For example, today’s mgklinclude elevators, ramps,
automatic doors, and other features that elimibateers for the needs of diverse people
(Rose & Gravel, 2010). A door that opens autombgicaay eliminate a barrier for
someone in a wheelchair, a mother pushing a strolteeven someone carrying too many
items to open the door. In this case, the autondaiie is universally designed for various

users of the building.
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Similar to the idea of universal design, Unive®akign for Learning (UDL) “is
the process by which we attempt to ensure thatens for learning, and their results,
are equally accessible to all students” (Rose &€&lt2010, p. 2). UDL is based on three

principles:

(1) providing multiple means of representation;
(2) providing multiple means of action and expressand
(3) providing multiple means of engagement. (Ma0)3; Rose & Gravel, 2010;

Rose & Meyer, 2002)

The principles of UDL address:

three critical features of any teaching and leaynvironment: the means by
which information is presented to the learner,tteans by which the learner is
required to express what they know, and the megmghich students are engaged
in learning. (Rose & Gravel, 2010, p. 3)
UDL is a framework for learning that encouragesube of curriculum materials that are
universally accessible to all students becauseuictsbnal supports are built-in to the

materials (Rose & Meyer, 2002). The National CentelJniversal Design for Learning

(http://www.udlcenter.org/offers more information on UDL, including videasticles,

and examples of UDL in the classroom. Offering iplétmeans of representation, action
and expression, and engagement aligns with Shu{a886) suggestion that teachers
should have a toolbox of multiple representatioaselol on their knowledge of the

content and how to best teach it.
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One way to provide instruction that is universabgcessible to students is through
the integration of technology (Male, 2003; Rose &ydr, 2002). Technology offers
supports that may aid or challenge diverse leari@nsexample, electronic books (e-
books) contain supportive elements that aid in dexgy pronunciation, fluency, and
comprehension of the text (Rhodes & Milby, 2007¢ker, Moody, & McKenna, 2009).
Because these supports are built into the texikeim traditional print-based texts, e-
books nicely align with UDL. When planning for texiogy integration, teachers should
consider how the supportive elements that are@&rbailt in to the technology tool can
enhance instruction and support the diverse legm@eds of their students. UDL should
also be considered a way of thinking about planningt as an architect may place a
ramp or elevator in his initial building blueprinesteacher should think of multiple
representations of material and instructional sugspaithin the initial stages of planning,
rather than as a modification or afterthought s glanning process.

Socioeconomic Status and the Digital Divide

Students of low socioeconomic status (SES) caeflidrom the use of
technology in the classroom. However, researcltatds that students and teachers in
low-income areas often use computers for repetdntevities such as skill development
and test preparation, whereas students and teaoh@gh-income areas use computers
more often for inquiry-based activities and to patenhigher-order thinking skills
(Becker, 2000; Cummins, 2008; Mouza, 2011). Stuslenhigh-income families are also

cited as having greater access to technology aehban their peers from low-income
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families (Becker, 2000; Cummins, 2008; Mouza, 2008)s disparity of access is called
the digital divide (Becker, 2000; Hess & Leal, 189%chrum and Levin (2009) define
the digital divide:

The digital divide, much like the achievement ga&veals inequities in access to

technology between rural, urban, and suburban sshlaoge and small schools;

and affluent and poor schools. Unequal accesstmtdogy is usually present in
homes and neighborhoods that are poor, rural, #ad arban compared to

homes and neighborhoods that are more affluentiknrrban. (p. 79)

However, the way we define the digital divide igobing. As access to technology at
school and at home becomes ubiquitous, the qual@gcess continues to be divided
(Crawford, 2011; Hertz, 2011). For example, manylsdand teens have access to the
Internet through Smartphones and regularly use gigines to check email and visit
websites. Due to a lack of competition in the madfdnternet providers, home wireless
coverage is often more expensive, especially ial mneas, than cell phone data
packages. Despite being connected, those who ongsa the Internet through a cell
phone may struggle with tasks that are increasibgboming digital, such as job
applications (Crawford, 2011; Hertz, 2011).

Becker (2000) reminds us that schools are a pléeewve can bridge the digital
divide when he says that “schools play a criticéé in ensuring equal opportunity for
less-advantaged children by providing access tala vange of enriching experiences,
including exposure to computer technology” (p. 46)an increased awareness of the
digital divide, many schools have allotted instioigal funds or sought grants to purchase

digital technologies (Gibbs et al., 2009). Howewascess to technology resources does
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not completely remove first- and second-order bgsrior teachers (Ertmer et al., 1999;
Gibbs et al., 2009). Bridging the digital dividejugres more than just placing computers
in classrooms (Becker, 2000; Gibbs et al., 2008)b&et al. (2009) suggest that bridging
the digital divide entails

providing all students with reasonable accessdiontelogy, providing teachers

with the professional development they need to ssctiee resources, and

providing an infrastructure within the school tsapports not only the technology

itself but also the incorporation of the technolagyhe curriculum. (p. 17)
In his study of 10 third and fifth grade classrodm&ouisiana, Page (2002) found that
technology-enriched classrooms contribute to rgiie self-esteem levels of low SES
elementary students. In addition to enhanced sé#feen, Page (2002) stated that the low
SES students in technology-enriched classroomgsisttdy scored significantly higher
in mathematics achievement than the students indheechnology enriched
classrooms. Mouza (2011) suggests that the negeetpare economically disadvantaged
students with the technological skills for partatijn in the global world is crucial to
their success.
English Language Learners

There are also advantages for English languagedesa(ELLS) when integrating
technology in the classroom (Lee, 2006), whiclelsvant because a large proportion of
the learners in the teachers’ classes that | adyistg are English learners. Beckett et al.
(2007) summarized the literature on ELLs and tetdgyintegration:

According to research on English language learmatesgration of technology
into instruction can augment positive self-concegptemote English and native
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language proficiency, enhance motivation, stimutetsitive attitudes toward
learning, improve academic achievement, and fdstgrer level thinking skills.

(p. 26)
ELL technology use in cooperative groups also mlesiopportunities for collaboration
among students (Beckett et al., 2007; Lee, 20063kttt et al. (2007) suggest that the
integration of technology to support ELLs is beste when aligned with TESOL
standards for intentional language teaching. Anmmgpta of current WIDA (World Class

Instructional Design and Assessment) standardglfas used by many teachers can be

found on the organization's websitgtp://www.wida.us/standards/
One example of an online program designed spadifitor ELLs in math is the
HELP with English Language Proficiency Program (HBWath or HELP) (Freeman,

2012). HELP Mathlttp://www.helpprogram.net/publicfargets ELLs in grades 3

through 10. According to Freeman (2012), “languaé vocabulary and the
development of prerequisite knowledge and skiksfandamental cornerstones of the

program” (p. 53). HELP Math applies UDL principleg

1) presenting concepts in multiple ways,

2) delivering content with both audio and video,

3) providing customizable learning activities walpports that can be turned on
or off,

4) offering explanations for terms, and

5) providing interactive modeling and guided preeti(Freeman, 2012)
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HELP Math offers teachers and students

1) over 300 hours of interactive standards-aligmath content,

2) a digital media library with virtual manipulaés,

3) diagnostic assessments,

4) a customizable learning environment based ostidents’ needs, and

5) continuous feedback and monitoring of studeagpess. (Freeman, 2012, p.

53)

In her study of secondary ELLs using HELP Math shaltered math class, Freeman
(2012) examined the effect of the online progransients’ math ability and perceived
math self-efficacy. Freeman (2012) found a sta@dlly significant relationship between
providing a math intervention that was purposefdiygigned with specific embedded
instructional supports and positive student learmintcomes. She suggests that there is a
continued need for personalized digital technole gt target the needs of special
populations (Freeman, 2012).
Exceptional Learners

Digital technologies offer supports to exceptioeakners in the general
education classroom setting (Bray et al., 2004 sellsing & Glaser, 2000; Lewis,
1998). Exceptional learners have varying charastiesiand needs. For the purpose of
this literature review, two categories of excepaildearners will be discussed: students
with learning disabilities and students who aredacaically gifted because students with

such varying skills and abilities are located irtla¢ classrooms in this study. Students
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with learning disabilities constitute 50% of theldren identified as exceptional (Bray et
al., 2004). Students who are classified as havileguaing disability have normal or
above-normal intelligence, and may also be idesttifis gifted. Bray et al. (2004)
describe learning disabilities:
A learning disability negatively impacts a studsrability to use and/or acquire
basic skills in listening, speaking, reading, viagti and/or mathematics. The most
common types of learning disabilities focus on bémnguage and/or reading
skills. (p. 27)

To be identified as having a learning disabilitiopto implementing RTI strategies for

early intervention, most states use the followirigega:

e A severe discrepancy exists between the studenéiactual ability and
academic achievement.

e The student’s difficulties are not the result obtrer known condition that
can create learning problems.

e A need for special education services exists. (Btagl., 2004, p. 28)

Some common learning disabilities are (a) Dysleaipersistent deficit in basic reading
skills and letter recognition; (b) Dysgraphia: ditfities in writing, including the physical
aspects of writing, spelling, and putting thouginsa paper; (c) Dyscalculia: difficulties
in either counting and calculating or understanamagh processes (Bray et al., 2004).
Although there is no known “cure” for learning diddies, instructional supports, such

as technology, offer students ways to achieve amedguccess.
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Gifted and talented students can also be refeored exceptional learners (Bray
et al., 2004). Bray et al. (2004), describe gitiad talented students as “students who
excel in academic settings and therefore requirgugninstructional strategies to address
their “accelerated” needs” (p. 9). Students magdiesidered gifted in terms of cognitive
skill, visual or auditory skills, or physical sl&l(Bray et al., 2004). Generally, these

characteristics distinguish gifted learners fromittipeers:

. The ability to learn at faster rates,
o The ability to find and solve problems more willipgand
. The ability to manipulate abstract ideas and makmections more easily

(VanTassel-Baska & Stambaugh, 2006).

It is important to remember, however, that gifteadents’ characteristics and needs are
not all alike (VanTassel-Baska & Stambaugh, 20@@)lagher (1975) also points out
that many teachers believe giving longer, moreresttee assignments to gifted students
than given to other students in the classroomwayato effectively modify the
curriculum. Instead, to make instruction more megful for a gifted student, the teacher
can modify the content, the process by which theed is taught and/or the thinking
processes expected of the students, and the Igagninronment (Gallagher, 1975;
Maker & Schiever, 2005).

Assistive technologies and compensatory technologiéssistive technology
(AT) includes “both ‘low’ technologies and ‘highéth devices and it incorporates

technologies designed specifically for people wiigabilities as well as generic
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technologies developed for use by the general gu@lewis, 1998, p.16). Lewis (1998)
suggests that it is a mistake to think too narrcadgut assistive technology because all
digital technologies have possibilities for suppwrtand enhancing learning for students
with special needs. Assistive technology has tw@nyaurposes: (1) to augment an
individual’'s strengths so that his or her abiliteesinterbalance the effects of any
disabilities, and (2) to provide and alternate mofiperforming a task so that disabilities
are compensated for or bypassed entirely (Lewi88,19. 17). Bray et al. (2004) suggest
that assistive technologies are generally use@lip $tudents access information
necessary to understand a concept, rather thartually teach the concept. Due to the
amount of assistive technologies available for Bjgdearning disabilities and given that
this paper focuses on the general education classrinis paper will focus more on what
Bray et al. (2004) call compensatory technologiaampensatory technologies “help a
student perform a task more effectively and effidiethan they could on their own” (p.
10). An example of a compensatory technology iedwprocessing program. A word
processing program allows students to engage iwtit@g process while freed from
handwriting and letter formation, spelling (if ugiapell check), and recopying work
during the editing process. In this paper, compengaechnologies that are used by all
students in the general education classroom witlibeussed.

Learning disabilities and technology.Students needing support in reading and
writing often find it through the use of technolodyring literacy instruction (Bray et al.,
2004; Jeffs, Behrmann, & Bannan-Ritland, 2006; Ma@3). Jeffs et al. (2006) found

that students struggling with literacy, as idertifthrough Individualized Education
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Plans (IEPs), created longer, more detailed stosesy technologies such as Microsoft

Word, the graphic organizer software Inspiratibtid://www.inspiration.con)/

PowerPoint, and Storybook Weaver Deluxe, a graphged word processing software,
than when they used paper and pencil alone. Anrddga of using word processing
programs with students who struggle with literasyhiat they allow students to edit their
work more easily, reducing the consequences of mgakimistake while writing (Bray et
al., 2004; Hasselbring & Glaser, 2000; Lewis, 199&je, 2003). Electronic texts and
electronic books (e-books) also provide supporieenents for struggling readers
(Karchmer, 2001; Lewis, 199&hodes & Milby, 2007; Zucker et al., 200€-books
often incorporate many of the supportive princimég/niversal Design for Learning
(UDL) that promotes accessible text for all read®sse & Meyer, 2002). The principles
of UDL were discussed earlier. Calculators arelamexample of a compensatory
technology that alleviates struggles with simpliewations, allowing students to focus
on more advanced math concepts (Bray et al., 2004).

Gifted learners and technology.Technology use with gifted students challenges
them beyond what traditional curriculum and instiutal practices offer including
opportunities for abstract thinking, creativity daeritical thinking skills (Shaunessy,
2007; VanTassel-Baska & Stambaugh, 2006). VanT&ssita and Stambaugh (2006)
state that the field of gifted education recogniresfollowing specific learning

conditions for gifted students that can be supgootetechnology integration:

(1) a learner-centered focus,

(2) opportunities to explore complex and real-wgntdblems,
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(3) opportunities to pursue interests and abilities
(4) flexibility in programming and learning optigns
(5) creation of innovative products,

(6) opportunities to work at an appropriate pace,
(7) elimination of previously mastered material,
(8) higher-order thinking skills, and

(9) opportunities for independent study. (p. 291)

Research has cited simulation activities, Inteaudivities, virtual reality programs,
multimedia applications and programs, acceleratianath, and distance learning as
offering challenging opportunities for gifted stutle (Shaunessy, 2007).

The Internet offers real-time access to informatmgifted students who process
information quickly (Shaunessy, 2007), including #bility to consult professionals in
the field they are studying (VanTassel-Baska & $tangh, 2006). When posed with
challenging questions, gifted students can befrefih the ability to travel around the
world virtually (VanTassel-Baska & Stambaugh, 2008nTassel-Baska and
Stambaugh (2006) also cite WebQuests as appropittaties for gifted learners on the
Internet. Developed by Bernie Dodge in 1995, a Wed=Dis “an inquiry-oriented lesson
format in which most or all the information thaateers work with comes from the web”
(Dodge, 2007). More information on WebQuests cafobad on Bernie Dodge’s

Webquest websiten{tp://webquest.org/index.phpAs in any activity accessed from the

Internet, teachers need to consider the level wiptexity of the WebQuest they are
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using with gifted students, as not all WebQuests llave been created are equally
challenging (VanTassel-Baska & Stambaugh, 2006).

Virtual simulations that allow students to expeceman authentic event, including
the implications and consequences of making dewsiathin the event are a tool that
may challenge gifted students (VanTassel-Baskaa&8augh, 2006). One example of a

program that offers virtual simulationsSemCity(http://www.ea.com/simcity-4-deluxe

In SimCity students can take on the role of a particular begrof the community, such
as a building engineer or an historian reviewirggimary document. These simulations
provide students with real-world problems as thegatiate the role of the community
member (Journell, 2009; VanTassel-Baska & Stamha2@p6). Other examples of
virtual simulations and a discussion of its besefithin social studies are discussed in
the Technology and Social Studissction of this literature review.
Teacher Planning

When thinking about the way teachers plan fornebtgy integration, it is
important to consider prior research that examieadher planning in general (without
the inclusion of digital technology). Clark and &sbn’s (1986) definition of teacher
planning guides this section of the literature egi

Teacher planning includes the thought processesghehers engage in prior to

classroom interaction but also includes the thopgbtesses or reflections that

they engage in after classroom interaction that thede their thinking and

projections for future classroom interaction. (p8R
Empirical research on teacher planning increaseld 1970s as researchers became

interested in teachers’ behavior during preaceaelhing, a term used to describe what
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teachers did before and after school, as well @aaglvecess and other times away from
the students (Clark & Peterson, 1986; Yinger, 19B80). The most essential
component of this preactive teaching time is plagnAccording to Yinger (1979, 1980)
and, according to Clark and Peterson (1986), “& wat until 1970 that researchers began
to examine directly the planning processes in ysiedchers and to compare what was
being practiced with what was being prescribed2g8). At the time, what was being
prescribed was mostly modeled after Tyler’'s (195®ar model of planning (Clark &
Peterson, 1986). During this period Shavelson (19d8ited that the most important
teaching skill was decision-making, as he wrote thay teaching act is the result of a
decision, either conscious or unconscious” (p. 144#)recommended that research on
teaching should examine teachers’ decisions (Skanell973). Researchers agreed that
the thoughtful decisions made during teacher plagnimpacted instruction and student
outcomes (Shavelson, 1973; Yinger, 1979, 1980; @ahtO70), but empirical research
only began focusing on teachers’ decision-makingiamning situations (Yinger, 1980)
in the 1970s.

The commonly held belief about teacher planningnduthe mid-twentieth
century was that “specific, thorough planning wille direction to teaching and result in
worthwhile, efficient learning” (Zahorik, 1970, p43). In one of the first empirical
studies of teacher planning, Zahorik (1970) questibthis belief as always being correct
and decided to investigate whether a planned lessgress sensitive to students than a
lesson that was not planned. Zahorik (1970) defseetitivity to the students as being

verbal acts by the teacher that support studeasjdboughts, and actions. In this study
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Zahorik (1970) divided a group of fourth grade teas into two groups: teachers who
planned and teachers who did not plan. Both growgre given the same lesson on credit
cards, a topic not previously taught, but one wuthch most teachers and students had
personal experiences. The teachers who plannedgiene the lesson plan in advance
and encouraged to add to it, while the teachersduthaot plan had to wait until the
lesson began to learn that they were teachingsaresn credit cards. Zahorik (1970)
found that the teachers who did not plan for tissda tended to use more of the students’
experiences and examples to guide the lesson lioae tvho had previously planned for
the lesson. Not planning for the lesson alloweddaehers to feel like they could
encourage more student comments, rather than bagbdr initiated discussions. While
it may seem counter-intuitive, Zahorik (1970) sugjgd that planning did not discourage
sensitivity to students, but that not planning se@no® encourage more sensitivity to
student ideas. Based on these findings, Zahorik@QLBecommended that, in addition to
planning for specific goals and objectives to blei@eed during the lesson, teachers
should also plan for specific student sensitiveavésrs they would like to accomplish
during the lesson, such as recognizing and expgratirstudent comments.

Yinger (1980) summarized the findings of multiptedses of teacher planning in
the 1970s and found that teachers spent the laagesint of their planning time
focusing on the content being taught, with planrtinge focused on instructional
strategies and activities being second (Yinger,19aborik, 1975). A focus on
objectives was given the least amount of plannimg {Kagan & Tippins, 1992; Yinger,

1980). When examining the types of problem-sohand decision-making involved in a
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first/second grade teacher’s planning, Yinger (3980nd that two themes emerged from
the data on teacher planning: planning for instometl activities and the use of teaching
routines. Teaching routines are defined as “esthéll procedures whose main function
is to control and coordinate specific sequencdsebfvior” (Yinger, 1979, p. 165). He
found that instructional activities were the teahmost important and most frequent
planning concern, but that activities were not safgafrom subject matter, making this
case study a little different than the previouslssl summarized by Yinger. The teacher
participant in Yinger's (1980) study also was sewsito students’ backgrounds, as well
as objectives, both of which were neglected bytteesin Yinger's previous review of
the research. Yinger (1980) suggests that thislmeasttributed to the definition of
teacher planning changing over time to includedi@sions teachers make on and off
paper about instruction, rather than just the &etrging lesson plans and implementing
them in the classroom.

Researchers during the 1980’'s found that teachake mecisions about
instructional practices based on the content theyemaching (Shulman, 1986; Stodolsky,
1988). This declaration is also the driving foredimd the current TPCK framework
(Mishra & Koehler, 2006), which currently includesowledge about the technology
teachers are integrating. However, such decisiangwith individual teachers as content
and pedagogical knowledge is not universal antivays changing (Stodolsky, 1988).
Decision-making during planning was found to béuafced by teacher experience
(Ball, Knobloch, & Hoop, 2007; Superfine, 2008) rlexample, novice teachers may

have more difficulty predicting and adjusting tadgnt responses during instruction than



108

expert teachers (John, 2006). Research on tealararipg past the 1980s was sparse
until more recently with the emergence of the TRGnhework. Some examples of
teacher planning for technology integration arewulsed later in this chapter.

Models of Lesson Planning

Although learning how to write lesson plan is gtan teacher education
methods courses, more recent research indicatethéhevay teachers plan is influenced
by content, materials available, the school contastiefs, and experience, despite what
was learned in their teacher education programi éBal., 2007; Kagan & Tippins,
1992; Reid, 2009). Reid (2009) agrees that thet@aghers plan is influenced by more
than just the written format they use: “Regardlgfsthe approach used by teachers to
plan lessons, their intentional and accidentaltaaith, deletions, and personal style
inevitably dictate the final form of the curricultrfp. 419). Various written lesson plan
templates remain a significant part of the learmpnacess in teacher education programs,
even though most of them have not been examinedrieally in classrooms (Kagan &
Tippins, 1992).

Traditionally, the lesson plan templates use@ather education programs and
schools are linear, beginning with objectives aodlg for the lesson (Ball et al., 2007,
Clark & Peterson, 1986; Kagan & Tippins, 1992).sllmear model was first proposed
by Ralph Tyler (1950). The linear model includedrfeteps: (a) specify objectives; (b)
select learning activities; (c) organize learniag\aties; and (d) specify evaluation

procedures (Clark & Peterson, 1986; Tyler, 195@)efs linear model of lesson



109

planning is still currently supported by some teaaducation programs and school
systems (Ball et al., 2007).

Other lesson plan examples include components lef'§y(1950) linear model,
yet veer away from being linear. For example, JpW¢eil, and Calhoun (2004) identify
the inquiry model as a way to “involve studentgaigenuine problem of inquiry by
confronting them with an area of investigation pivd) them identify a conceptual or
methodological problem within that area of inveatign, and inviting them to design
ways of overcoming that problem” (p. 111). Ofteedigh science teaching, this model
encourages students to think as to think likendits or mathematicians (Joyce et al.,
2004). In the inquiry model, components such asdéetification of objectives are
significant to the process of planning, but therfalation of a problem that supports the
curriculum is of equal significance to the procetplanning, as it guides the unit of
study.

Another example of a different model of teachingttincludes Tyler's (1950)
linear components, yet reorders the approach devrrd design (Wiggins &
McTighe,1998). Also known as backward planningclesis begin to plan with
instructional objectives in mind but also with statloutcomes in mind, or beginning
with the end in mind. According to Wiggins and Mgfie (1998) many teachers begin
planning with activities in mind. Backward desidnfts the focus from activities to
instructional goals. Once teachers know what theyla/like their students to know and
accomplish by the end of the unit of study, andvkiow they will assess what students

learn, they then go back and plan the activitias will provide those outcomes. This
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type of planning is designed to ensure that astvidnd methods of assessment are
aligned with instructional goals (Wiggins & McTighE998).

Novice teachers usually leave their undergradpiigrams having learned how
to write at least one type of lesson plan. Howeregearch indicates that the way novice
teachers plan is similar, regardless of the methey learned for writing lesson plans
(Ball et al., 2007; Kagan & Tippins, 1992). In theiudy, Kagan and Tippins (1992)
were interested in learning what lesson plan fosmatre most useful to novice teachers.
Beginning with a general linear lesson plan forrtta¢, researchers allowed the novice
teachers to adjust it to meet their needs, anddhestments that were made varied for
each teacher. They found that the elementary nagaehers mainly used their lesson
plans to organize materials and thoughts, butyaedérred to the plans during
instruction. As time progressed, the novice eleamrteachers’ lesson plans grew less
detailed and often were replaced by plans takeptaddrom teachers’ guides. Further,
they found that most of the planning the noviceleas remained in their heads, rather
than on paper (Kagan & Tippins, 1992). Kagan amppifis (1992) suggest that teacher
education programs not limit pre-service teachergquired linear models of lesson
planning, but instead promote the lesson planamdl@ction of major instructional
procedures, which they suggest would, in turn dedeice teachers from using the lesson
plan in an information-giving format.

In contrast to Zahorik’s (1970) early researcheacher planning, more recent
studies have found that student interests and raeeddluence the decisions teachers

make while planning for instruction (Ball et alQ@). In fact, several factors influence
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the decisions teachers make while planning forucsion:

The curriculum as published is transformed in tlaaping process by additions,
deletions, changes in sequence and emphasis, teaicherpretations, and
misunderstandings. Other functions of teacher phanimclude instructional time
allocated for subject matters and for individuald groups of students, study and
review of the content of instruction by teachergamization of daily, weekly,
and term schedules, meeting administrative accouityarequirements, and
communicating with substitute teachers. (Clark &¥Pson, 1986, p. 267-268)
As research on teacher planning progressed thriheglate 28 century and early 241
century, emphasis on planning within specific sabggeas began to emerge, suggesting
that how teachers plan may be influenced by théetbtaught. Superfine (2008) posits
that there is a need to examine how teachers gthmwheir current curricula, such as
those that have been reformed:
There is even less research that focuses explantlgachers’ planning in the
context of the reform mathematics curricula thawvpde much of the instructional
design for teachers.... The challenges of planniagdes using such curricula
may be somewhat different from the challenges afiping lessons with more
conventional mathematics curricula. (Superfine, @0 11)
In addition to the recent focus of the researckeacsher planning shifting to planning
within a given content area, research about tegahaning for technology integration is
growing, as indicated by searches for recent jdwaneles. For example, a search for
teacher planning in the ERIC database of peeraadefull text articles returned 113
matches, with 8 of the first 40 articles addresgl@nning for technology integration,

despite not including technology in the search kays. However, as access to

technology has increased in schools, questionsestilain about how it is being
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integrated into the curriculum (Jonassen, Howl&malkra, & Crismond, 2008; Kemker et
al., 2007; Lim & Chai, 2008), which might explalmetgrowing number of research
articles addressing planning for technology integra
Teacher Planning for Technology Integration

As more is learned about how teachers make ingtnattdecisions during
planning, new questions arise about the additiansifuctional technology. Gaps in the
literature still remain regarding how teachers gtarthe integration of technology
(Tubin & Edri, 2004). Angers and Machtmes (2005 grst that “teacher planning is a
key underlying context factor in determining théezm to which technology gets used”
(p. 787), making teacher planning an important &odaze examined as it relates to
meaningful use of instructional technology (Jonesl&reland, 2004). Berg, Benz,
Lasley Il, & Raisch (1998) suggested that there avased to identify exemplary uses of
technology in the classroom, and how teachersiplathose uses. Yelland (2005)
suggested that one of the main problems with tdolgyaise is that it is still considered
an “add-on” to instructional planning instead ofiategral part of the planning process.
Kemker et al. (2007) agreed that planning is sigaift to the way technology is used in
the classroom when they stated that, “simply priogidiccess to computers and the
Internet does not guarantee that students wilthiseomputers for meaningful
instructional tasks” (p. 306-307).

Sandholtz and Reilly (2004) found that teacherdeerto integrate technology
more frequently when the focus of the district'plementation shifted from technical

professional development to professional developmemow the technology aligned
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with the curriculum. Weston and Bain (2010) ardueg ivhen technology is used in
professions other than teaching, the focus is empthfessional act, not on the
technology. For example, when a surgeon uses a pigechnology to perform surgery,
his content knowledge and pedagogical knowledgeednis actions. He does not solely
rely on his knowledge of the technology he is usmgerform the surgery. Weston and
Bain (2010) suggest that administrators and teagh#&rtoo much focus on the
technology, rather than on how the technology psefdly fits within teaching and
learning the content of the curriculum, leadindaited attempts at effective technology
integration.

Exemplary teachers do not necessarily integratentdogy in meaningful ways
because their beliefs about the value of technoédfgct its use (Pierson, 2001).
However, in her collective case study of three mebbgy using teachers, Pierson (2001)
found that “teachers at the lower levels of eitieehnology or teaching abilities altered
their planning habits when planning for technolagstusion” (p. 420). Pierson (2001)
described one teacher who was not comfortable wgithg technology as reverting to
novice tendencies when planning, such as scripiegndividual lesson, rather than
thinking about long-range goals in instruction las sommonly did before trying to
integrate technology. Lessons from the ACOT stufesidholtz et al., 1997) highlight
adoption and proficiency when integrating technglogcurring on a continuum,
suggesting that teachers who revert to novice taride when planning for technology
integration will, over time, become more comforabhd proficient in their planning.

For example, Jones and Moreland (2004) used d#terga from their case studies of
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teachers in New Zealand to develop ways to movéeihehers from thinking about
technology as a series to tasks to thinking akemitriology through learning goals they
had for their students. They presented the teaehidrsa planning format or template
that modeled this way of thinking about planningey found that over time, the use of
the planning format prompted change in the wayehehers approached technology
integration and that decisions about lessons ustignology were made with learning
goals in mind, rather than the completion of skdksed tasks.

In her collective case study of three elementaaghers using technology with
low-performing students, Edmunds (2008) suggestatthe teachers were effective in
the way they planned for the use of technology beedéhey used a continuous and
balanced approach to technology integration. Edm(20d08) defined continuous as “the
roles and purposes for the technology use are stensiwith their broader instructional
practices” (p. 213). To be balanced, decisions Bbow to use technology were based on
what was being taught and students’ needs. Tecpahothe classroom was used to
both remediate and challenge the students. Thadbmly was also used as both a
teacher tool for instruction and a student toolléarning and creation.

The Influence of Knowledge and Beliefs on Planninfpr Technology Integration

This literature review provided examples of wayacteers integrate technology in
the content areas and use it to address divenseriganeeds, including discussions of
teacher knowledge as represented by the TPCK framnke{Mishra & Koehler, 2006).
The literature review also discussed factors timgiaict teachers’ use of technology,

including how teachers’ knowledge and beliefs iefloed how teachers use technology
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in the classroom. As evidenced in the research diteth teachers’ knowledge of
content, pedagogy, technology, and the way studeats, as well as their beliefs’ about
all of these (content, pedagogy, technology, hawestts learn) influence the decisions
teachers make. Therefore, the conceptual frameguding this study suggests that
teachers’ knowledge and beliefs work together to@mce the decisions teachers make
when planning for technology integration. Figurprdvides an expanded visual image
that represents how the elements of this literatewvew inform the conceptual
framework.

Sections of this literature review discussed teaplening and the literature on
teacher planning for technology integration. Howeséll missing from the literature are
examples of teachers planning for the integraticiechnology that focus on the
decisions teachers make to plan meaningful taskg tschnology. Because teachers’
knowledge and beliefs both play a role in the weachers plan, it is important to
acknowledge how they influence the decisions teaamake while providing examples
of teachers planning within a technology-rich eamment. However, research taking this
perspective is quite limited (Harris & Hofer, 20Hgfer & Swan, 2008). Hence, this
study sought to contribute examples of teachersnohg for technology integration when
first-order barriers are not a concern (Ertmen.etl899), and how their knowledge and
beliefs guided the decisions they made, to thealitee on effective technology

integration in the elementary classroom.
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Summary

This literature review examined research on elemehteacher planning and
technology integration, including 2tentury skills, frameworks for technology
integration, factors influencing technology integra, 1:1 initiatives, technology use in
the content areas, and technology and diversedear@urrent literature in the field of
instructional technology, cited throughout thigfddture review, offers us examples of
technology use in the classroom. However, a gdpdriterature on technology use in
the classroom still exists about how teachers mefutly plan for the use of instructional
technologies. Therefore, the purpose of this stady understand the thought processes
and decisions teachers make to integrate technahbgyheir lessons and how their

pedagogical beliefs about teaching, learning, acbriology affect those processes.
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CHAPTER 1lI

METHODOLOGY

This chapter explains the research design and methiodata collection and
analysis used in this study. First, the multiplsecatudy design is described and justified
as the best approach for answering the researdtigog in this study. Second, the data
collection and analysis procedures used in theystuel described. Third, a discussion of
validity and reliability is provided, and possildthical issues are addressed. Finally, the
limitations of the study are explained.

Research Design

One way to examine how teachers are integratirfgntdogy is to observe the
decisions they make when planning. Case studig=achers planning for instruction
within technology rich classrooms may paint theaye of what it looks like to make
decisions about using technology in the classrdorarder to understand the thought
processes and decisions teachers make to integchiteology into their lessons using the
TPCK framework (Mishra & Koehler, 2006) for teachkeowledge and how their
various beliefs about content, pedagogy, technglaggt how children learn affect those
processes, | conducted a multiple case study eétteachers to provide detailed,

descriptive cases, as well as a cross-case an@Brgiswell, 2007; Yin, 2009).
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Multiple Case Design

Case study research is the study of an issue throng or more cases within a
bounded system (i.e., a setting or a context) (@&#s2007). Schramm (1971) highlights
the essence of a case study by saying, “The esséacease study, the central tendency
among all types of case study, is that it triegltioninate a decision or set of decisions:
why they were taken, how they were implemented,vaitid what result” (p.6). Yin
(2009) also describes cases of “decisions” as ajerrfocus of case studies. Individuals,
organizations, processes, programs, or events etaddoe considered cases (Yin, 2009).
In this study, a multiple case study was conduuatitll each teacher being a case. It is
important for each teacher to be a case becauskethsions a teacher makes are
particular to her classroom’s makeup and settiegjistructional methods, and her
beliefs. This multiple case study also soughtltoriinate any common decisions that the
three focal teachers made when planning for thegnation of technology.

Case study methodology offers a detailed look @#tch teacher as a bounded
case, investigating a contemporary phenomenon,hwhithis study is their planning for
thoughtful technology integration (Stake, 1995; ,Y2009). Using case study research
methods to collect data, | was able to gain a deapeerstanding of each teacher and
their decision making processes of planning fontetogy integration within the TPCK
framework (Mishra & Koehler, 2006), attempting talghemes across the cases in a
cross-case analysis (Creswell, 2007; Yin, 2009addition, case study methods are
particularly useful when asking How? and Why? goest(Yin, 2009), which are the

majority of my research questions for this studycréss-case analysis treats each case
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study in the multiple case study as an separatky shut aggregating aggregates findings
across the studies (Yin, 2009). Descriptive qubta®s the teachers provided insight into
each case (Stake, 1995), along with my own intéapom of these data as related to the
literature and the TPCK framework (Yin, 2009). Yaalls this pattern matching.
Research Questions

The following research questions guided this study:

1. What does meaningful technology integration Iblkd in a technology-rich

elementary classroom?

2. What kinds of decisions does the teacher malanwlanning for technology

integration?

2a. Why were those decisions made when planningeébmology integration?

3. How do teacher beliefs influence planning fdegnation of technology in the

classroom?

4. How does a teacher’s knowledge about technologyagogy, content, and

learners influence her planning of meaningful lessihat integrate technology?

Setting
The current study was conducted in three elemewtasgrooms in a mid-sized

school system in North Carolina. The elementarypsthettings are described below.
Oak Tree Elementary School

Oak Tree Elementary School (pseudonym) is a TiBeeK-5 elementary school
in rural North Carolina. Oak Tree operates on diti@al academic calendar. At the time

of the study, Oak Tree served 269 students. Apprately 59% of the students received
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free or reduced lunch, 2.56% were categorized asl@&mically Gifted, and 11%
received Exceptional Children’s (EC) services. Yanie students were classified as
English Language Learners (ELLS). Oak Tree haseleds campus and all of the
teachers received laptop computers during the 2008 school year. The number of
students per Internet-connected, instructional agerpvas 1.55 and 100% of the
classrooms had Internet access.
Hillendale Elementary School

Hillendale Elementary School (pseudonym) is a Pse{ementary school in
North Carolina. Hillendale operates on a traditiae@ademic calendar. At the time of the
study, 553 students attended Hillendale. Approxatyat3% of the students received free
or reduced lunch, 11% were categorized as Acaddyni{gdted, and 8% received
Exceptional Children’s services. Eighty-nine studemere classified as English
Language Learners (ELLS). Hillendale has a wiretasspus and all of the teachers
received laptop computers during the 2007-2008dcjear. The number of students per
Internet-connected, instructional computer was 2ridl 100% of the classrooms had
Internet access.
Blue Ivy Elementary School

Blue Ivy Elementary School is a Title-I PreK-5 elemary school in North
Carolina. Blue Ivy operates on a year-round acadealendar. At the time of the study,
Blue Ivy served 380 students. Approximately 79%hef students received free or
reduced lunch, 3.93% were categorized as AcadeyiG#ted, and 14.2% received

Exception Children’s (EC) services. One hundretyfetudents were classified as
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English Language Learners (ELLS). Blue Ivy has ieel@ss campus and all of the
teachers received laptop computers during the 2008 school year. The number of
students per Internet-connected, instructional agerpvas 1.62 and 100% of the
classrooms had Internet access.
Participants

The three elementary school teachers in this siefg white females in their late
20s to early 60s with varying years of teachingegignce. Each teacher applied for and
received a $20,000 grant from the school systeputohase technology for the
classroom. | chose the teacher participants aspopeful sample (Creswell, 2007;
Maxwell, 2005) because these teachers had techpaldyclassrooms, therefore
removing the barrier of access that typically camids many studies of technology
integration (Ertmer et al., 1999). Further, remgvihe barrier of access to technology
made these cases rich models for how technologypeantegrated by teachers when
they do have all the resources they need. Thessrolams were transformed through a
grant focusing on technology integration in curticn, making the teachers ideal
candidates for discussing how they plan for tecbgwintegration. These particular grant
recipients were chosen based on their willingnegsatticipate and share their planning
processes.

The teacher participants were recruited throughilef@or to data collection, |
obtained approval from the principal of each schtt@ school system, and, finally, IRB
approval. At the beginning of the initial intervieivexplained to each of the participants

the purpose of the study, their rights as partitipaand the benefits and risks to
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participating in the study. Each participant intgiéchher willingness to participate in the
study by signing my consent form. The grant andoimticipants are discussed in more
detail below.

It is important to note that | had a relationshighwthe school system and the
teacher participants prior to this study. Prioptwsuing my doctoral degree, | taught at
an elementary school in this school system. Whaetlthe three teachers in this study, |
was working for the school system as the Lead TeachElementary Technology. In
this role, | worked with principals to purchaseheclogy for the schools and with
teachers to use technology in instruction. Thegheachers were members of a
technology teacher-leader group that | facilita&though | knew of their interest in
integrating technology, | did not work for the soheystem when they were awarded the
Innovation Grant. My prior relationship with thexther participants is also discussed in
the Ethical Issues section later in this chapter.

Innovation Grant

During the 2008-2009 school year, the school systened all teachers K-12 the
opportunity to apply for one of ten Innovation Gisathat outfitted their room with
$10,000 worth of technology. Then, during the 2@090 and 2010-2011 school years,
five $20,000 grants were awarded to school syséathiers. In the grant application, the
teachers specified the technology they wantedhf@r tooms and the goals that would be
achieved with its use, including an outline forithan of action based on desired

student outcomes. The three teachers participatitigs study were each awarded a
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$20,000 Innovation Grant during the 2009-2010 éther) and 2010-2011 (2 teachers)
school years.
Hope Moore, Oak Tree Elementary School
Hope Moore, 27 years old at the time of the stues in her 3 year teaching

and her § year at Oak Tree Elementary School. She tauljtyrade for 3 %% years and
was in her 2 year of teaching'3grade. Hope is licensed in Elementary Educatich K-
and is currently pursuing her M.Ed. in Instructibhachnology. Prior to being awarded
the school system’s Innovation Grant, Hope had anteml Smartboard with a teacher
laptop loaded with Smart Notebook Software. OaleTEeementary School had a
wireless campus. From the grant, Hope earned tlomviag technology for her
classroom:

e 25 student Netbooks with a charging station

e 10iPads

e 3 digital cameras

e Wireless access point for the Netbooks
In addition to the technology acquired throughltimvation Grant, Hope stores the
school’s iPad cart with 20 iPads, a MacBook Praodppand a syncing station in her
room for teacher checkout. After receiving the gréme school system provided all
teachers at Oak Tree with a document camera.
Ella Rose, Hillendale Elementary School

Ella Rose, 46 years old at the time of the studys in her 2% year teaching and

her 9" year at Hillendale Elementary School. She had rsmpee teaching preschoof' 1
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2" 39 and %' grades and was currently in hét ear teaching®grade. Ella is licensed
in Elementary Education K-6. Prior to being awartte®lschool system’s Innovation
Grant, Ella had a mounted Smartboard with a tedelptop loaded with Smart Notebook
Software and a Smart Wireless Slate. Hillendalenglgary School had a wireless
campus. From the grant Ella earned the followiript@logy for her classroom:

e 30 student Netbooks with a charging cart

e Wireless access point for the Netbooks

e 30 headphone/microphone sets

e 5 external DVD burners

e 5 digital cameras

¢ 5 Flip Video cameras

e 2iPads

e Networked printer
After receiving the grant, the school system predidll the teachers at Hillendale with a
document camera.
Jan Richards, Blue Ivy Elementary School

Jan Richards, 59 years old at the time of theystwes in her 38 year teaching

and her ¥ year at Blue Ivy Elementary School. Jan is liceriseMusic Education K-12,
has a M.Ed. in Curriculum and Instruction, and Aaademically and Intellectually
Gifted (AIG) certification. Jan is also a NatioryaBoard Certified Teacher (NBCT) who
has recently completed her recertification. Priobéing awarded the school system’s

Innovation Grant, Jan had a mounted Smartboardavifacher laptop loaded with Smart
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Notebook Software, a Smart Wireless Slate, a digitmo, and an additional teacher

laptop (MacBook Pro). Blue Ivy Elementary Schodll lsawireless campus. From the

grant, Jan earned the following technology fordiassroom:

e Monitor for the digital piano

e 21 student Netbooks

e 4 digital cameras

e 5 Flip Video cameras

e 4 iPod Touches

e Copier/Scanner

Student Teacher laptop

e Document Camera

After receiving the grant, the school system predidll the teachers in Blue Ivy

Elementary School with a document camera.

Table 4

Participants in the Study

Teacher School Grade/ Age Teaching | Total Years | Years | Years
Subject Degrees/ of atthe | in this
Certifications | Experience | o ..o\ | Grade
Hope Oak Tree | 3%grade | 27 | Elementary 5 5 2
Moore Elementar Education;
y School Instructional
Technology
(M.Ed.- in
progress)
Ella Rose | Hillendalg 5" grade | 46 | Elementary 21 9 3
Elementar Education
y School
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Jan Blue lvy | K-5 Music | 59
Richards | Elementar
y School

Music 35 5 35
Education;
Curriculum
&
Instruction
(M.Ed.);
NBCT; AIG

Table 5

Technology in the Classroom

Teacher

Technology in the Classroom

Hope Moore

Mounted Smartboard
Document camera
25 Netbooks with charging cart
3 digital cameras
10 iPads
Syncing station
Wireless access point
Teacher laptop- Lenovo PC
Wireless campus
20 additional iPads for the school stored i
room
MacBook Pro with iPad cart

Ella Rose

Mounted Smartboard
SmartSlate
Document camera
30 Netbooks with charging cart
30 headphone/microphone sets
5 digital cameras
5 Flip Video cameras
5 external DVD burners
2 iPads
Wireless access point
Networked printer
Teacher laptop- Lenovo PC
Wireless campus

Jan Richards

Mounted Smartboard
SmartSlate
Document camera
Digital piano
Computer monitor for digital piano
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21 Netbooks with charging cart

4 digital cameras

5 Flip Video cameras

4 iPod Touches

Copier/Scanner

Teacher laptop- Lenovo PC

Student teacher laptop- MacBook Pro
Additional teacher laptop- MacBook Pro
Wireless campus

The Pilot Case Study

In the fall of 2010, this study was piloted witheoieacher who was awarded a
$20,000 Innovation Grant from the same school syste the participants in this study
(Beeson, 2011). Emma (pseudonym) was awarded #me @gr purchase technology for
her fifth grade classroom in the 2009-2010 scheakyThe pilot case study was
conducted in a year-round, Title-1, low SES, eletagnschool. Emma was in her fourth
year teaching and had taught at this school fomtnele teaching career. She was not
originally from the area in which the school systems located, but attended college and
student taught in the community, which led to hayisg in the area after graduation.
Emma selected the technology purchased with tha& graney, including:

. Netbooks and headphones with microphones for estedent

° 11 iPod Touches,

. 6 digital cameras
. 6 Flip Video Cameras, and
o 5 flat screen monitors placed strategically arotivedclassroom to which

students could hook their Netbooks for collaboeatise.
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These grant technologies were in addition to theractive whiteboard (Promethean
Activ Board) and supporting tools (Activ Slate, AcYotes, and Activ Expressions)
already in use in her room. Emma also looped froanth grade to fifth grade with her
students for the 2010-2011 academic year, so séw ker students well and they were
already familiar with how to use most of the tedogy during the time of the pilot
study. Initial findings from this case suggesteat timma was in fact planning within the
TPCK framework (Mishra & Koehler, 2006) even thowgfte never articulated her plans
using the TPCK language (see Beeson, 2011).
Research Procedures

The current research was conducted over 14 waeksgdthe fall of 2012.
Observations averaged 1-2 times a week in eachrola®. There were 13-15 total
classes observed for each teacher. A total of 18.Beurs were spent observing in each

classroom.

Table 6

Schedule of Observations

Date Math Science
Hope Moore September 13 X X

September 27 X X

October 5 X

October 16 X X

October 31 X

November 27 X X

November 30 X

December 4 X X

December 7 X X

Date Language Arts Social Studies
Ella Rose September 20 X

October 3 X X




130

October 18

October 25

XX

November 14

November 27

November 28

December 7

December 11

X[ X[ X[ X

XX XX | X[ X | X

Date

K 1

2n d

3I’d

4th

Intervention

Jan
Richards

Sept 20

X

Sept 21

Sept 26

Oct 17

Nov 30

Dec 4

Dec 6

Dec 13

Jan 11

Formal interviews were conducted approximately time for every two observations.

These interview were recorded. Informal interviegsurred often through casual

conversation or questions | asked in passing,ed0 fiotes were made following these

contacts. Lesson plans were viewed and collectedgltormal interviews. Table 7 is a

data-planning matrix (Maxwell, 2005, p. 100) desicrg how my research questions,

data sources, and analysis methods align.
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Data-Planning Matrix
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What do | need to
know?

Why do | need to
know this?

What kind of data will

answer the questions;

What ways might |
Luse to analyze my
data?

What does technology
integration look like in
a technology-rich

elementary classroom?

To share examples of
how teachers plan for
technology integration
and to describe what
this integration looks
like in practice.

Field notes from
classroom
observations; Think-
Aloud Interview
transcripts; Lesson
Plans

Coding (descriptive
and interpretive),
pattern coding

What kinds of decisions
does the teacher make
when planning for

technology integration?
Why were those
decisions made?

5 To describe the
decision making
process that affects
technology integratior
in the classroom.

Ongoing Interview
transcripts; Contact
Summary Sheets;
Think-Aloud
Interview transcripts;
Lesson Plans

Coding (descriptive
and interpretive),
pattern coding

How do teacher beliefs
influence planning for
integration of
technology in the
classroom?

To assess and descri
the influence that
teacher beliefs have
on integrating
technology.

bénitial and Ongoing
Teacher Interview
transcripts; Contact
Summary sheets

Coding (descriptive
and interpretive),
pattern coding

How does a teacher’s
knowledge about
technology, pedagogy,
content, and learners
influence her planning
of meaningful lessons
that integrate
technology?

To understand and
describe the role of
TPCK and knowledge
of learners in the
development of
meaningful lessons
integrating
technology.

Initial and Ongoing
Teacher Interview
transcripts; Contact
Summary sheets;
Planning Think-Aloud
Interview transcripts;
Lesson Plans

Coding (descriptive
and interpretive),
pattern coding

(adapted from Maxwell, 2005, p. 100)

Data Coll

ection

Three types of data were collected during thedbH012. First, a pre-study

interview was conducted prior to the start of alasm observations (see Appendix A).

Throughout the study, interviews were conducted@pmately one time for every two
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observations. Additionally, a think-aloud intervievas conducted with each teacher two
times. Second, classroom observations were comdloctee or twice a week. Finally,
lesson plans were viewed and collected during ezacerviews. This section describes
the data sources and data collection methods unghdsistudy.

Teacher Interviews

According to Yin (2009), the interview is one betmost important data sources
in a case study. Three types of interviews werealgoted in this study.

Initial interview. Prior to the start of the study, an initial inteswi was
conducted with each teacher participant at herachAte purpose of this semi-structured
interview (Shank, 2006) was to learn backgroundrmftion about the participant, to
ask initial questions about the technology in th@m and how the teacher plans, and to
discuss procedures for observations and interv(ses Appendix A for the initial
interview protocol). The initial interview lasteB@ut an hour for each teacher and was
audio-recorded and transcribed for analysis. Aigarsf the initial interview was piloted
with the pilot study teacher participant, Emma (8e€ 2011).

Ongoing interviews. Throughout the study, formal (scheduled) and mfalr
(unscheduled) teacher interviews occurred at l@ast per every two observations.
Formal interviews were scheduled based on the éeachvailability before, during
(planning time), or after school. These semi-stired interviews (Shank, 2006) lasted
about 30 minutes and were audio-recorded and triesicfor analysis. The purpose of
the scheduled interviews was to better understamdthe teachers planned for the

integration of technology, what role technologyygld in their planning, and how they
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decided what technologies were appropriate fotedbgon. An interview protocol (see
Appendix B) was used for the scheduled intervielte interview protocol for the

formal interviews was piloted with the pilot stutiacher participant, Emma (Beeson,
2011). Based on my experiences with that studyesgnestions were added in order to
gain a better understanding of how teachers platetdhnology integration. Informal
interviews occurred frequently in passing betwdentéachers and me and were based on
immediate questions | had about the observatiommmediate thoughts the teachers
wanted to share about the lesson.

Think-aloud interview. For each teacher, two think-aloud interviews wadse
performed. The think-aloud method asks participémthink-aloud as they are
completing a task, such as teacher planning (Ret&<Clark, 1978; Peterson &
Comeaux, 1990; Peterson et al., 1978). Historic#tly think-aloud method has also been
used to study the decision-making process of barst officers, chess players, clinical
psychologists, and physicians (Ericsson & Simo80lEricsson & Simon, 1998;
Peterson et al., 1978).

During an interview at the beginning of data cdil@t and an interview at the end
of data collection, | asked each teacher to plesson aloud. Because the think-aloud
method was new for the teachers, | had each teaohgplete a warm-up activity prior to
planning aloud. Research suggests that a warm+iyptyacsuch as talking through a
simple math problem, helps the participant undacstae process of the think-aloud
without leading the participant to think-aloud iparticular way, such as if they watched

a video or listened to an audio-recording of amgxa think-aloud (Ericsson & Simon,
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1998). For this study, | had the teachers firstw@eshort online video clip of a teacher
teaching. While they viewed the clip, | asked t@chers to think-aloud or verbally
express what they were thinking and seeing duhegtip. Past studies have used the
think-aloud method in this manner to examine tloaigints of expert and novice teachers
as they viewed clips of classroom instruction (Ben, 1986; Sabers, Cushing, &
Berliner, 1991). The warm-up activity allowed tleathers to think-aloud before the
planning activity and to ask me questions aboutthey were being asked to do. |
chose to use the video think-aloud because talidooyt a teacher teaching was authentic
to their roles as teachers, therefore possibly ngattie warm-up comfortable for the
participants.

After the warm-up activity, | asked the teacherplam aloud a lesson that
integrated technology with me present. They wevergno parameters other than
including technology in the lesson. | promptedtiechers as | felt necessary when they
were unsure of what to say next. For example, édske teachers questions such as (a)
Can you tell me more?, (b) What objectives are agdressing?, and (c) How have you
thought about the different learners in your clgsg® Appendix D for the Think Aloud
Protocol).

One limitation of using the think-aloud method tederstand how teachers plan is
that it can be unauthentic to the way the teachennally plan (Peterson et al., 1978).
Teachers often plan over time in smaller chunksh s in the shower or while driving
home from work and they may not be familiar withnpling from start to finish in one

sitting. To make the participants feel more condble, | explained that | knew they were
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not used to planning in this method, but that plagaloud would help me to better
understand the decisions they make while planiimglosing, | asked the teachers to
share their thoughts about the exercise and whegtjtist planned. | used a think-aloud
interview protocol (see Appendix D) to introduce think-aloud activity and to offer
prompts when needed. The think-aloud interviewqaok was piloted with the pilot
study teacher participant, Emma, and revised basd¢bat experience.
Classroom Observations

Classroom observations were conducted at leastanaek with each teacher
(see the observation schedule in Table 6). Thegserpf the observations was to observe
the teachers’ follow through with their planning tbe integration of technology. Each
observation was about one to two hours and | usexbaervation protocol (see Appendix
E) to structure my field notes. The observatiortgeol had two columns that allowed me
to script what was happening in the room duringléisson in one column and to record
my own thoughts and questions about what was hapgpénthe second column. Contact
sheets were also completed after each observagenAppendix C).
Lesson Plans

Lesson plans for scheduled, formal observatione wiewed as an additional
data source. The teachers’ lesson plans provideith@nexample of the ways in which
the teachers were thinking about technology as peyned. In some instances, the
lesson plans were discussed during the intervigheiteachers wanted to highlight
something in the plan for me or if | had any quastiabout the written lesson plans. The

lesson plans were not collected on a regular tesiause the teachers did not always
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write out their plans in a way that could be cdkek In these situations, the lesson plan
may have just been viewed and discussed at thelsehith field notes taken by me.
Summary of Data Collection

Three types of data were collected from inser¢ datnsert date. A pre-study
interview was conducted at the beginning of thelgto gain more information about the
participants and the technology in their rooms. @mg formal and informal teacher
interviews occurred at least once for every twoeobations to better understand how the
teachers planned for the integration of technolegyat role technology played in their
planning, and how they decided what technologie®wappropriate for the lesson. Two
think-aloud interviews were also conducted with tiechers during the study to better
understand how they planned for the integratiotecfinology. Classroom observations
occurred about once a week for 14 weeks to obgbeveeachers’ follow-t hrough of
their planning for technology integration. Finallgsson plans were viewed and
sometimes collected as an additional data soufeerd a glimpse into how the teachers

planned for technology integration.

Table 8

Data Collected

Total # of Total # of Think Aloud | Total # of
Classes Hours in Class| Interviews Interviews
Observed (observations)
Hope Moore 15 18 2 5
Ella Rose 15 13 Y% 2 5
Jan Richards 14 14 2 5
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Data Analysis

This section describes the methods of data amsalyg®d for this study. According
to Stake (1995), “there is no particular moment mvbllata analysis begins. Analysis is a
matter of giving meaning to first impressions a4l &g to final compilations” (p. 71). In
this study, data were analyzed during and aftea daliection in the fall and winter of
2012-2013. All audio-recorded data were transcriibbecnalysis. In a multiple case
study, data can be analyzed both within the cambgidually and across the cases
collectively (Yin, 2009), and | did both with- amdoss-case analyses of my data.

Initial data analysis included multiple readindgshe interview transcripts,
contact summary sheets, observation field notesnpates | took on my review of the
lesson plans. From these readings, | developediawiali codes for data that contributed
to a detailed description of each case. Howevagrted with codes based on my
literature review and experience with my pilot stah one teacher, including the
following: 1) codes addressing TPCK (Mishra & Koahl2006), 2) codes address
beliefs, 3) codes addressing’&entury skills, and 4) codes addressing meaningful
learning and meaningful instructional tasks, buteatladditional codes as they emerged
(see Table 9). Figure 5 (Creswell, 2007, p. 17@)agents a template for initial data
coding for the within-case and cross-case analysimg the computer program, NVivo,
| created codes for each of the categories in Ei§uFor each case, | coded data that
represented the case context and the case destrigigher-level codes were also

developed for patterns in each case (within-caaéysis). For the cross-case analysis,
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codes existed for similarities and differences fbanros cases. Finally, | code
assertions and generalizations made across cdseanélyses and codes are describe

more detail below.

Figure 5

Data Coding for WithinCase and Cross-Case Analyses

In-Depth Description of Cases
|
| | | | |

Case Case Within-Case Cross-Case Assertions
Context Description Theme Analysis Theme Analysis and
[ l I | | | |l | Generalizations
Case #1 Case #2 Case #3 Case #1 Case #2 Case #3 Similarities Differences
Themes Themes  Themes

(Creswell, 2007, p. 172)

Within-Case Analysis

In case study research, analysis includes makdwejailed description of the ca
and its setting (Creswell, 2007) as well what ocediin that setting during the study.
order to create a detailed description of each,ddsst used withi-case aalysis. For
each case, | coded data that represented the @maisxicand ways to describe the c
Then, | developed thembased on the codésat emerged from the data for each ¢
and used these themes to organize the-up for each case. In thdqi study, theme:
emerged from that data that represented thinkiniginvihe TPCK (Mishra & Koehle
2006) framework. For the current study, | usedpit@ study codes as start codes as!
as additional codes derived from the literaturerdfirthe reflection on the pilot stud

(see Table P As | read the interview transcripts, contact swary sheets, and field not
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from observations and lesson plan reviews, | iilytieoded the data using the start codes.
| then re-read the data allowing additional codss, &ventually, patterns of codes that
became themes to emerge. Finally, | used the gigers and themes for each case to

write three descriptive case narratives.

Table 9

Start Codes for Within-Case Analysis

Codes derived from the pilot study Additional codeslerived from the
literature

Evidence of Beliefs about Technology Active Leamn{Jonassen et al., 2008)

Evidence of Planning for Technology Use  Authengatning (Jonassen et al., 2008)

Evidence of Thinking about the Learner Constructigarning (Jonassen et al.,
2008)

Evidence of Thinking about the Content Cooperdtigarning (Jonassen et al.,
2008)

Evidence of Thinking about Pedagogy Intentionalrbe® (Jonassen et al., 2008)

Evidence of Thinking about the Type of | Deep and Connected Knowledge (Ertmer

Technology & Ottenbreit-Leftwich, 2010)

Evidence of TPK Application to Real Situations (&er &

Ottenbreit-Leftwich, 2010)

Evidence of TCK

Evidence of PCK

Evidence of TPCK

Evidence of Classroom Management wit
Technology

=)

Examples from the Classroom

Evidence of Creativity and Innovation

Evidence of Collaboration

Evidence of Communication

Evidence of Critical Thinking Skills
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Cross-Case Analysis

After writing the three descriptive case narratividooked for patterns across the
three cases. Initially, | looked for patterns tiware common to all three cases (see Table
10). I did this by placing case patterns in a Watale. | then re-read the cases noting
patterns that were particular to one or two caseswat another case. For example, |
noted patterns that were common to the two teachdrsgle-1 schools, but not common
to the third teacher. From the analysis of thegpa#t, themes emerged across the cases.
Finally, | made note of any assertions or geneatibns | had about the data from the

within-case and cross-case analyses.

Table 10

Example of Cross-Case Analysis

Case #1 Case #2 Case #3

Beliefs about engagement Beliefs about engagementelief8 about engagement

Beliefs about 21 century | Beliefs about 21 century | Beliefs about 21 century

skills (technical skills) skills skills (technical skills)
Beliefs about building Beliefs about building Beliefs about building
background knowledge withbackground knowledge withbackground knowledge with
technology technology technology

Technological knowledge Technological knowledge  hiedogical knowledge

Summary of Data Analysis

Data was analyzed during and after data colledtighe fall and winter of 2012-
2013. Data analysis included multiple readingsaufheof the data sources, as well as
coding of data that represented case descriptibasgase context, emerging patterns and
themes within cases and across cases, and myi@ssemd generalizations. A

descriptive narrative of each case (within-casdyaisd and a cross-case analysis is
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provided in Chapter IV. Next, | discuss how | essdied the study’s validity and
reliability.
Validity and Reliability

In qualitative research, validation strategies tiestvalidity of a study’s
conclusions and possible threats to those conalagidaxwell, 2005). Validation
strategies increase the credibility of the stuadygaclusions by ruling out possible threats
to validity. Yin (2009) suggests validation stragsg or tests, for judging the quality of
case studies, including construct validity, extéxadidity, and reliability. Each test is
discussed below in regard to this study.
Construct Validity

Construct validity, or “identifying correct operatial measures for the concepts
being studied,” is a challenge in case study reseand is often not established (Yin,
2009, p. 40-41). In this study, construct validitys established through the use of
multiple data sources (different kinds of teaciméenviews, classroom observations, and
lesson plan review), providing multiple measurethefdecisions made when planning
for technology integration. The use of multiplealaburces allowed me to better
corroborate, or triangulate, my findings (Cresw2007; Yin, 2009). A chain of evidence
was maintained from initial research questionsaioctusions, supporting construct
validity (Yin, 2009). Construct validity was alsetablished through the use of member
checking (Creswell, 2007; Maxwell, 2005; Yin, 2008jter the case narratives, or
within-case analyses, were written, the participangére asked to read and provide

feedback about their individual cases to improvaieacy. This is known as member
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checking (Yin, 2009). Finally, extensive time waest with the participants conducting
formal and informal interviews and observing classn instruction.
External Validity

In case study research, external validity refersnalytic generalizations, which
“generalize a particular set of results to someabeo theory” (Yin, 2009, p. 43). In other
words, external validity refers to whether a stedyndings are generalizable beyond the
current study, in terms of theory rather than papahs, as in statistical generalizations.
In this study, external validity is establishedotingh the analysis of multiple cases.
Multiple cases provide for replication or compangMaxwell, 2005; Yin, 2009) and, in
this study, a literal replication (predicting siarilresults) is represented by three cases of
teachers planning for the integration of technolddggwever, the purpose of this multiple
case study was not to generalize the findingsherdeachers, but to present three
descriptive cases of teachers planning for teclgyoliategration and my interpretation of
common patterns and themes found across those dasesly, rich description of each
case allows for transferability because the reaofettsis can determine whether the
findings are transferable to other settings duaraliarity with similar characteristics
(Creswell, 2007).
Reliability

Reliability is achieved when the research proceslofea study can be repeated
with the same results, minimizing the errors arasés of the study (Yin, 2009). To
ensure reliability, interview and observation pouis were used (see Appendices A-E)

consistently with each case. The protocols wem @ilsted during the pilot case study.
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Reliability was also established through the usa péer review to check for possible
inaccuracies or biases, allowing for inter-ratéiatslity (Creswell, 2007).
Ethical Issues

An ethical issue present in this study is the r@eship between the participants
and me. Although | do not work with them now, aedime | interacted with them as the
Lead Teacher for Elementary Technology in the schpgtem where they teach. In this
role, I helped to place some of the older technplbgy have in their rooms, including
the establishment of the wireless campus for twih@fparticipants, and | served as a
coach as they learned to use it. This role didotexte me as their superior so | do not
think it affected their current relationships witte as a researcher. To clarify my
relationship with the participants as a researdrexplained in the initial interview that |
was there to learn from them about the ways teagtian for technology integration, and
in no way was | there to evaluate them.

Researcher Role and Potential Bias

Due to my past relationships with the teacher pigdints when | worked in the
school system, | chose to be a non-participantrebsén their classrooms. | did not want
my presence in the classroom to influence the Wwayparticipants taught. For example, it
was important for me to not have conversations Wiéhparticipants that could have
interfered with their instructional time. | explath to them that in order to prevent
distractions, it was best for me to remain on idelses as an observer throughout the

study.
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It is also important to recognize any potentiakbml bring to the study. One
potential bias that needs to be considered is nowledge of technology integration. |
have experience integrating technology into myfgtade classroom, as well as
experience leading classes and professional dawelioppon technology integration. By
bracketing my experiences with instructional tedbgyp, | sought to set aside those
experiences to take a fresh perspective duringadkaction (Creswell, 2007; Schram,
1971). | also used member checking (Creswell, 20®W#)ake sure that my view of the
data collected was not altered by my prior expeesrwith technology integration.

Summary

This chapter described the research methods oselli$ multiple case study. The
research questions, participants, data collectiongulures, and data analysis procedures
were discussed. A consideration for ethical issubthe trustworthiness of the study

were also discussed. Chapter IV examines andslssuthe findings of the study.
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CHAPTER IV

FINDINGS

This chapter discusses the findings of this stédhgt, three detailed teacher cases
are presented with a discussion of factors thadeniced technology integration during
planning. Then, a cross case analysis of the fgsdirom each teacher, guided by the
study’s research questions, is discussed.

The Case of Hope Moore

A low rumble of voices is heard around the roamsf joud enough to know
instruction is occurring. Ms. Moore bends closea &tudent as she observes him creating
a place value chart in his math journal. Other estiisl at her kidney table are busy
creating their own charts. In another group actieesoom, a student excitedly blurts out
an answer while Ms. Smith, the classroom assistamts to write on the whiteboard
easel. At a group of desks in the middle of therrptwo students sit, heads together,
sharing a Netbook. Sprinkled across the floor, nstwelents sit, recline, and kneel
around center buckets, iPads, markers, and langer plaost in their own thoughts, the
students move fluidly between the iPads and Netbaokl the markers and paper. From
outside looking in, the view is seamless- neweitaigechnology complements the
markers and paper; teachers and students are \gddgether. Neither one person, nor

one resource stands out. Instead, they all fittteage
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Hope Moore (pseudonym), a soft-spoken, yet vibyaohg & grade teacher was
finishing her &' year of teaching at the beginning of the studythvlisweet, calm
demeanor, Hope ran a structured, yet loving classravhere she never seemed to raise
her voice. Hope had high expectations for her sttedand often spent extra time with
concepts she was teaching until her students mebdpectations. Through high
expectations, Hope’s goal was to empower her staderknow that they could achieve:

The main thing that | want to do in my classroormgpire my students. | want

them to know that they are all able to learn ardea@ in life. They don’t have to

be the best reader or the best mathematicianhbuytare great at something and
as long as they have the desire to work hard anidwill be pleased with their
effort.

Hope is licensed in Elementary Education and, eétithe of the study, was
working toward a M.Ed. in Instructional Technolod¢iope taught a two-hour math and
science block to the othef*rade class in the morning and to her homerooss cléter
lunch. The other"8grade teacher taught language arts and sociaésttalboth classes
and Hope often collaborated with her to achieveeshgoals in the classroom. Hired in
the middle of a school year at Oak Tree, a TifedK-5 Elementary School, Hope
guickly became a technology leader in the schoaijng the district’s technology
leadership group by the next fall upon the recondagan of her principal. As a member
of this leadership group, Hope provided profesdideaelopment at the school and
district level on various topics related to tectugyl integration. Hope also developed
strong relationships with her colleagues, oftettatmrating with Oak Tree Elementary’s

Media Specialist on projects and working closelthwier classroom assistant to identify
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student needs. Classroom observations and intesvigdicated that Hope knew her
students well, which was the foundation of herdegslanning.
Hope’s 3% Grade Classroom
Upon entering Hope’s classroom, visitors were imiaietly greeted by two

teacher-created displays that captured Hope’'srvigidner third grade class. The first
display on the classroom door said, “When you ehisrclassroom, you are scientists,
you are mathematicians, you are respected, yoexglerers, you are authors, you are
21 century learners, you are artists, you are imparigou are the reason we are here!”
Around the corner from the door, another inspiraialisplay covered a closet door: “In
our classroom, we are a team, we create, we respeltother, we learn from our
mistakes, we try our best, and we celebrate edwr’stsuccesses.” With only 14
students, Hope's classroom appeared large, leglamgy of room for the students to
spread out. In fact, students were often obsemietily working on iPads spread out all
over the room, at tables, on carpets, and on pslldvarough the Innovation Grant, Hope
received 10 iPads that she consistently used &iig@ning concepts in math. In addition
to her 10 iPads, Hope was in charge of the schd@#d charging/syncing cart that
housed 20 iPads. The cart stayed in her classrabimh meant that her students often
used additional iPads.

Groups of student desks faced a mounted SmartbOardne side of the Smartboard,
Hope had a table for small group instruction, hénpry method of math instruction. A
Netbook charging cart containing 25 Netbooks saherother side of the Smartboard.

Another table for small groups sat in the backhefitoom and was used by Hope’s
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assistant during math. Carpets and pillows decdrateading center full of books,

which was a go-to area for the students when wgr&imcenters, projects, or individual

work. In sum, Hope’s classroom technology receivefibre and from the Innovation

Grant included the following:

Mounted Smartboard

Document camera

25 Netbooks with charging cart

3 digital cameras

10 iPads

Syncing station

Wireless access point

Teacher laptop- Lenovo PC

20 additional iPads for the school stored in room

MacBook Pro with iPad cart

Hope’s Beliefs about Technology in the Elementary l@ssroom

When asked why she applied for the Innovation Gianéceive the above

technology, Hope explained that she wanted heestsdo have access to technology on

a daily basis, which she believed was not happeatitgpme for most of her students.

She included these key points in her plan for dgkeogrant technology:

e Provide students daily access to technologiesihidbe used as a tool for
learning.

e Provide students with background experiences wianaogy.
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e Develop an awareness of learning itself and holedam using technology as
a tool.
e Develop relevant, applicable lessons that use tdogg and current
curriculum.
e Create a learning environment where students cply #peir learning to their
own environment.
Hope believed that technology had the power to gagad motivate her students to
learn, if they were given the opportunity to acaesvery day. She described the role of
technology in her room:
| think it is to get the kids engaged in the leagil don't think the technology
does the teaching for you, it just needs to beatovget them engaged and
motivated to learn and the teacher has to playtaapa gear them in the right
direction for that, but | think they’ve become manmterested in school and
learning when they get to use the technology.
In order to engage the students, Hope believedhleaechnology in her room played a
supporting role to her instruction and she mairdgditechnology for previewing
concepts to build background knowledge or as a odktith check for student
understanding and assess a concept. She saithKlttie technology is a support tool
that helps get them engaged, but you have to tib&ch before they can use that support
tool and allow them to create things.”
In addition to engaging the students, Hope beligtiatithe technology in her
classroom would serve a vehicle for building thekgaound knowledge her students

lacked in math and science as well teach them bayge¢ technology. In the Innovation
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Grant application, Hope wrote that “technology trespower to motivate and engage
students,” but that “academic inequity occurs betwtiose who have and those who
don’t.” At the time of the application, Hope explad that 52% of her class did not have
access to computers or the Internet at home. Soie wiThis Innovation Grant would
allow my students to have access every day to gpatanand the Internet for learning.”
In the Needs section of the grant application, Hdgscribed her students as coming to
school with “no background knowledge and exposar@cademic and technological
things,” which “impacts their success in the acaidesatting.”
Planning in a Technology-Rich Elementary Classroom

Hope participated in Think Aloud interviews with rae October 31, 2012 and
December 7, 2012. During the Think Aloud intervig¥ape verbally expressed
everything she was thinking while planning a lesdoraddition to the Think Aloud
interviews, the way Hope planned her lessons wa=idsed during scheduled interviews
and informal interactions during the study. Hopedel to use the technology in her
room to either preview a concept and provide bamkgad knowledge or to assess student
understanding and create a product. When askedshewlecided to use technology in a
lesson, she explained that it largely depended lvat ®he wanted the end result to be.
She said, “I think you have to think what the eeslult is because there are times where,
if 'm teaching how to draw out a math problem, Ifrat going to have them use the
computers, so it really depends on what you'rehgmcand what you want them to get
out of the lesson.” To determine what she wantecetid result to be, Hope used student

assessment data to inform her planning.
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Considering assessment data and student growth whetanning. Hope
approached the way she planned for math differehtlig how she planned for science,
but in both content areas, the students’ level a$tery guided her planning. Hope used
small group instruction for the math portion of iesching block, having the students
rotate through her table, her assistant’s tablé sawveral center groups every day. Hope
began her math week on Wednesdays because sheelediee could see what the
students were losing being away from school omtbekends if the weekend was in the
middle of the unit of study instead of at the e@d. Wednesdays, the students took a quiz
on the material they learned during the previouskv@&hen, they grabbed an iPad and a
spot around the room to preview the math conceph®upcoming week by watching a
video Hope created. These previewing videos modelsahcept for the students and
asked them to try an activity related to the cohddppe always used Wednesdays as her
assessment and previewing day and math contentawght in small groups beginning
Thursday and ending Tuesday of the next calendek wio plan for this model of
instruction, Hope used Wednesday afternoons toegaad review the students’ quizzes,
recreate math groups, and plan for each group. Bfatlps were always changing
because Hope arranged the students based onetvediof mastery. She explained,

This year I'm really focused on the students masgeihe level before they move

on.... Last year | was more focused on the “ok wejetto keep going keep

going keep going.” Yes, my class was picking upgkils they needed, but a lot
of them weren’t and sometimes it was too late eefau realized you really

don’t have this skill and if we go back now it's&i of pointless at this point in
the year. So this way I'm making sure they get wthay need.
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Hope’s first Think Aloud interview was on a Wednagdo | was able to observe
the students take their respective quizzes andgwesoncepts on the iPads during math.
Then, after school, | observed Hope plan for thd meek of math. To begin the Think
Aloud interview, Hope graded the students’ quizzaging attention to items they missed
in order to guide her planning. Because the mathg are always changing based on
the students’ needs, there were several differgaizgs to grade. Hope used the
assessment data to reorganize the math groups basedere she felt the students
needed to be for the upcoming week. She then pthwhat the students would do when
they visited her table during the math rotationpkltelieved that this approach to
planning and implementing math allowed her to foeader students’ needs. She said, “I
feel like I'm really trying to make sure they getind I'm changing different ways of
teaching - like when | was getting a lot of kidsck on story problems | had to come up
with a new approach.”

Rather than switching concepts every week aslighe math, Hope planned
science through conceptual units, but still useth&dive assessment data to inform her
planning. Near the end of the study, Hope’s stuslemtre studying the states of matter
and she planned an inquiry-based unit that had teaming about the states of matter
through a science experiment. The students wekehbnmto small groups, assigned a
different experiment to learn, and asked to useRhds to video record themselves
performing the experiment. Hope planned to havesheatents watch each video to learn
about the experiment and the concept it was tegcBiy the end of the unit, the students

would have taught each other about the states tiéntarough their video-recorded
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experiments. However, it was immediately eviderntitpe that her students did not
understand their assigned concepts well enoughottehand teach them through the
video. The students could do the experiment, lihdt understanathy they were

getting their results. During an observed lessapdexplained to me that she
recognized the need to go through each experimgmteach group until they understood
the results of the experiment. She proceeded t& imdividually with each group over
the next couple days until they were ready to perfim front of the camera.

Hope admitted that much of her planning and insitoadn both math and science
was based on student pace, which often left hentehe district-issued pacing guide.
However, Hope was willing to fall a little bit betd schedule because she believed that,
by the end of the year, the students would be baltie to more efficiently build upon
their strong foundation in math and science as bayned new concepts, than if she
stuck strictly to the pacing guide. Hope believieat the technology in her room helped
her restructure her lessons and instruction to mheeteeds of her students. To support
this belief, Hope described how she used techndiogylapt her instruction when her
students were having difficulties in reading class.

Last year my [students] had a difficult time foawgsior whole group reading with

[the] literacy process we do [in the district].dailded to use my subscription to

Reading A-Z ittp://www.readinga-z.cojrand | used Smart Recorder (the screen

recorder in Smart Notebook software) and | recottiedoooks [creating video

files that | put] onto the computers... so when meaime for whole group
reading they had to spread around the room anthputheadphones on and they
paid attention to the lesson that was on the coenpltidn’t have any interfering
with kids that just wouldn’t behave because theyewest all doing their work in

a separate location. They were getting the sanoenration and they still had to

answer questions for me about the book. They &A@ document they had to
type their answers in and they had a couple voeapplages they had to
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complete so they're getting everything in thera{tthe district literacy process
requires], but it was just a different format. #ijped them to be calmer during the
time because otherwise they just couldn’t handéehibur-long whole group
literacy block together. So [using the videos] wagay to gear their attention to
reading but in a different way.

Technology supported Hope’s efforts to adapt hstrirction to meet the needs of her
students. In addition to adapting instruction, wpénning, Hope considered the use of
technology to build background knowledge priordadhing a concept because she
believed it made the students more confident alogdvatl her to dig deeper in the content.
Building background knowledge through technologyHope often referred to
the technology in her room as another teacher aagnned with that belief in mind.
As described above, on Wednesdays Hope had heandtudse the iPad to preview the
math concept through a video she created. Sheipgglthat the students enjoyed
viewing the videos because they could replay gartslarification, especially as they
were doing the assigned activity, which built tHeackground knowledge on the concept
prior to visiting her during math rotations. Hogscaused teacher-created videos with
examples to explain the math centers.
| think the technology is my helping hand. It'sy#d a big part with putting the
weekly videos out there. Kids will come to my graamd they will have some of
the experience before | teach it to them becawsgvwd watched the video and
they've done work with it so they know what to egp&hen they come into my
first group for that lesson. Some of the kids wdtehvideo and don’t get to that
step until 3 weeks later, but they at least haeesttposure to it before they come
to me. It's really having another teacher in themo Like center directions- |
have not had to explain to the kids how to makaragpaph. It's all in the video.
So what I'm hoping happens is when we get to thisgsaph unit that comes up,

they will already know how to make one. They maykrow exactly why each
thing is where it needs to be, but that’'s whatr tEach. | can teach the why and
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they can know the how before they come to me aaovthy it all comes together

in the end.
As she explained in her grant application, Hopéelbet her students lacked the
background knowledge in the content areas ancchmtdogy use. Therefore, part of her
planning time was devoted to creating ways to eges students to uses of technology
while exposing them to the concepts she was gaoingach. To do this, however, Hope
also had to consider logistical issues stemmingfiloe use of technology in her lessons.

Considering technology during planning.During scheduled interviews and
informal interactions, Hope explained that sheroftad to consider issues that arose
from integrating technology when planning. She said

[Technology] plays a big part in my planning be@ubave to think of how I

can, instead of just notebooks, paper, and peadapt what | am doing into

technology... Also | have to be flexible because gv&w school year my kids

are not familiar with daily use of the computerd s@ve to reteach everything,

logging in and going to Smart Notebook. | have eédibxible and push back some

other lessons so that | give them more time toa@eplso that later on in the year

when | need them to create, they can create.
For example, at the beginning of the study, thdestts spent three weeks learning about
the solar system by researching an assigned pleneatjng a brochure about the planet
using Microsoft Publisher, and recording an audicsion of the brochure using the video
camera on the iPad. Hope explained that, when plgrarge science units, she had to
consider the way she was going to integrate teciyyol

| have to start by thinking what is the end prodbet | want, and can we get it

there? And when do | have to teach [the conterd]vaimen do | have to teach the
computer skills? When do | let them explore and yusrk? If I'm giving them a
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project | have to specify days when we’re goingd¢oomplish a [particular] goal,
but I really I'm looking at the end goal in thedirproject. So when we’re doing
the solar system | know what my angle is and | nestd to get them there.
Hope also had to consider logistical issues dyplagning. During an informal
interaction one day, Hope shared that technicaks®ften guided the way she planned

centers. Because the Netbooks took a while to bppshe planned centers that involved

their use, like Study Islandhitp://www.studyisland.com/web/indexdr the algebra blog

on the classroom website to occur consecutivethsstudents did not have to shut
down their computers.
Factors Influencing Technology Integration
Two main factors influenced the way Hope planneddohnology integration.

1) Hope’s vision of an end goal and knowledge of whenestudents were on

the path to achieving that goal
2) Hope’s beliefs about the role of technology in feam
Student assessment and reaching that end goal.both Think Aloud interviews,

Hope referred to formative assessments of her stade make decisions about
instruction. When deciding how to integrate teclglin her lessons, Hope considered
how the technology would help her students reacknaingoal. For example, iPads were
used in math to help the students build backgrdunoiviedge on a concept prior to Hope
teaching the concept. Hope believed that whenttieests came to her with background
knowledge, she was able to build upon it and marestudents toward a level of

mastery. In science, technology often became tHegeal, demonstrating the students’
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understanding of the concept and growth over thie This was observed with both the
planet video brochures and the jigsaw video expamnisidescribed earlier.

Beliefs about technologyHope’s beliefs about the role of technology in her
classroom also influenced the way she planned. iBepeved that technology engaged
the students and served as an additional teacliee iclassroom. Because she believed
that technology could engage her students likedditianal teacher, she consistently
planned for its use in math to preview conceptstarekplain math centers. She also
believed that it was important for students to hdaidy access to technology and used
her classroom as a way to lessen the digital dimdst of her students experienced at
home. Guided by this belief, Hope explained thdtemplanning, she tried to find a way
to always integrate technology, even if it is junsbne content area. She said, “l use it
every day, but it's not necessarily for the sangaarSo | might use it one day for math
and one day for reading in the past.... It reallyadefs on what we’re doing.” Hope
believed putting technology in the hands of stuslevds something every teacher should
do.

| think that in an elementary classroom, studehtaikl be utilizing the
technology. There are a lot of basic skills thegacher needs to teach them to
begin with, but once they get used to utilizing tikbehnology and programs
available to them, they can easily explore andhl@aw tricks that help them
complete tasks in a quicker more efficient manhtrink the elementary teacher
needs to foster the students’ needs to explore dhei learning. The teacher
needs to lay the foundation for [the students’iiéag and then guide them from
there on. | think the instruction should be desthteebe kid friendly, interesting,
for your students. It is the job of the teacheigtate the spark in the learning that

will then allow the students to create the large fhat allows their learning to
grow larger and larger every day.
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Summary

Hope Moore believes that technology has a platkdarelementary classroom to
engage students, build background knowledge, sexam additional teacher, and
showcase student learning in final products. Hgpeteacher who plans lessons while
considering ways technology can preview conceptisshiow student understanding.

The Case of Ella Rose

The classroom is quiet except for the monotonous bicomputers and a
projector and the muffled sounds of Ms. Rose helpifiew students. Heads are bowed
over computers and papers capturing tidbits ofrmédion that will later be transformed
into an eye-catching presentation. Quietly, ondestiiasks, “Can you show me how to
do a PowerPoint?” to a student nearby. Withouttagsn, the students begin working
together as one learns to navigate a new toolRdse walks by the table silently
approving the partnership and moves across the toameck on another student. “How
do | add a picture to this slide?,” a student gadtlks at a table in the back of the room.
“Let me show you,” says another student at thestaldthey push their seats together and
get back to work. Later, at the end of class, Mssdrasks the students to share their
feelings about the class on a sticky note befareitg for recess. One sticky note read:

Dear Ms. Rose,

| never knew how to do a PowerPoint, but my daantt Sam

(pseudonym) helped me and got me steady. Now| réadly confident

and would like to know how to do a Prezi and Phtios
Love, Mary (pseudonym)
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Ella Rose (pseudonym), a bright, energetitgade teacher always seemed to
walk with a bounce in her step. Ella loved her stud as if they were her own and
consistently had high expectations for them indlassroom. During the initial interview
she said, “I'm strict and they know | mean businéss they know in their hearts | care
and love them. They already know that and it'ssbeond week of school.” Ella often
joked that she was strict and that her studentsginly disliked her, but that was far from
the truth. The “tough love” approach worked foreEIDuring classroom observations, |
often overhead snippets of personal stories thaests excitedly shared with Ella as they
walked out the door to recess and witnessed the thggstudents often sought from Ella
“‘lust because.” Ella’s students appeared to thnveer highly structured, yet loving
classroom environment.

Ella, 46 years old at the time of the study, walseén2' year teaching. Licensed
in Elementary Education K-6, Ella had experienaehing preschool,*]. 2" 39 and &'
grades and was currently in hét gear teaching®grade. Over her career, Ella
participated in various leadership groups, inclgdime district’s technology leadership
group. At the time of the study, Ella had steppadkidfrom most of her additional
responsibilities to focus on teaching, being a mortwo high school boys, and planning
her upcoming wedding. To Ella, the most importdate she could be was in her
classroom, so when additional responsibilities beggeopardize time spent planning,
Ella decided to reexamine her priorities. At thrediof the study, Ella taught two blocks

of language arts and social studies. Originallg,ldlocks were organized by homeroom
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class, but near the end of the study, Ella andeaeher partnered with her for math and
science used assessment data to reorganize teatstidsed on need.
Ella’s 5" Grade Classroom

From the beginning of the study to the end, Elt#dssroom seemed to transform.
Although colorful, during my first visit to Ella’slassroom in August 2012, | noticed
mostly bare walls. By the time | said goodbye irc@mber 2012, Ella’s walls were
covered floor to (almost) ceiling with teacher- atddent-created anchor charts, a staple
of Ella’s lessons. Ella allowed the students tddthieir own classroom by showcasing
their learning. The functional posters were ofteferenced during instruction and |
observed the students using them when working iddally. The anchor chart associated
with the current lesson was always hanging on thieloard with a magnet, usually
under the Learning Targets of the day. Locatedath the front and back whiteboards,
Ella referred to the day’s Learning Targets, stiadjectives created from the Common
Core Standards, several times throughout her lsssagking them a central piece of the
classroom.

Mounted to the left of the Learning Targets wds’EISmartboard, which hung
over a lime green carpet where the students oftedwsing instruction. On one side of
the Smartboard, Ella had a workstation for herdp@nd document camera and on the
other side she had a charging cart with studerivdddds. In all, Ella’s classroom
technology before and from the Innovation Grantluded:

e Mounted Smartboard

e SmartSlate
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e Document camera
e 30 Netbooks with charging cart
e 30 headphone/microphone sets
e 5 digital cameras
e 5 Flip Video cameras
e 5 external DVD burners
e 2iPads
e Wireless access point
e Networked printer
e Teacher laptop- Lenovo PC
When asked why she applied for the Innovation Gi@néceive this technology Ella
said,
| just saw such a need for it and | wanted to lrayeown classroom set | could
use. | mean that was the top priority because weoha [laptop] cart we were all
fighting over and half of the computers never workgust wanted another piece
of technology in the classroom besides the Smamthoa
Ella’s Beliefs about Technology in the Elementary &ssroom
Ella believed that integrating technology into lessons was a way to engage her
students in the content she was teaching. Wherdasgkat role technology played in her

lessons, she said,

To engage them; hopefully to teach skills in a pggful way, and to connect to
others outside of the classroom because | feekitte are not exposed like you
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and | growing up so they really wouldn’t get to terabout going to a place that

they've ever been. It's hard for them to do thatnake a connection to it.
After most observed lessons, Ella had the studdraee their level of engagement with
her. A chart hung by the door titled “How engagestewou?” On the chart, three
footballs were evenly spaced; the bottom footkeitl ®ut of bounds, the middle football
said 50-yard line, and the top football said towskd. At the end of the lesson, before
the students left for recess, Ella had them answgrestion about the lesson on a sticky
note. Sometimes the questions demonstrated undénstgand sometimes the questions
had the students assess the lesson. For examplémanElla asked the students what
they liked about a project they had just completedNative American tribes. One
student’s sticky note explained that she enjoyedptioject, but that she did not like
having to do a peer-assessment of her group menmfifees filling out their sticky notes,
Ella asked the students to put their names ondbk &nd attach them to the football that
best represented their level of engagement. Afteratass period spent researching

monuments in Washington, DC, some sticky notes said

| am [touchdown] because | like to use the comparel explore.

I’'m at the 50-yard line because | was kinda condusecause | wanted to do a
Prezi, but | did not know how.

Dear Ms. Rose, | never knew how to do a PowerPbuttmy dear friend [student
name] helped me and got me steady. Now, | feelyreahfident and would like
to know how to do a Prezi and PhotoStory.

Ella explained that she used these sticky notegdom her planning because they gave

her insight into areas in which the students wiahestruggling, as well as how engaged
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the students felt they were during the lesson.\vé&seexcited to read the feedback from
the Washington, DC lesson. She said, “The feedbesteived through my tickets out
the door from students is positive! All love chqicesating and sharing amongst their
peers. | love to see their excitement for learriing!

Ella believed that one way to engage her studeritse content she was teaching
was to make the content relevant to the studendsigih the use of technology. Because
of this belief, Ella often devoted some of her piag time to finding video clips to
introduce or clarify a concept. Through experienogse classroom, Ella found that
short video clips related to the concept they vetueying helped her students make
connections between the concept and the real wdidéting content relevant to the
students’ world was important to Ella. In fact, gxplained that every elementary
classroom should be incorporating'2entury skills into instruction in order to
encourage students to be connected and collaber&he said,

In my opinion, a classroom should be practicing4i@s: communication,

collaboration, creativity, and critical thinkingtudents should be producing

content, not just consuming it passively. Thouggthhology isn't synonymous

with the 21st century learning, it is an integrattpof it, and it's often the set of

tools that makes this new approach to teachindearding possible. The

purpose of technology, in my opinion, should bedanect students with their

world and enable them to learn from others andh&oestheir own ideas.
Planning in a Technology-Rich Elementary Classroom

Ella participated in Think Aloud interviews with no@ November 6, 2012 and

December 14, 2012. During the Think Aloud intervig\illa verbally expressed

everything she was thinking while planning a lesdonng her designated planning time.
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In addition to the Think Aloud interviews, the wiila planned her lessons was
discussed during scheduled interviews and infointatactions during the study. Ella
spent much of her free time planning and was kntmnspend evenings and weekends at
school. She also admitted that she spent a latnef teflecting on lessons she taught,
considering ways to reteach or extend the contenhéxt day: “I go home every night
and | evaluate and I'm like, they really didn’t gkeat today and | really need to reteach it
tomorrow, even if just for like 5 minutes.”

Ella described her planning as spontaneous, yenaregd. She regularly sat down
to plan lessons start to finish, but continuedhiokt of ideas at other moments in the day,
such as during her drive home from work or whilartg a shower. “I swear my brain
goes a mile a minute,” Ella said when discussing Bbe planned. Ella planned using a
guide associated with the Common Core Standardshtbalistrict gave her. She called
this the Anatomy of a Lesson and often referreitstoomponents while planning. Within
this lesson framework, there was a place for wigobeip instruction, small group or
paired collaboration, and individual practice.

Concurrent thoughts on technology, content, and pexjogy.During both
Think Aloud interviews, Ella began her planningrieyiewing the Common Core
objectives on the district pacing guide. In a fallap interview, Ella explained that she
always starts her planning with the objectives @arning Targets she wants to address
and then moves into how she is going to teachdhéeat, which is what | observed in

the Think Aloud interviews. For Ella, consideratioitechnology was concurrent with
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her thoughts about the content. In fact, as shengldin both Think Aloud interviews,
Ella created a Smart Notebook file that organizexdiésson. She then used this file as

part of her instructional presentation during #gsbn.

| use the Smartboard for every lesson becauseiwviite Anatomy of a Lesson, |
feel like that's a great way to get the “me.” Soimests | can't find a read aloud
book so | will find [text] for the Smartboard thiatan at least put a paragraph or
something in there.... | might even pull [text] oditsomething | find online that’s
just a short story or whatever.... Then it's easym@rto incorporate the “me” and
then the “we” where [the students] come up and fhegnipulate] what we talk
about together [on the Smartboard].

After the objectives, the first slide Ella createdhe interviews held a link to a short
video clip related to the content. Ella later expta that she always started her planning

by finding a clip for the students to view.

| always think about the technology. | plan arotimel technology believe it or not
| mean that'’s the first thing I'm always thinking aike | said a video- that's
probably the first thing | do. | find something thalates to [the content] like
maybe something audio. We did point of view witie Three Little Pigand |

had audio of that. Then, they had to compareTite True Story of the Three
Little Pigs Then | used the document camera just to show g &ges of the
story... so I'm always thinking about using techngiog

During the first Think Aloud interview, Ella seawhfor a video that would introduce
point of view to the students for a lesson priotht@Three Little Pigdesson she

described above. While she was planning she said,

| always like to incorporate a teaching video.d dee that there was a Brain Pop
(http://www.brainpop.comvideo and | viewed that one and it got too inealv
with first, second, and third, and we’re only gotglo the two (first and third). |
did find one on TeacherTubkt{p://teachertube.coml use that a lot because |
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feel that kids really really relate because theycwd.V. a lot so they can see

something visual, maybe something that kind ofeegctheir eye.
Because she always viewed instructional videosrbedioe taught with them, Ella spent
about 6-8 minutes of her planning time searchimgafal previewing a video on point of
view.

In addition to using video clips to activate andld background knowledge, Ella
considered other ways to integrate technology asmstved through the “Anatomy of a
Lesson.” In the first Think Aloud interview, Ellaedided to use an online comic strip

creator http://www.readwritethink.org/files/resources/irgetives/comid/to assess the

students’ knowledge on point of view. Ella beliexwbdt the comic strip was a medium
that would be relatable to the students. Ella erpththat the online comic strip allowed
her to “incorporate writing” because the studenigl‘have to create a story and be the
narrator... they can use dialogue [representing dirshird person point of view].”
Therefore, as she was planning how to assessudargs, Ella was thinking about the
technology she wanted to integrate.

21% century skills. Ella also considered the integration of'2&ntury skills while
planning. As she stated earlier, she believedtt®integration of technology was one
way to promote Z1century skills. As part of the “Anatomy of a LesgoElla included
opportunities for students to work together to aaplsh a task. For example, to prepare
for a field trip to Washington, DC, Ella had thedgnts individually research different
memorials and monuments that they would see ontifiygi The students were then

responsible for sharing the information using aaiy approach with a small group of
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students. Although this project seemed like a lptementary research project, Ella
added a component of collaboration and communicatiten missing from elementary
research projects. Since there were at least twplpevorking on each monument, Ella
had the students first work individually and themference with those sharing the same
monument. During the conference, the students camuated the information they had
discovered about the monument, as well as theughis on their peers’ presentations.
Then, they collaborated on ways to improve thaliiidual presentations, including new
information they did not originally discover. Talithe new information, the students
revised their individual presentations before tiveye split into jigsaw groups to teach
other students about their monuments. In a foll@anterview, Ella explained why she
wanted the students to collaborate during thisgatojShe said,

| feel as though students need practice commungatiorking together, teaching

one another and exploring within a group or parsieation. | feel students feel

less threatened when having to complete an assigraspecially when they do
not understand a concept and can hopefully leacugin their peers.
In all, Ella planned this project to include®2dentury skills including communication,
collaboration, and creativity as the student desiiga PowerPoint, Prezi, or PhotoStory
presentation and shared it with their peers.

Considering the technology during planning As Ella was simultaneously
thinking about technology and the content she whtddeach, she also had to consider
logistical issues that arose from the technologywhnted to integrate. Ella described
herself as strict and had high expectations foishatents and her lessons. She ran a

structured classroom and was conscientious abouaegures during lessons. Because of
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this, Ella spent a lot of time at the beginningha# year teaching her students how to use
the technology in the room.

In addition to procedural issues with using tecbgg| Ella found it difficult to
integrate some of the grant technology that wadl rfotFor example, she only had 2
iPads, which limited the ways she could use thermdunstruction. She said,

You know I'm always thinking of using something wiechnology during my

lessons. | was thinking about that this morningdpi’t use the iPads that much

because | only have two of them and one is mide.use [the iPads] in word
study because that’s the only time that | can trej in small groups]. | don'’t

feel like it's something [l can use consistently]ess | have a class set that’'s why

| feel so blessed to have a class set of Netbooks.
Although she had a classroom full of technologya Bhderstood the frustrations
teachers have with a lack of access to 1:1 teclyyolo

| did a workshop yesterday with my student teacmeusing Google Forms to do

their pre-assessment and you know the questiom[bther teachers] was “how

do you allow all your students to take their preegsment?” Well, | have the
advantage because | have computers for everyonkfaadlike not every teacher
can use technology in that way.
An access barrier also existed with the paren&lafs students. Although many had
access to technology at home, they did not always the programs Ella was using in
school. For example, Ella explained that she wagdd in what file formats she could
put on her classroom website because the parett® e able to open it on their

computers at home. As an example, Ella descriljgdjact she wanted to do in

PhotoStory littp://www.microsoft.com/en-us/download/details&pg=11132 as

having limitations because many of the parentsxdichave PhotoStory on their home
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computers.

I’'m going to use PhotoStory and use the audiottitie and let them record
themselves reading their poetry, but then | alwagtlike what could | do with
[the final products] after that because | can't fmgtm all on my website. [Parents
and students] can’t always access it because i@y ltave PhotoStory on their
computer at home so there’s some disadvantagesiig i
Factors Influencing Technology Integration
Two main factors influenced the way Ella plannedtézhnology integration in
her 8" grade classroom.
1) Ella’s beliefs about the role of technology in tl@ssroom
2) Ella’s ability to think about the technology whiensidering content and
pedagogy
Beliefs about technology in the elementary classrou Ella believed that
technology engaged her students and made contewané to them. She especially found
that visuals were engaging to her students bedhegavere used to watching television
at home. Because of this belief, Ella routinelylued visuals, such as short video clips,
at the beginning of her lessons to build backgrckmmlvledge about the concept she was
teaching. Ella also believed that the use of teldgyowas one way to promote 21
century skills in the classroom. She often inclutlsdhnology products in her lessons,
such as the online comic strip, or the Washingld,presentations, to encourage
communication, collaboration, and creativity.

Planning with technology, content, and pedagogy imind. Ella began lesson

planning with content objectives and an overalllgoanind. However, she joked that the
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lesson planning between the objectives and thegeablwas “all over the place.” Ella felt
this way because she appeared to jump around fronghts about the content, thoughts
about the delivery of the content, and thoughtsiaberhnology when she was planning.
Although she thought this was somewhat chaoticadtsh said that other teachers did
not understand how she planned, | believe thatslsesimultaneously considering
technology, content, and pedagogy as she planrezdibe she did not view them as
separate entities. Planning with technology, cantamd pedagogy in mind will be
discussed more in the cross case analysis.
Summary

Ella believed that technology engaged her studanfgromoting 21 century
skills of communication, collaboration, criticainking, and creativity. Ella planned
lessons while simultaneously thinking about tecbggl content, and pedagogy and
found ways to use technology in multiple parts ef lessons to introduce, to practice,
and to assess concepts.

The Case of Jan Richards

The kindergarten students in Ms. Richard’s musassloom sat down to take a
breath after singing an interactive versiorefiz Navidadwhere hands and bodies were
moving. “I'm going to show you something very cdalaid Ms. Richards excitedly. She
told them that the song in the video clip she wasuato show them was the same song
they just sang, but that the musicians in the videce taking a different approach to the
song. Laughter erupted as the students watEkéd Navidadcome to life with unique

instruments: iPhones, iPods, and iPads. Ms. Rishaaidsed the video to point out
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someone playing the drums on the iPad and them aga@ioint out someone playing the
piano on the iPad. “You mean like a keyboarddjti& student in amazement. The
camera zoomed in on a pianist playing the iPad. H®Is!,” exclaimed a student from
the back of the room. Another student chimed iret'd_hear it again!” As the class
watched the North Points iBand plagliz Navidad

(http://lwww.youtube.com/watch?v=DcexJOM-8W@onder, and then excitement, filled

the room. “I wish we could see them pRxeidel Dreidel[another song in the students
winter program],” a student muttered from the sflehe room as Ms. Richards turned
off the video.

Jan Richards (pseudonym) is a wife, mother, anddgn@ther with a passion for
music education that would inspire anyone to bauaioteacher. With a work ethic to
match her passion, Jan is a teacher leader atlBtua PreK-5 Title | Elementary
School, where she serves as a mentor to begineauipérs, provides school-wide
professional development in writing through a posibn a district-level writing team,
and leads professional development on various sapiating to technology integration at
the school and district levels. Jan also direasstthool’s music programs, an extra-
curricular student music group, and co-leads tliged morning announcements.

Jan is known in the school as the person to Vigiu want to borrow the
Netbook cart, troubleshoot a technical issue, strfjoi get in the school building on the
weekends, because she is always going to be trekeng. Most importantly, Jan loves
her students and they love her, which is reflecietheir faces as they enter her room for

music class. This could be because, most of the, tilan’s melodic voice greets them in
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song as they enter the room and it is the lasgttiiny hear as she sings them out the
door.

Jan is licensed in Music Education K-12, has a Mig&urriculum and
Instruction, and is certified to teach gifted le=ns1 Jan is also a Nationally Board
Certified Teacher (NBCT) who has recently compldtedrecertification. With
experience teaching in four states over 35 yearshds been in her current school
system for 13 years. Music textbook publishersro$glicit Jan to review or contribute to
publications and she has written chapters for amehtary music textbook. In fact, Jan is
often asked to participate in, lead, or organizengs, groups, or professional
development. Near the end of the study, Jan exgulesslesire to step back a little bit
from her responsibilities in order to focus herrgyemore on the classroom because that
is truly where her heart is. However, she addetigha would not give up her position in
the school district’s technology leadership grdughlighting the fact that technology
played a large role in her beliefs about music atlan.

Jan’s Music Classroom

Located on the back of the school’s stage, Janhioleg her own space for music
class by closing the stage curtains and creatmgleshift wall along the curtains out of
bookcases. Although it did invite some criticisime tvall ensured that the back of the
stage was her classroom instead of a walkway tgyhe When imagining a classroom
in the back of a stage, one would probably thirtk ibe drab or sparse, void of that
welcoming feeling normally felt when entering aerakntary classroom. However, only

the glimpse of stage curtains to one side of tlberor the occasional sound of balls
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bouncing in the gym hinted at Jan’s room being laingt but a musical oasis for the
students.

When asked why she applied for the school systém@vation Grant, Jan
immediately exclaimed, “To get stuff!” In Jan’stiai interview, she joked that her
husband fondly told her not to worry when she firahsferred to Blue lvy Elementary
and acquired a music classroom lacking technolegabse she was “good at getting
stuff.” Jan’s husband was right because her classwas full of “stuff.” A small
classroom given the location, Jan was able to &g use her limited space to
accommodate instructional materials, technologyg, @ilaborative space for her
students. Instead of having desks, two large, tidloarpets covered the center of the
room for students to sit facing either the Smantbahat was mounted on the wall or the
digital piano. The students often changed posit@nghe carpet during the lesson to face
the board or the piano, both being vital partsasfd lessons. Jan explained,

| never teach a lesson without technology anymdog.every piece of equipment

every day, every lesson, but there is something\Jery lesson]. | mean Smart

Notebook (the software associated with the Smartf)aeow is a part of my life. |

used to say | can’t teach without the digital pis#ecause it's an amazing tool

because it is a computer that looks like a pianbthee Smartboard now is that
piece, as well. Pull up a file for a lesson anglji’'st there, | mean with the videos
embedded.
Next to the Smartboard, Jan had a cart equippddanitenovo (Windows) laptop given
to her when the district provided laptops for b# teachers in her school, a MacBook

Pro purchased by Jan’s principal for special ptsjsbe was asked to do by

administration, and a document camera acquiredigiiréthe Innovation Grant. Jan also
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had an additional laptop for her student teachesrghe got through the grant. When
describing items she received through the InnowaBeant, Jan included the student
teacher laptop as being one of the most signifiadditions to her room because she
consistently was asked to supervise music educsatiuatent teachers from the local
university. She said,
The three most powerful [items received from thengjrwould have to be the
Flips (video cameras), and having an army of Fdipgd the [digital] cameras, I'm
going to lump those together, that would be ond.aBwther one was | got an
extra laptop for my student teacher.... that hanlseich a huge blessing. So for
my student teachers ever since then they havaa@plépat they use and | have a
laptop. And then of course the [Netbook] cart.
Due to space limitations, Jan’s cart of 21 Netbowls stored in the school’s library
across the hallway. This location also allowed pteachers to borrow Jan’s netbooks,
which she encouraged, as long as they followedtniet usage rules. Jan proudly
explained that she “preached” to students and &aabout proper care of technology
because it was important to her for others to shaense of ownership with the school’s
technology.

Jan described the arrival of the grant technologyer room as larger than life. She
said, “You know, until you see them walking in wi20,000 worth of stuff, you really
have no clue.” In summary, Jan’s classroom teclgylacquired before and from the
grant, consisted of the following items:

e Mounted Smartboard

e SmartSlate (wireless slate for Smartboard)

e Lenovo (Windows) teacher laptop
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e MacBook Pro teacher laptop

e Digital piano

e Computer monitor for the digital piano

e 21 student Netbooks

e 4 digital cameras

¢ 5 Flip Video cameras

e 4iPod Touches

e Copier/Scanner

e Student Teacher laptop

e Document Camera
Of the preceding items, only the copier/scannernadsavailable for Jan’s use because,
after purchasing the copier, the school system chtve networked copier system at
Blue Ivy Elementary School. In addition to techrgytpJan’s colorful music room was
lined with teacher- and student-created postess, r@ferred to as anchor charts, that she
often visited during lessons, such as the musft st to the Smartboard labeled with
acronyms to help the students remember line anckspates. Books and musical
instruments filled the bookshelves and bins linexiad the room.
Jan’s Beliefs about Technology in the Music Classoim

With 35 years of teaching experience, Jan felisha always had a passion for

learning about technology in the classroom. Shd sai

| have always been passionate about the technplegg and that got started in [a
previous school/state] when they said, “Alrighy@u want to, sign up and take a
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class on the Mac” and everyone was like, “I dombWw,” because everyone was

in the same boat when it started. So even thegmhéls coming out weren’t

really knowledgeable about [technology integratibe¢ause we were all really

starting, unlike today.
In fact, Jan had a passion for enhancing her iostmuin general. Although Jan
attributed the choice of a M.Ed. in Curriculum dnsfruction rather than Music
Education to the convenience of the location ame tof the program, consideration of
her achievements and time spent with her refléeaeher who has a bigger vision of the
elementary music classroom. In her initial intevwidan admitted, “I'm definitely a big
picture person.... The interesting thing is that Iraght-brained/left-brained. That helps,
too. A lot of musicians are going to be strictlgiri-brained and can’t see anything else.”
Jan’s ability to see the big picture was evidertien degrees, certifications, and
involvement in professional learning communitieg;tsas a writing team that provided
professional development to schools in the district

Exposure to content through technology in the musiclassroom.Jan believed
that the role of technology in her elementary matassroom was to enhance student
learning by building the background knowledge fritimexperiences that her students
typically lacked. In her initial interview she said

And in a school like this, what’s going to incredlseir exposure, because they're

not bringing the piece of we went to Disney Wortdv@'ve been to the beach or

we’ve been to the [local city] Symphony concertttog pop concert or we saw
the Nutcracker Ballet. None of my kids bring thegqge.
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In an interview near the end of the study, wheredgk give an example of the use of
technology for exposure, Jan said, “Exposure caéeirtual fieldtrip knowing that my
kids don't go to the symphony. Exposure through¥baTube video brings that to

them.” In the same interview, Jan elaborated orbbkefs about exposure by saying,

My goal is so that when my kids are in a room viids from [district school] and
[district school] and [district school] and [digtrischool] that somebody isn’t able
to say there’s a poverty kid, there’s a poverty, kidit's a poverty kid, because
[the children] are like looking with their eyes opand don't really know what'’s
going on. | want them to be able to compete. | vilaain to be able to break the
poverty cycle even though all the research sayswua’t be able to easily do
that. | want them to know that they can, if thatame getting this stuff in their
hands.

Jan also believed that integrating technologyenléssons exposed her students
to specific music content beyond what she had abiglin her music classroom. During
an interview immediately following the kindergartieéeliz Navidadesson described
above, Jan explained that she did some researtttedviorth Points iBand in order to
access the same applications they used to creaie.ndine said,

| went in and did some reading on that.... those anog they listed, | found in

some writing.... so actually, on the four Pods that got, those programs are on

there.... For one of my classes, | had four iPodslandded the kids into four
groups and then.... one of the iPods was Beltoitp:(/www.normalware.cojrand

one group had the tambourine, | can’t rememberdse but in my lesson we did

the singing of the song, we watched the video hed tve [composed and played
the song on the iPods].

Jan used her iPod Touches to put music instruniemtii® hands of her students, having

them create and play a song together.



178

Exposureto technologythrough technology in the music classroomlan had a
larger goal in mind when applying for the grante &lelieved that her music classroom
was a powerful place in which all of the studentBlae vy Elementary School could
have access to innovative technology tools. An gtdeom Jan’s Innovation Grant
application describes her desire to put technolodlie hands of every student in the

school. She wrote,

Some may question the value of making a Music ohass a 21' century
classroom, but two of the most positive outcomethefMusic room having a
Smartboard as part of the [district technology éralip program] in the 2008-
2009 school year was (EVERY CHILDat [Blue Ivy Elementary School] learned
how to use the Smartboard, and (2) it excited diechers to desire a
Smartboard in their classrooms.

In another section of Jan’s Innovation Grant agion, she further described the impact

her existing technology was already having on thdemnts of her school:

Last year we had a Smartboard in the music classfoothe entire year, and
were able to see the students fully engaged aritedxghen using the
Smartboard. They begged to know, “Why don’'t weehare in our classroom?”
When using technology they get excited and areiggiknowledge without even
realizing it because they are having so much fliethnology is constantly
changing; we want to stay on the cutting edge, @llibwing our students equal
opportunities. This year we also added a digi@h@, so students are exposed
and experiencing the creation and performance alicrareated digitally. This
will definitely be a part of our Zicentury classroom!

Therefore, although Jan joked that her goal inyapglfor the grant was to “get stuff,”
the idea of getting stuff was surrounded by thgdagoal of putting that “stuff” in the

hands of students as a method of exposure.
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Teaching in a transient school, Jan believed thatad her responsibilities was to
prepare her students to be successful in otheothothe district. She believed that a
digital divide existed between her students andesits at other schools in the district
and, therefore, it was necessary that teacherkiatlBy integrate technology into their
lessons to expose students to technology tools.

| do, | want them to have [ZTentury] skills, | think its critical. And the wake

kids move now, for the kid who leaves here and goésther school in district],

he’ll stand out if we haven’'t exposed him to as mas we can.
To Jan, integrating technology into lessons wasanatption: “If we don’t do it [at Blue
lvy], that gap just gets bigger and bigger.”

To encourage the students to become more profigightthe technology in her
room, Jan often modeldwwto use the technology while she was teaching wviffor
example, during an observed grade lesson, Jan taught the students how tdese t
cloning feature in the Smart Notebook Softwarelfen$martboard as they illustrated and
sangThe 12 Days of ChristmaBy the 13" day of Christmas, student participants were
able to illustrate the song lyric, clone their sittation, and arrange the picture neatly to
complement the typed lyric. One drummer drumminged to 12 with a few quick
touches and little guidance from Jan, as the stsdead almost mastered the Smartboard
feature. As each student finished illustratingréclythe class stood up and sang the song
while Jan clicked through the Smart Notebook pagesaling the lyrics and illustrations

in time with the music. Although learning and usthg cloning feature during the lesson
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did take time away from the music content, Jarebeli this was necessary to providing
the students with exposure to technology. In aarunéw after this lesson, Jan explained
why she spent time with the cloning feature.
| like to talk when | am at the Smartboard. | wdrgm to know [how to use it]
and like | said most of the kids even in the upp@des don't get to use the
Smartboard and | wish | had longer lengths of timitd them because | would
love for them to have more hands on time with thre@board. So to me that's
exposure, too, teaching them the tricks and hoghiag get some kind of
opportunity in the [general] classroom to show thaty know the trick.
Jan also encouraged the students to share thewléage or “tricks” with their general
classroom teachers in order to 1) encourage tioheesto let the students touch the
Smartboard more often, and 2) teach the teachergdido the tricks if they did not
already know how. Jan’s beliefs about technologlyanmusic classroom as a method of
exposure to music content and technological knogdadfluenced the way she planned
her lessons, which will be discussed further inrteet section.
Planning in a Technology-Rich Music Classroom
Jan patrticipated in Think Aloud interviews with me October 31, 2012 and
January 11, 2013. Due to December being a busywithemusic programs and other
school events, the second Think Aloud interview wawed to after Jan’s winter break.
During the Think Aloud interview, Jan verbally egpsed everything she was thinking
while planning a lesson during her designated prapperiod. In addition to the Think
Aloud interviews, the way Jan planned her lessoms ascussed during scheduled

interviews and informal interactions during thedstuAt Blue vy, teachers were required

to keep their lessons plans in a red binder visibl¢heir desks for the principal to review
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if she visited the classroom. Jan used a dissgted lesson plan template that she
tweaked to meet her personal preferences to plale$sons. She also kept the district-
issued pacing guide for elementary music in heibiader. She referred to the binder,
specifically for the pacing guide, during her Thidkoud interviews.

Big picture planning: goals, content, and technolog Jan called herself a “big
picture person” and her method of planning refl@c¢kat description. In both of her
Think Aloud interviews, Jan began with a big gaamind and used the planning session
to outline how she would move toward that goal tigto multiple days of lessons. At the
time of the study, Blue vy was on a five-day salledotation with an occasional “zero
day” added for special events. Therefore, Jan sanNy her classes every five to six days,
which meant that planning for big goals includesstins that covered several weeks at a
time, rather than a few consecutive days like tgfdiessons in a general elementary
classroom. For example, in her first Think Aloutenview, Jan began the planning
session by saying that she would be planning feers¢ weeks of lessons that would
achieve the bigger goal of preparing her fourth fditld grade students for the upcoming
[state] Symphony concert for local elementary séhatan concluded the first Think
Aloud interview by saying, “Well, that kind of gise/ou an idea of how I plan. | don’t
look at it as one lesson. | can’t because otherinismk then it becomes too much of an
activity and not a whole piece.”

In her second Think Aloud interview, Jan begangla@ning session similarly by
saying that she would be planning for several weéksssons that would achieve the

larger goal of preparing her second and third gstddents for the upcoming spring
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music program. During a follow-up interview to tiest Think Aloud session, Jan
suggested that her role as a music teacher affdrelethe flexibility to plan with larger
goals in mind. She said,
I’'m guessing that my planning would look very difat from a classroom
teacher planning because theirs is so laid oufp@acang guide. Mine is a more
generic pacing guide. | saw one this week forjikht was ELA, and | was like
“that’s a daily guide.” You can't really stray frothat.... | know they also have
some play in it a little bit, but | think that mygmning would look very different
from what they do because | have the leeway taddeshat we are going to do
and when we are going to do it kind of. I'm a fibmliever that | can make
almost anything that | want to do fit into [the ¢emt objectives] because it’s just
“what am | going to highlight?”
In both Think Aloud interviews, Jan moved from egler goal to more specific content
objectives, spending considerable time planninglievery of the music content. In this
progression, she considered the technology sheedidatintegrate as she was thinking
about the content objectives. When consideringrieldyy during planning, Jan
explained, “I am always looking for something thait enrich or add to [the content].”
During one interview, Jan described how she thoagbut technology and
content while she planned for the larger goal afifathe students compose an original
piece of music. Composing original music brings\gel of difficulty to the elementary
music classroom that causes many music teachsksptohe objective altogether,
especially given the limited amount of time elenagnimusic teachers see their students.
According to Jan, interactive whiteboards, sucthasSmartboard, have given music

teachers a better platform for modeling the conmtposof music because of the ability to

easily manipulate music notes on the staff in fifrthe students. She said,
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The two hardest parts [of the music standardsiaoempose and to improvise.
The invention of the whiteboards and the Smartbbasihelped that.... And the
neat thing is that the Smartboard is there andamgust throw [music] up and
move it around. It’s really made composition easief want them to use the
whiteboard and the manipulation of notes and thdrat does that feel like with
the recorder?.... Last year | even did something /kach person was
responsible for two measures and then | put thegnanps of four and they were
actually physically saying, “Well would it soundtter...” That is where that is
eventually going, but that will be later in the geldm a chunk planner so that is
my vision for the end, but how do | get them there?
In both Think Aloud interviews, Jan’s approacheottnology within the content
objectives was to enhance the content and mowydrid the walls of her classroom.
This idea of exposure beyond the classroom wallessribed further in the next section
as a reflection of how Jan’s beliefs about the afleechnology influenced her planning.
An intersection of beliefs and planningAs previously discussed, Jan believed
that exposure to content was an integral part ofrisruction because her students were
lacking the background knowledge from life expecesineeded to make connections to
the content she was teaching. This idea of progidxposure to the content was also
observed during Jan’s Think Aloud interviews. Feample, during the first Think Aloud
interview, Jan predicted that most of her studemsid not be familiar with the
Symphony so she spent about 20 minutes out ofta@brtonutes searching for and
previewing video clips of the Symphony and of exesmf music the students would
hear the Symphony play. While she searched forovadips she said, “I find that when
I’'m planning my lessons, if | can use a short aigngages the kids. It gives us a starting

point for discussion.” She also readily admittddspend probably too much time looking

for this kind of stuff.”
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Jan used the video clips as a way to build backgtdmowledge for the students
before beginning the discussion of the Symphong. &0 used the video clips to
encourage the students to make connections betwlegithey watched and discussed in
class and what they experienced at the actual domging her Think Aloud interview,
she tediously searched for and previewed clipsptatided close up footage of the
Symphony so the students could see the musiciaysgltheir instruments because she
knew that their seats for the upcoming concert weteclose to the stage. During the
follow-up interview, Jan explained why she spentraeh of her planning time looking
for clips with close-up shots of the musicians:

You know we go to the concert, but [the musiciaarg] way up there on the stage

and if we happen to be assigned to sit in the badeeing them play that

Wagner piece [on the video clip] with the violinigght there, to me that'’s really

important, that’s critical because they won’t dedtt[at the concert].

During another interview, Jan again mentioned thieartance of using the technology in
her room to build the students’ background knowéeldgfore they attended a
performance because, in most cases, their figddrould be the first time the students
attended such an event. Jan believed that musictfips were more powerful to the
students when they were able to make connectiamgeba content in class and the field
trip experience. She explained that she spendsad keer planning time considering how
she can provide meaningful exposure to the conkewtying that her students often
bring no prior experiences with the content. Nowgew she visits places or attends
performances, Jan brings a digital camera andipnftleo camera so she can capture

images and video that will expose her studenteesaime kinds of experiences in the
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classroom. For example, she said,

| had taken pictures at the Nutcracker. They legméackstage, and they let me
take all these pictures. | put them on the laptagp\ehen we got the Smartboard it
was so wonderful to see them big. So | creaténhatl stuff and then | use it. So
that’s a lot of the lesson planning.
When integrating technology to achieve big goal$ provide exposure to content for her
students, Jan also recognized the logistical isgissarose from technology use.
Considering classroom management during planningduring both Think
Aloud interviews, Jan considered logistical, mamaguet-type issues that integrating
technology brought to her lessons. The idea of igiagahe use of the technology in the
room also emerged several times during the studgheduled interviews and informal
interactions with Jan. When describing how shegldan suggested that having an array
of technology in the room sometimes made her stoltlaink specifically about the tools
during planning. She said,
Sometimes | have to say ok I've got these Touahiebye got this, how can | use
that? And in some ways it is hard because it ig drifouches so how are you
going to use that and keeping track of which kid teaiched the Touch. But on
the flip of that, everything | do is technology bdsvhether that’s with the piano
or the Smartboard or the cameras or if we are goiragsess with the Flips so it is
still all there, but sometimes when you do havensch you really have to also
think how am | going to use this?
Jan also discussed classroom management issuesdbatwhen she planned a lesson
using applications on her four iPod Touches totereausic like the North Points iBand

playedFeliz Navidad She said, “You can’t put one kid on an iPod arrfkids on an

iPod and the rest of them- too bad so sad. Soitliea whole management thing in your
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lesson.” Although Jan had various technology atéléor use everyday in her
classroom, she still sometimes struggled with howtegrate hardware tools that were
not 1:1.
Factors Influencing Technology Integration

Two main factors influenced how Jan planned ferittiegration of technology in
her music classroom.

1) Jan’s beliefs about the role of technology in Hassroom at Blue Ivy

2) Jan’s Technological Content Knowledge (TCK)

Beliefs.Jan believed one significant role of technologh@n music classroom was to
provide exposure to the content for the studentalree she felt that they sometimes
lacked the background knowledge from life expergsnto make connections to the
content she was teaching. When planning durin@ thek Aloud interviews, Jan
specifically thought about adding technology to lesson in a way that would increase
exposure to the content for her students. Janb&keved that her music classroom was a
place to bridge the digital divide her studentsezdgmnced because every student in the
school saw her at least once a week. This beled@aged her to integrate technology as
much as possible, knowing that she was providimpsure to technology to those
students lacking it at home on in their generadsiaom.

Technological Content Knowledge (TCK)Given her position as a music teacher,
Jan had deep content knowledge of her discipliawe also had strong technological
knowledge and felt comfortable exploring new waysise technology in her classroom.

However, Jan’s greatest strength was her abilitgeatify the technology that would
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best address learning within the content of mulits combined knowledge of how
technology influences content and vice versa iedalechnological Content Knowledge
(TCK) (Mishra & Koehler, 2006). Jan’s Technologi€dntent Knowledge influenced
the way she planned her lessons, even changingahshe approached content
objectives that were traditionally difficult to a For example, Jan’s knowledge of the
use of the Smartboard to teach music compositiatenitaso that the content was
accessible to the students.
Summary

Jan’s knowledge of music, her knowledge of techggl@and her knowledge of
how the two influence each other influenced the slag approached lesson planning. Jan
believed the use of technology in her music classrprovided student exposure to both
content and technology. When planning lessons¢cdasidered ways she could build
background knowledge through the use of technolsggh as video clips. Jan also
considered ways she could expose her studentefedéeechnological knowledge, such
as through detailed explanations of tools on thar@mard.

Cross-Case Analysis

A discussion of the findings across the three caseslated to the research questions
follows.
What does Meaningful Technology Integration Look Lke in a Technology-Rich
Elementary Classroom?

The three technology-rich classrooms integratedrtelogy in active,

constructive, intentional, authentic, and coopeeatvays as defined by Jonassen et al.
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(2008).

Active. In all three teachers’ classrooms, technology ratgn promoted active
learning. Hope’s students manipulated numbers usgdpdications on the iPad during
math. In Ella’s classroom, the students often disoed and evaluated information on
topics in social studies using the Internet. Jahislents manipulated music notes on the
Smartboard and played instruments on the iPod Tesidh each classroom, the students
actively participated in their learning and the evsitions were void of large amounts of
teacher-directed instruction.

Constructive. Technology also supported the students in cortgtgioutputs that
showcased knowledge beyond information the tegutesented. In Hope’s classroom,
the students taught each other concepts relatine tstates of matter through video-
recorded experiments. Ella’s students created ptsdibout Washington, DC, and point
of view using tools such as Prezi, PhotoStory, RBwmt, and a comic creator. For
Constitution Day, Jan’s students created videosrapanied by patriotic songs of
patriotic symbols around the school.

Intentional. When planning, all three teachers were intentiongthe way they
integrated technology. Hope, Ella, and Jan integréchnology with instructional goals
in mind, rather than planning around what tool theyted to use. All three teachers
used video clips intentionally to build or activé@ckground knowledge for a new
concept. Hope had the students video-record scexmeriments in order to teach their
classmates about the states of matter. Ella hasthéents use an online comic strip

creator to showcase different points of view thifougiting. Jan used the Smartboard to
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support the manipulation of music notes during masmposition. Common to all the
teachers was the use of technology to accomplsgieeific instructional goal rather than
to just use technology because it was availabtbam.

Authentic. All three teachers believed that it was importanntegrate
technology because it is authentic t6'2&ntury living. Ella explained that integrating
technology makes the content relevant to her leainecause they are used to watching
television at home and respond well to contentearesl visually. She also used the
Netbooks for research projects so that they stgdamild learn to access information and
evaluate sources digitally, a skill that she thdwgas authentic to the way adults access
information at home and in the workplace. Hope Zeml believed that, because the use of
technology is authentic, it was their jobs to imégg it in their classrooms in order to
expose their students to technology. Both teadhehgded the students’ lack of access to
technology at home as a reason for wanting theviatian Grant. Jan specifically stated
that she wanted her students to be able to congp#tally, and especially with other
students in the district. She believed that exgpher students to technical skills, such as
tools for creation on the Smartboard, was one aycould set them up for success after
elementary school.

All three teachers had their students use techgdilmgreate. Jan used technology
for music composition, such as on the Smartboattirough the iPod Touches like the
North Points iBand. Hope had her students cregfieatibrochures and experiment

vodcasts. Ella’s students used presentation saétteacreate a presentation and teach
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classmates and comic strip creators to write. dhease, the students were using
technology in ways authentic to the way it is usethe workplace globally.

Cooperative.Classroom observations indicated that technologyiugll three
classrooms was cooperative. Technology is oftenghbof as an isolator (Ching, Wang,
Shih, & Kedem, 2006), but that was not the cagberthree classrooms. Each teacher
built in elements of lessons that encouraged conneation and collaboration among the
students when using technology. Hope’s studentmalty used the iPad to preview
videos independently unless they had to shareauh But the activities associated with
the videos were often done in pairs. Hope wantedtudents to view the video
independently so that they could rewatch partgl@anification, but she encouraged the
students to help each other as they navigateddghrthe activity. In science, the students
worked together to create their technology prodwsttpporting each other in both the
science content and the use of technology.

Ella’s technology products always included timetfog students to communicate
ideas and collaborate on ways to enhance theie@ojA central component to Ella’s
Washington, DC project was the collaboration tifme $tudents had during the creation
phase of the presentation. Jan’s students worlgadher to compose music, both with
the Smartboard and the iPod Touches. Jan alsoelgigncouraged her students to work
with their general classroom teachers to teach tieehmical skills they learned in music
class. Rarely was a student observed sitting alotiea piece of technology for an

extended period of time in any of the classrooms.
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What Kinds of Decisions Does the Teacher Make (ané/hy) When Planning for
Technology Integration?

The content and the end resultin different ways, each teacher stated that they
decided how they were going to integrate technoladieir lessons based on what they
were teaching and what they wanted the end rekthieo lessons to be. Hope
specifically said that she planned with end gaalsiind and used assessment data to
consider how she was going to move her studeritetend goal. For Hope, technology
took on different roles in math and science. Inlhmahe used technology, such as the
iPad videos she created for previewing new con¢cépupport her students as they
moved to her end goal. In science, Hope often tesgthology as the end goal, such as
for the planet brochures and experiment videos phesgiuced. The concept she was
teaching also sometimes influenced Hope not tded®ology, such as when she
wanted the students to practice adding three digitbers on paper to focus on
regrouping instead of using an application on Bl

Ella began her Think Aloud planning sessions disitgsthe objectives and the
end product. Ella often used technology as a prtodugssess student understanding and
to integrate 2% century skills, such as the Washington, DC prsjeetd the point of view
comic strips. Jan described herself as a “big pecperson” and planned with big goals in
mind. For example, in the first Think Aloud inteew, Jan’s big goal was to prepare the
students for a trip to see the state symphony parfdan used technology to support this
preparation by building the students’ backgroundvidedge about the symphony and

exposing them to elements of the symphony that Wayd not experience from where
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they would be seated during the performance. Janused technology to help the
students create the end result. When her big gasltavhave the students play their
original music on the recorder, Jan had them maaipunotes on the staff using the
Smartboard during the music composition.

The learners.All three teachers made decisions based on thedesin their
classrooms when planning for technology integratidope and Jan described their
students as lacking background knowledge fromeldperiences in both the content areas
they taught, and also in technological knowledgecdise of this, Hope and Jan planned
for technology use to build background knowledgettieir students. To build
background knowledge in the content area, HopeJandised video clips. During
planning, Ella also looked for video clips. Shedig&leo clips to activate prior
knowledge because she believed her students celaké to the content better when
presented visually. All three teachers statedttiet considered ways to use technology
in their lessons because it was interesting tethéents and motivated them within the
content area.

Planning based on available technologyll three teachers consistently had to
make logistical decisions about technology usenduiesson planning. Although the
barrier of access was removed for the teacherg stilestruggled with integrating the
technology that was not 1:1. Jan explained thatpdwplanning, she often considered the
ratio of technology tools to students. With onlyPéd Touches, not every student could
use one, which affected the way she integrated th&arher lessons. Ella also had this

problem with her iPads; she shared that it wascditfto plan lessons using the iPads
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because she only had 2 of them.

In addition to the amount of technology hardwarailable, planningvhento use
the technology was an issue for the teachers. ldgpkained that she had to plan centers
strategically so that the students did not haweaste time waiting for the Netbooks to
slowly boot-up. Jan also regularly experienceddiffies planning for the use of her
Netbooks. With only about 35 minutes of instructiome per class, Jan could not afford
to lose time booting-up and shutting down Netbodkeerefore, when planning, Jan had
to decide if she wanted several classes in a ravgéahe Netbooks so that she could
have the students leave them on, which meant sh&haan for the Netbooks to be used
by different grade levels studying different musintent.

The students’ technical skills also affected thg tee teachers planned. Hope
explained that her students did not have experiemecking with Netbooks and iPads on
a daily basis at the beginning of the school yeastse had to plan for technical
instruction for much of the first grading periodnJaid that her students often claimed to
know how to use technology, such as iPod Touchggjid not navigate the technology
proficiently enough during class. Therefore, Jath toeallot time for technical instruction
when she was planning. Ella also had to considestidents’ parents when using
technology. When deciding if she wants to use teldgy as a student product, Ella
explained that she had to think about what shedcput on her classroom website that

parents could access at home.
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How do Teacher Beliefs Influence Planning for Integation of Technology in the
Classroom?
In all three cases, it was evident that the teatheliefs about the role of
technology in the classroom influenced decisioey thade during planning.
Engagement.Two out of three of the teachers specificallyedatat that
technology engaged their learners. Ella said titagrating technology made the content
more relatable to her students because they werktadeing immersed in visuals
through television and video games. Hope belieliatlintegrating technology made
lessons more interesting to the students, whictyrim motivated them to learn.
Exposure to content through technologyAlthough articulated differently, all
three teachers believed that technology gave themahility to expose their students to
content in order to build background knowledgeeiestingly, all three teachers did this
through the use of video clips. Ella and Jan spente of their Think Aloud interview
time searching for videos that would help to introgl a concept and expose the students
to examples of the concept beyond the classroons.wdthough not during the Think
Aloud interviews, Hope said that she used somespplanning time to create math
videos that preview a concept. Hope’s studentsiveak¢those videos on Wednesdays to
gain background knowledge about the concept poierditing her during math rotations.
Exposure to 2F century skills through technology All three teachers also
believed that it was important to integrate tecbgglin order to expose the students to
21 century skills. Out of the three, Ella specifigatated that the use of technology was

one way she promoted 2&entury skills in the classroom. She called tresiés the “4
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Cs: communication, collaboration, critical thinkjrand creativity.” When planning, Ella
attempted to use technology products, such as #ehivgton, DC presentations, that
encouraged the 4 Cs.

Hope and Jan explained that a digital divide eglistetween their students and
other students in the district. They believed thgiosure to technology in their
classrooms would enable their students to be mareessful in academic settings
beyond their classrooms. Hope said that her stadeeded to use technology daily in
school because they lacked access to it at homestidangly believed that, because she
taught every student in the school, it was heraesibility to expose them to technology.
Jan wanted her students to be confident when dsgigology so that they could
compete with other students in the district degbigeexisting digital divide. Because of
this belief, Jan often spent some of her musicsdieaching technical skills, like how to
clone items on the Smartboard, to her studentbofifh sometimes spontaneous, Jan
considered these technical interactions with hettestts when planning because she
believed they were significant to the role of tealogy in her room.

How does a Teacher's Knowledge about Technology, dfegogy, Content, and
Learners Influence her Planning of Meaningful Lessns that Integrate Technology?

The teachers’ knowledge about technology, pedagamytent, and learners
influenced the way they integrated technology girtlkessons during planning, which
will be discussed and represented visually for éaabher.

Hope. Central to Hope’s planning was her knowledge ofdtedents. Hope

planned based on student needs, often rearrangitfygroups and re-teaching concepts.
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Hope used iPads and videos as a previewing methiodild background knowled
because she knew her students lacked founde knowledge of certain math conceg
such as story problems. Hope also considered hAerdes when planning for scien:
reflecting on lessons and reteaching when neceddape’s pedagogical conte
knowledge in math appeared to be strong, as shatkle to represent the math cont
in multiple ways, adapting it to meet her learnees2ds. However, technology was ral
used during math instruction for anything othemntpaeviewing concepts on the iPad
Hope’s technological pedagogical content kledge was still developing, whic
influenced the ways she planned for technologygratigon. The following graphic cou

represent the way Hope’s knowledge influences laming:

Figure 6

Hope’s Knowledge

Hope's Knowledge

/" Knowledge of Learners ™.
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In this graphic, Hope’s knowledge of learners ghlighted to represent her focus on
learners during planning. Content knowledge, pedagb knowledge, and technological
knowledge are smaller because her knowledge afidéesawas a bigger focus during her
planning. Hope’s pedagogical content knowledge (P@kKresents her knowledge of
multiple representations of the content, especialipath. Technological knowledge sits
on the edge of content knowledge and overlaps ejiea) knowledge a little bit to
show Ella’s developing knowledge of how technolatfiuences content and pedagogy
and vice versa.

Ella. Ella often joked that her planning time was akothe place because her
mind was going in so many different directionsaklways began planning with learning
objectives in mind, but then immediately startedking about the content she was
teaching, how she wanted to represent it, andeitienblogy she planned to use. During
the Think Aloud interviews, Ella was simultaneousbnsidering content, pedagogy, and
technology as she planned. For example, duringrigterhink Aloud interview, Ella
discussed the different points of view she needdddch as she was searching for video
clips to activate prior knowledge, while explainithgt the video clips would make the
content relevant to the learners in her classrg&sran observer of her planning session,
| did not see a separation between the technotment, and pedagogy. However,
although Ella considered technology, pedagogy,camtient concurrently, only
occasionally did it appear that she recognizedudngs the three types of knowledge

influenced each other. When considering what stesvkabout the learners in her
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classroom during planning, Ella acknowledged leaymeeds by diffrentiating produc
requirements and providing student choice throhghuse of technology. The followit

graphic could represent the way Ella’s knowleddki@nces her plannin

Figure 7

Ella’s Knowledge

Ella's Knowledge

Knowledge of Learners

In this graphic, Ella’s pedagogical knowledge igresented as being larger tf
technological knowledge and content knowledge. &lilan focused on multipl
representations of the concept she was teachingeadro/thing else during plannir
including representing the content through technology. Duplagning, Ella considere
content, pedagogy, and technology simultaneousitydial not always consider tl
relationships between the three. In the graphichmelogical Pedagogical Conte

Knowledge is ery small, showing that Ella’s TPCK was still deyghg.
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Jan. Specializing in teaching music, it is not surprgsthat Jan’s depth of content
knowledge influenced her planning. Because shehtakigdergarten through™grade,
Jan had a strong understanding of the scope angseg of elementary music content.
She was responsible for the students’ foundationadic knowledge and she
progressively built that foundation each schoolryBairing Jan’s Think Aloud
interviews, she focused on the content being tauigtiilding choosing the music for the
lesson(s). Jan’s Think Aloud interviews began Watige content-based goals, and
activities during instruction were addressed lasaddition to content knowledge, Jan
appeared to have strong technological knowledge W&ts comfortable with new
technology, could troubleshoot problems effectiyalyd participated in a district
leadership group that led professional developroartechnology integration. Because of
her technological knowledge, Jan was not intimiddg integrating new technology into
her lessons and she was always able to prediatitadhssues that could arise, which in
turn influenced how she planned to use the teclgyolo

Out of the three teachers, Jan uniquely had stffeenological Content
Knowledge (TCK) (Mishra & Koehler, 2006). While plaing, Jan considered how the
technology she had in her room impacted, or evangéd, the content she was teaching
and vice versa. For example, Jan, like other eléangmusic teachers, struggled with
teaching music composition to her students, bghadearned how to use her
Smartboard, she recognized how the interactiveifeatof the board could support music
composition in a way that made it accessible toshadents. Although Jan also thought

about the learners in her classroom when planhiegknowledge of content and
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technology seemed to stand out during planningspant most of her time thinkir
about the content and the technology, leavin¢ time, if any, for consideration «
representing the content during instruction. Whemsadering what she knew about-
learners in her classroom, Jan mainly focused edsthat she felt existed because
digital divide, including the need to buibackground knowledge and expose the stuc
to technical skills. The following graphic couldresent the way Jan’s knowlec

influences her planning:

Figure 8

Jan’s Knowledge

Jan's Knowledge

Knowledge of Learners

In the graphic, Jan’s content and technologicalledge, as well as her Technologi
Content Knowledge (TCK) are represented as benggiahan her pedagogic

knowledge because Jan’s planning was highly dribsewhat she knew about t|
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content, what she knew about technology and howsbkeof technology enhanced, or
even changed, the content.
Summary of the Cross-Case Analysis

The three teacher participants led technology-<leksrooms that were active,
constructive, intentional, authentic, and coopeeatiVhen planning, all three teachers
made decisions about the content they were teaamddheir desired end result, the
learners in the classroom, and the technology @vail The teachers’ beliefs influenced
the way they planned and these mainly includeceligts about engagement, 2) beliefs
about exposure to content through technology, areliefs about exposure to21
century skills through technology. The teacher®Wwledge also influenced the way they
planned. However, the influence of teacher knowdedgs different for each participant.
Hope’s knowledge of her learners mostly guideddi@nning. When Ella planned, she
pulled from her knowledge of content, pedagogy, teatinology concurrently. Finally,
Jan’s content knowledge heavily influenced her pilag. A discussion of the findings as

related to the literature is in Chapter V.
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CHAPTER V

DISCUSSION AND IMPLICATIONS

This study examined the decisions three elemem¢aghers made while planning
for technology integration in technology-rich classms. The influence of the teachers’
knowledge and beliefs on the decisions they madeagiplanning was also studied. This
chapter presents a discussion of the findings mupdi¢ations of the study. First, a
discussion of the findings is presented as relai¢ke research questions. Second,
implications for teacher educators, teachers, a@narastrators are discussed. Finally, the
limitations of the study are acknowledged and pmeduture research is discussed.

Discussion of the Findings

The findings of the study are shared and integgres related to the research
guestions below.

Meaningful Technology Integration in Technology-Rit Classrooms

My first research question asked: What does meamitechnology integration
look like in a technology-rich elementary classr@donassen et al. (2008) define
meaningful learning as students being involvedsiructional tasks that are active,
constructive, intentional, authentic, and coopeeatin the three study classrooms, |
observed the students engaged in instructionas tasikg technology that had one or
several of the attributes of meaningful learninglened by Jonassen et al (2008). For

example, each room technology promoted cooperkgaraing rather than isolating the
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students, a commonly held belief about technologhé classroom (Ching et al., 2006).
Examples of cooperative learning include produtss €ncouraged collaboration about
Washington, DC, the states of matter, and patrsyttabols. Other examples of
meaningful learning with technology are shared Iag@ter V.

Although each classroom exhibited all of the chimmastics of meaningful
learning as defined by Jonassen et al. (2008) myro&their lessons (but not in every
lesson), the students engaged in using the teciythe same way every time they used
it. In Ella’s classroom, the students always sthttee lesson with a Smart Notebook file
to guide the lesson and often ended the lessonanigthnology product to assess their
learning. The students were actively engaged animinal and constructive learning with
technology, but it was not always authentic. In Blsglassroom, the students always
used the iPads to preview a concept in math aratertea technology product to
demonstrate understanding in science. In this idags the students engagement with
technology was intentional but not usually acte@nstructive, or authentic. Jan’s use of
the technology varied a little bit more, perhapsause she taught kindergarten through
fifth grade. Her use of technology was always &ctimd intentional, and certainly
constructive and authentic when the students weteng'music on the interactive
whiteboard. The teachers were thoughtful in thepraach to technology integration,
considering the content, the learners, and thentdogy, which | discuss below, but their
use of the technology was predictable. | attrilthie to their developing technological
content knowledge (TCK) and technological pedagaddinowledge (TPK). As the

teachers better understand the pedagogical affoedaand limitations of different
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technology, | believe that they will continue tadeclassrooms that are active,
constructive, intentional, authentic, and coopeeatbut the students will be using
technology in innovative ways that are more comsivea and authentic. Teacher support
for developing TCK and TPK is discussed furthethiis chapter.
Decisions Made During Planning for Technology Integation

My second research question asked: What kindsas$idas does the teacher
make when planning for technology integration aimny were those decisions made
when planning for technology integration? The Thid&ud interviews gave me a
glimpse into the process of planning for each teadiommon across the three cases
was that the teachers did not begin their planegssions thinking about technology. All
three teachers began their planning with largdruational goals in mind, with two
teachers then moving to content objectives andhing teacher moving to use
assessment data to guide her planning. Consideraftiechnology began at different
points in the planning process for each teachdadt all of the teachers stated that the
technology tools were not the most important fataronsider when planning a lesson.

When considering technology integration during plag, all three teachers made
decisions that were influenced by a) the contedtaadesired end result, b) the learners,
and c) the technology tool. My original conceptiramework suggested that teachers’
knowledge and beliefs influenced the decisions thage during planning. Figure 9
revisits the conceptual framework, highlightwwbatdecisions the teachers made during
planning. Although articulated in different waysch teacher stated that the content and

anticipated student outcomes affected decisionsrabdut technology integration.
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Often, technology was used as the product represestident understanding of the
concept, such as Ella’s point of view comic stapsl Washington, DC projects and
Hope’s science experiment videos. The teachersnadgte decisions about the learners
when planning for technology integration, considgriheir background knowledge of
the content and experience working with the teabgwl Logistical issues such as time
spent waiting for the Netbooks to start or the anmt@f available technology also arose
during planning and the teachers had to decide telchhology was most appropriate to
use given possible issues during instruction. leggkissues are often first-order barriers
(Ertmer et al., 1999) that cause teachers to avairty technology during instruction
(Cuban, 2001; Grimes & Warschauer, 2008; Ertmait.e1999). However, because the
three teachers had strong technological knowletthgg, planned for ways to alleviate
logistical issues, such as using the Netbooks @atisecutive classes to avoid turning

them off, rather than allowing the issues to ddtem from using the technology.
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Figure 9

Decisions Made During Plannin

Teacher Knowledge learning  tochnology  teaching

Teacher Beliefs
morals

Knowledge of Learners

self-efficacy epistemology

Decisions Teachers Make During

Planning
learners end goal
content technology tool

The decisions the teachers made during planningeébmology integration wel
influenced by their beliefs about technology argirtvarying levels oknowledge oi
content, pedagogy, and technoloUnderstanding why the teachers made decis
about thecontent and the end goal, the learners, and thedémgy can only be dor
through consideration of how the teachers’ knowtedqgd beliel influenced the
decisions they made during planniTherefore, the following research questions
significant to understanding why, for example, wiesiking decisions about the learne
the teachers mainly focused on building backgrdummvledge for the class as a wh

instead of considering how thechnology could address specific learning ne
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The Influence of Teacher Beliefs on Planning for Tehnology Integration
My third research question asked: How do teachkgfbenfluence planning for
integration of technology in the classroom? Altlod teachers strongly believed that
technology had a place in daily instruction in edéentary classrooms and | found
technology present in some way in all of the obséitessons. Three main beliefs
emerged from the three teachers | studied:
e Technology engages students in the content andatesi them to learn the
content,
e Technology helps to build background knowledge Xposing students to content
beyond the classroom walls, and
e Technology exposes students t6'2&ntury skills vital to success beyond
elementary school.
Beliefs about technology influenced the way eacthefteachers planned for technology
integration. For example, all three teachers retulegsed video clips to expose their
students to the content they were teaching as hadetf building background
knowledge prior to teaching the content. Ella sipeadiy explained that, in addition to
building background knowledge, she used video @igke beginning of her lessons to
engage her students in the lesson because vigesovadire similar to television and video
games, popular among her students. To integrate@itury skills into instruction, Ella
included products to assess student learning titaiugaged collaboration and
communication, such as when her students researdisedssed, and presented

information on monuments and memorials in WashimgC. Hope and Jan planned for
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technology integration daily in an attempt to bedge digital divide they believed their
students experienced. Jan specifically plannedhfaments of technical instruction, such
as learning features of the Smartboard, duringdssons to expose her students to the
technological knowledge she felt they needed iriotd compete with students from
other schools beyond elementary school.

Research in the field of technology integrationtegdhat teachers’ beliefs about
technology influence the way technology is usethenclassroom (Angers & Machtmes,
2005; Ertmer & Ottenbreit-Leftwich, 2010; Hermansk, 2008; Pajares, 1992; Penuel,
2006; Sandholtz et al., 1997; Windschitl & Sahl)2)p | found this to be the case with
the three teachers in this study. Teachers whe\eethat technology has value in the
classroom and have mastered using it are at letds¢ appropriation stage of technology
integration (Sandholtz & Reilly, 2004; Sandholtakt 1997). Reaching the
appropriation stage allows teachers to experiméhtways the technology influences
content and pedagogy, as they progress into tlention stage (Sandholtz & Reilly,
2004; Sandholtz et al., 1997). Therefore, in ofdeteachers to develop their knowledge
of content, pedagogy, and technology, they nedetlieve in the use of technology in
their instruction (Sandholtz et al., 1997). For thachers in this study, beliefs influenced
the way that they planned because they believduhtdogy had a role in their daily
lessons, specifically to build background knowledgd expose students to technical
skills. As the teachers continue to develop thehnhological content knowledge (TCK)
and technological pedagogical knowledge (TPK) angerinto the invention stage

(Sandholtz & Reilly, 2004; Sandholtz et al., 199fgir beliefs about technology may



209

also develop and deepen. For example, insteactaosiiog on using technology primarily
as a method of exposure to the content afitc@mtury skills, these teachers may see the
value of technology for differentiating the contgortoviding multiple methods of
representation of the content, and addressingfepksarning needs, which, in turn,
would influence the decisions the teachers madatabtegrating technology during
instruction. However, as | will address later, pssional development for content-
specific uses of technology may be needed to lealghiers become more knowledgeable
about other ways to use technology than those teyscurrently believe are important.
The Influence of Teacher Knowledge about Technologyedagogy, Content, and
Learners on Planning for Technology Integration

My fourth research question asked: How does a tgacknowledge about
technology, pedagogy, content, and learners infledrer planning of meaningful lessons
that integrate technology? Ertmer and Ottenbreftwieh (2010) recommend that
teachers integrating technology have knowledgeatatvs them to (1) align
technologies to specific learning goals; (2) chaesdnologies for various phases of the
learning process; and (3) select appropriate tdolgres to address issues and needs. The
teachers in this study exhibited knowledge of atigntechnology to learning goals,
choosing technology for different phases of thenggy process, and selecting
technologies to address those needs. Howevelkimgta closer look at teacher
knowledge in this study, | discuss teacher knowdealg)it is represented as an interaction
between teachers’ Technological Pedagogical Coteatviedge (TPCK) framework

(Mishra & Koehler, 2006) and teachers’ knowledgéheir learners. When teachers are
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thinking within the TPCK framework, their consideoas of technology, pedagogy, and
content are interconnected as they are makingidasiabout instruction. Although the
authors of the TPCK framework locate knowledgecafhers under pedagogical
knowledge, | believe that teachers’ knowledge oftent, pedagogy, and technology, as
well as the relationships between the three typé&sanvledge, all operate within the
context of teachers’ knowledge of learners (seeargid in Chapter 1). | assumed
teachers are constantly thinking about what theykabout their students as they are
considering what they know about content, pedagang,technology and | found this to
be true to some degree with the three teachercpatits, which | discuss in more detail
below.

Knowledge of technology and technology integrationAlthough the teachers
did not begin lesson planning with technology imdyitheir knowledge of technology
was evident in how they planned for technologygraéion. | did not give the teachers a
survey to determine their comfort levels with teclogy because | was mainly concerned
with their planning; however, it is interestingrtote that each teacher exhibited
confidence in using various technologies duringrutdion, which | believe influenced
how often they considered integrating it duringnplimg. Technological knowledge is
always changing because technology available toadsland teachers is always
changing (Ertmer & Ottenbreit-Leftwich, 2010; HarrMishra, & Koehler, 2009).
Therefore, it is common for teachers to be intiredaby the use of technology in the
classroom because it makes them feel like noviaehirs again (Ertmer & Ottenbreit-

Leftwich, 2010) due to a lack of confidence in thadility to integrate technology and a
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feeling of not being prepared to use it in the lasm (Moore-Hayes, 2011). However,
this was not the case for the three teachers srsthdy.

Related to technological knowledge is a teach@isedficacy beliefs about being
able to use technology successfully. Teachers wlcbnfident in their ability to
integrate technology tend to spend more time usimgthe classroom, which in turn
helps them develop their knowledge of how diffetechnologies work and improves
their trouble-shooting capabilities (Ertmer & Otbeait-Leftwich, 2010; Moore-Hayes,
2011). Although the teachers in this study didspscifically articulate their confidence
in using the technology in the room, they alsorthti suggest or display any lack of
confidence in using the technology. In fact, atethteachers spoke decidedly about the
technology they wanted to integrate, only wavemign considering logistical issues
that may arise during the lesson. Based on mypre&ation of how they planned, being
able to predict the logistical issues was anotheicator of the teachers’ technological
knowledge stemming from experience with technoldgyr. example, during the Think
Aloud interviews and in other interviews, all oktteachers discussed logistical issues
that centered on the technology. These issues,asutiie slow boot-up of the Netbooks
or only having two iPod Touches, caused the teadioegither rethink the direction they
were going with the lesson or to plan accordinglpider to alleviate the issues. One
example of this was planning Netbook activitiessamutively to avoid having to shut
down and restart the computers.

Knowledge of pedagogy and technology integrationdarris et al. (2009)

describe technological pedagogical knowledge (TPK):
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Technological pedagogical knowledge is an undedstgnof how teaching and
learning change when particular technologies ageé.uEhis includes knowing the
pedagogical affordances and constraints of a rahtgehnological tools and
resources as they relate to disciplinarily and tigraentally appropriate
pedagogical designs and strategies. (p.398)
All three teachers stated that one of the readmsdhose to use technology was to
engage and motivate their learners because theghihéechnology made the content
more relevant to their students. In this case, thene thinking about using technology as
one way to represent the content that their learneeded. Ella consistently represented
the content in multiple ways, usually through clelus literature and technology. All
teachers used technology as a strategy for builsagyground knowledge. Jan
specifically considered how the Smartboard supgdiie manipulation of notes for the
students during music composition. Therefore, wres ways, the teachers were
considering how the technology related to bothcthrtent to be learned and the
instructional strategies to teach the content. Hawd believe the teachers were
operating on the surface level of TPK, and whewy theggin to more purposefully
consider using technology to afford specific sae targeting specific learners in the
classroom, they will move deeper within TPK.

Knowledge of content and technology integratior:Technological content
knowledge (TCK) includes an understanding of themea in which technology and
content influence and constrain one another” (ldatial., 2009, p. 399). Based on this
definition, thinking about content and technologyn@taneously may just be the surface

level of TCK. When thinking about the content thegnted to teach, all three teachers

also began thinking about the technology in theamms. Most often, they thought about
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using the technology to build or activate backgbknowledge of the concept. Only Jan
appeared to consider how the technology couldenite the content with one example
being how the use of the Smartboard changes masipasition for her students. |
believe this is probably because Jan’s TCK was eleepcause she specialized in music
content, whereas Hope and Ella were elementaryrgksts teaching several subjects.
Although Jan had a better idea of the interactarelationship between content and
technology, | believe TCK for all of the teacherasadeveloping. They did not see
content and technology as separate entities, bytalso did not always consider how
content and technology influence or constrain edhbr.

Knowledge of learners and technology integrationFor all three teachers,
knowledge of their learners influenced the way thieynned for technology integration.
Themes of building background knowledge, addresiagligital divide, and developing
technical skills for their students’ future emergadoss the cases as these things were
related to their knowledge of their learners.

Building background knowledgeCommon to all the teachers was the idea that
technology exposes students to content and therafing technology is one way to
build background knowledge for learners. All thteachers believed that using
technology to build background knowledge alloweehtito expose the students to
elements of the content that they a) would notiseetextbook, and b) may not
experience out of school. For example, all threehers used video clips to build
background knowledge either prior to teaching threcept or at the beginning of the

lesson. Although using video for building backgrdikkmowledge is universal across



214

content areas, Doolittle and Hicks (2003) spedifycsite the use of technology to build
background knowledge as an effective strategydonriology integration in social
studies.

Digital divide. Two out of three of the teachers referenced dalidivide
between the students at their schools and studentser schools in the district due to a
lack of technology at home and in other classrofimghe children at their schools.
Although all of the schools in the study, and ia thstrict, provided some access to
technology for all of the teachers in the schoathsas computer labs, laptop carts, and
mobile interactive whiteboards for check-out, thwmgity and quality of access to
technology was still uneven, a theme also presetitd literature (Crawford, 2011;
Hertz, 2011). Jan, the music teacher, especialigidered herself an advocate for using
technology to reduce the digital divide for all #tedents in the school because she saw
every student at least once a week.

Developing technical skillsProviding economically disadvantaged students
access to technology is vital to their successithlzeyond elementary school (Mouza,
2011; Page, 2002). All three teachers explicitgognized the need to provide exposure
to technology in the classroom to both enhancedméent and integrate technical skills.
Two out of three of the teachers expressed corfoetheir students not being able to
compete with other students in the district if timegved schools, due to the transient
nature of the school population, and thereforescmusly integrated technical skills into
instruction. For example, Jan allowed for timedacdh the students how to navigate the

Smartboard tools during class hoping that they danansfer the knowledge to other
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technology applications and share the knowledgke thieir general classroom teachers.
Hope spent a considerable amount of class timéitegbter students how to edit work in
Microsoft Publisher, again with the idea that ti@wledge would transfer to similar
applications in their future.

Putting it all together.The ideas of building background knowledge, addingss
the digital divide, and developing technical skififuenced the decisions the teachers
made when planning. Because the teachers beliedggtal divide existed between their
students and other students in the district dweléek of technology at home and in other
classrooms, they assumed that this limited thaedtestts’ exposure to videos, games,
websites, and other technology that might helpuitddackground knowledge and
technical skills. Therefore, the teachers beliavadhs their responsibility to provide the
exposure to technology in the classroom that theesits lacked at home and in previous
grade levels. Using video clips to the build backgrd knowledge was a common
practice to accomplish this goal for all three te&s. Through the integration of
technology to expose the students to content arhieal skills, the teachers hoped to
reduce the digital divide that existed for theudsnts. However, when thinking about the
learners during planning there were some missedrapputies for individualized
instruction.

Addressing specific learning needall three teachers tended to discuss the use
of technology to benefit their students as a wietdss rather than how they could use
technology to differentiate the content for indivadl needs. During one Think Aloud

interview, Ella described how she planned to useotiline comic strip creator to
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differentiate product requirements for her studetien teaching point of view. She
explained that the gifted students, who also rexkgifted pull-out services, would
complete multiple panels, whereas the studentsstilggling with point of view would
complete one panel. Although Ella was specificdlfferentiating for groups of students,
she was focused on the product and assessmem stiutlents rather than how the
technology could meet the needs of those learkiese consistently considered the
needs of her students when planning; however, shead discuss ways she could target
individual needs of the students using the techgyol®eyond using the iPad videos to
build background knowledge for all of the studedis the technological content
knowledge (TCK) and technological pedagogical kremge (TPK) of these teachers
continues to develop, they will better understaod lechnology can support or change
the way they can differentiate the content to laerled, the learning process, and the
products of learning to address specific studearhiag needs in their classrooms.
Using TPCK and the Lessons from the ACOT Studies as Framework for the
Influence of Teacher Knowledge on Planning for Teamology Integration

Each of the teachers strongly believed in the fiseabinology in the elementary
classroom, and although they did not consider thasstarting point for their planning,
they always considered integrating technology atespoint in their lesson planning. To
me, this indicates that they believe that technplisan integral part of their lessons, just
like the content they are teaching and the wayg tberesent the content during
instruction. The teachers did not choose a teclgydiool to plan around; instead, they

appeared to be thinking about content, pedagoglytenihnology concurrently. However,
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based on my interactions with and observations®téachers, | do not believe that they
were all operating consistently within the centethe TPCK framework. In my opinion,
these teachers’ technological content knowledgeK(T&hd technological pedagogical
knowledge (TPK) are still developing.
Developing TCK and TPK

How can the teachers in this study have strongi@olyical knowledge and still
be developing their TCK and TPK? Knowledge aboattdthnology they are using is
more than just having strong technical knowledgeachers need both more complex
understanding of technology, but also of content @edagogy. After studying the Apple
Classrooms of Tomorrow (ACOT) Project for 10 ye&andholtz et al., 1997 found that
teachers moved along a continuum, that they callexStages of Instructional
Evolution, when learning to integrate technologlye Btages are described in more detail
in the Apple Classrooms of Tomorrow section of Ghafl, but in summary, a) in the
entry stage, teachers are still learning the baditschnology integration, b) in the
adoption stage, teachers are successfully usihgodagy on a basic level consistent
with existing instructional practices, c) in theagthtion stage, teachers use technology
more frequently and purposefully, d) in the appian stage, teachers use technology
effortlessly to accomplish instructional and mamaget goals, and e) in the invention
stage, teachers use technology in new ways to ge#1 century skills and customize
learning to meet student needs (Sandholtz & Reélll4; Sandholtz et al., 1997).

| consider all of the teachers in this study tarb&he appropriation stage but

working toward the invention stage of technologiggration as they continue to develop
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their technological content knowledge (TCK) anchtemlogical pedagogical knowledge
(TPK). In the appropriation stage, teachers havetenadusingtechnology in the
classroom and recognize the benefits of integragngnology for teachers and students.
All three teachers in this study have strong tetdgioal knowledge and believe in the
value of using technology in the classroom. Inittvention stage, teachers display
mastery of using technology to experiment in newsma enhance the content and meet
diverse student learning needs. The teacherssrstady are at the stage of using
technology in new ways to support the content aadnlers, however, because
technology is always changing, the invention siage ever-evolving process of
learning. Further, | believe that getting to theeintion stage may require deeper content
knowledge. With the exception of the music teachan, who had deep knowledge of her
specific content, the other teachers were stilettgying deep content knowledge of the
subjects they taught, as well as how to teach tlagich how to integrate technology in
content-specific versus more generic ways.

Reaching the invention stageHow could the teachers in this study move in to
the invention stage? At the invention stage, teacaee experimenting with new ways to
use technology in the classroom with an understenoi how the technology influences
teaching and learning. To move from the appropmasitage to the invention stage,
teachers need to begin to recognize how technotdiyences content and pedagogy and
vice versa, also known as technological contentedge (TCK) and technological
pedagogical knowledge (TPK) (Mishra & Koehler, 2(%s teachers begin to use this

knowledge to make decisions about technology iategr during planning, they move in
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to the invention stage. However, | believe thatithvention stage is a cyclical sta

instead of a final stage in the process of insiouned evolution. As teachers learn ab

new technology tools to integrate in the sroom, they are challenged to use their T

TPK, and knowledge of learners to determine therdéfnces and limitations of using 1

technology to effectively teach the content. Figl@erepresenthow | now sedhe

progression of knowledge between tlppropriation stage and the invention stage.

important to note that the arr from appropriation to invention only flows in o

direction.

Figure 10

Reaching the Invention Stag

How does technology influence the content and vice versa?

/_ Appropriation Stage
- Technical knowledge

instruction

- Believe technology has a role in
meaningful instruction

N

- Master using technology in

“\

>

(.

/"

Invention Stage

TCKand TPK  New technology tools

/

How does technology influence pedagogy and vice versa?

| believe that once teachers begin to develop ek and TPK, they do not move ba

into the appropriation stage because they areitegata consider content and pedagc

rather than just their technological knowledge wim¢egrating new technologools. As

the teachers encounter new technology tools, TGKT&K continue to develop. Tt
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teachers in this study are beginning to consider teahnology influences content and
pedagogy so | would place them on the arrow motomgard the invention stage. Out of
all of the teachers, Jan, the music teacher, geskato entering the invention stage due to
the deep content knowledge that she referencdseas planning for technology
integration. When thinking about her use of techgglto make music composition
comprehensible and accessible to her studentsyasoperating within the invention
stage. However, overall, all three teachers needtinue to develop their TCK and
TPK to move past the appropriation stage. With deepnological knowledge and
strong beliefs about the value of technology indlassroom, the teachers are at the right
stage for supports that would help them to stankthg within the TPCK framework.
Supporting TCK and TPK at the invention stage throwgh curriculum-
focused technology professional developmer®@ne way to help support and move
teachers into the invention stage is to providehees with technology professional
development focused on specific content and pedegiogpntent knowledge goals
(Sandholtz & Reilly, 2004; Sandholtz et al., 19 \irrently, most professional
development for inservice teachers tends to foousow to usethe technology tool,
leaving curriculum-based decisions about how, veimgl when to integrate technology
into particular content areas up to the teacheesr{$] 2005; Harris & Hofer, 2011). As
mentioned earlier, new technology can make teadbeldike novices when they are
unsure how to integrate the technology into insiomc(Ertmer & Ottenbreit-Leftwich,
2010). Therefore, teachers often leave technologfepsional development knowing the

basics of how to use a tool, but not how to malasitens about when it is appropriate to
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integrate the tool into instruction. Findings froine ACOT studies also indicated that
professional development was more successful wiefotus was on the curriculum
content rather than on the technology (SandholRedlly, 2004; Sandholtz et al., 1997).

Curriculum-focused technology professional develeptimay influence the
technology that teachers choose to integrate, amplost teachers in reaching the
invention stage of technology integration by havimgm experiment with new ways to
integrate technology to meet the needs of studeyitsy to learn specific content (e.g,
math or reading or science). The teachers in thidygended to use universal technology
tools, such as technology hardware (iPads or N&opbvideo), word processing tools
like Microsoft Word, and presentation tools sucliPasverPoint and Prezi. However,
displaying her deeper content knowledge, Jan detraded knowledge of music
composition software available for music teachEisyever, she did not use it in her
classroom, perhaps because she used the Smartboardsic composition. Overall,
what was missing in this study, that would be enadeof teachers who have already
reached the invention stage, was the inclusiopetialized content area technology
tools. For example, when studying Native Amerigéres in social studies, perhaps Ella
could have located a primary document online froenNational Archives for the

students to examinéitp://www.archives.gov/research/native-americprms/as part of

the students research time on monuments and mdsiori/ashington DC, they could
have taken a virtual tour, such as the Nationat$&ervice’s virtual tour of the Lincoln
Memorial

(http://lwww.nps.qgov/featurecontent/ncr/linc/intemaetdeploy/index.htm#/introduction
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When Hope had her students create bar graphs dueirtgr time from her iPad video,
but they could have also visited the National Lipraf Virtual Manipulatives

(http://nlvm.usu.edu/en/nav/vlibrary.htpjrds another way to explore bar graphs before

creating their own. The Technology and the Conkertis section of Chapter Il provides
multiple ways technology can be used specificaithiv content areas, but | did not
observe many of those tools being used in these ttiassrooms. Perhaps this is because,
as the ACOT studies (Sandholtz & Reilly, 2004; Sait et al., 1997) showed, this
takes at least 3-5 years and these teachers hatieam teaching in technology-rich
settings for less than three when this study tdakep

Swan and Hofer (2011) suggest there is a plaassinuction for both universal
and specialized technology tools. Each technologydffers affordances and constraints
to content and pedagogy. It is up to the teachantterstand those affordances and
constraints and make appropriate decisions aboehwahd how to use the technology
(Swan & Hofer, 2011). One factor influencing thpeyg of tools teachers tend to integrate
is curriculum-focused rather than tool-focused gessfonal development. With a more
curriculum-focused approach to technology profesdidevelopment, teachers may be
more aware of specialized content area tools &eait® them. Because all three teachers
were comfortable with technology and valued itelan their classrooms, | believe they
would benefit from professional development focgsam specialized content area tools
and developing their technological content knowke{IBCK), allowing them to move
into the invention stage of technology integratibhese findings have implications for

teacher educators, teachers, and administratorarardiscussed below with
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recommendations for future steps.
Implications of the Study

The findings from this study have implications feacher educators, teachers,
and school and district leaders and are discussgreater detail below.
Teacher Educators

Due to increasing accessibility to technology ihas today (Gray et al., 2010),
it is important for teacher educators to understhedlecisions teachers make when
integrating technology in order to guide preserteachers to learn to make good
decisions while planning. In preservice teacheparation programs, elementary content
methods courses provide a logical environment émsiering content, pedagogy,
technology, and learners when integrating technoiot instruction. This study offers
three detailed cases of factors influencing teabgwintegration during planning that can
be used as examples for preservice teachers. Rgohegervice teachers could use these
cases to begin to first understand their own bekdiout technology and knowledge of
content, pedagogy, and technology, and then taadeginderstand how their beliefs and
knowledge influence the decisions they make whanmphg lessons. Armed with this
knowledge, preservice teachers may see the immaraindeveloping their content
knowledge and finding content-focused technolothas will help their students develop
deeper knowledge of content. With this informatioraybe preservice teachers will be
more purposeful in planning ways to integrate tedbgy, and seek out professional
development in areas where they find themselvegjugeneric rather than content-

specific technology in their teaching. Howeversttequires that methods teachers know
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about and model the use of content-specific tedyyolor preservice teachers, and make
explicit the benefits of using content-specifichteclogy versus generic technology for
teaching their subject matter.

Preservice Teachers’ Beliefs about Technology Integtion. Understanding
how preservice beliefs about technology and legraimd knowledge of content,
pedagogy, technology, and learners influence tdolggantegration is significant to the
success of teaching technology integration in tihrdent methods course. Preservice
teachers often hold beliefs about teaching stemrinorg experiences they had as
students.

Teachers enter the profession with deeply heldbnstabout how to conduct

school —they teach as they were taught.... If be@jefgern behavior, the process

of replacing old beliefs with new becomes critigathportant in changing

educational practice in schools. (Sandholtz etl@by7, p. 36)

If teachers’ beliefs about integrating technologn e changed (Levin & Wadmany,
2006; Staples, Pugach, & Himes, 2005; Sandhokit. £1997), then methods courses
seem to be the place to start to initiate changésa way preservice teachers think about
using technology in the classroom.

In order for beliefs about technology to changesprvice teachers need to
experience integrating technology into instructiBaginning methods courses with a
survey of the preservice teachers’ beliefs abattrielogy integration and comfort levels
with using technology may help to identify whereg®ervice teachers fall on the stages of
instructional evolution continuunsandholtz & Reilly, 2004; Sandholtz et al., 1997)

Integrating technology into methods courses as plesrior preservice teachers, and
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providing them with assignments, such as plannimjtaaching practice lessons, that
encourage the integration of technology would gikeservice teachers more
opportunities to experience technology integradod encourage them to move along the
continuum. As preservice teachers more along tgestof instructional evolution
continuum and begin to integrate technology in monevative and purposeful ways,
their beliefs about technology may also shift &yttecognize the benefits of technology
use for students (Sandholtz et al., 1997). Becengst of today’s preservice teachers are
members of the Millennial generation (Schrum & Lg\2009), they may enter methods
courses at the adoption or adaptation stages, kigolmow to use technology at a basic
level, but still teaching as they were taught, eatinan understanding how the use of
technology can change teaching and learning (Sdizdétcal., 1997). Therefore, in
addition to changing preservice teachers’ belibfsuatechnology through real classroom
experiences with technology integration, teachecatbrs should also work with
preservice teachers to develop their technologiedhgogical content knowledge
(TPCK) (Mishra & Koehler, 2006).

Preservice Teachers’ TPCKAIlthough the majority of preservice teachers are
part of the Millennial generation (Schrum & Levi0Q09) with greater exposure to
technology growing up, teacher educators shouldgsstime that preservice teachers
understand the relationships between content, pegagnd technology. However,
because current preservice teachers may have loacidgknowledge in using
technology, such as word processing, gaming, acidlsoedia, learning to use

technology in the elementary classroom may develogkly, given the right technical
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and instructional support (Sandholtz & Reilly, 2D04 this case, preservice teachers

could be at the adoption or adaptation stages Wwkgmning methods courses because

they know how to use basic technology in the ctamsr, but they do not necessarily

understand how it changes teaching and learningchlee educators should capitalize on

the technological knowledge preservice teachers bgnexplicitly discussing how

technology influences content and pedagogy andwacea. For example, when teaching

music composition, how does being able to manipula¢ notes on the Smartboard

change the way the students perceive and accestethef composing music? When

considering technology integration in the methoalsrse, time should be left for

discussions of the pedagogical affordances andadtians of using the technology to

teach the desired content.

The following are recommendations for teacher athrs:

e Be aware of the preservice teachers’ beliefs atemininology and learning. In this

study, beliefs about technology influenced the wWegyteachers planned for

technology integration. Begin methods courses wisirvey addressing beliefs

about technology and comfort level with using tesdbgy.

e Model technology integration in methods coursegesking concerns preservice

teachers may have about integrating technologychera’ beliefs about
technology can change given the right support (bé&/Wadmany, 2006;

Sandholtz & Reilly, 2004; Sandholtz et al., 199%ples et al., 2005).

e Capitalize on the strong technological knowledgesinpoeservice teachers have.

Help them transfer this knowledge to technologydugseslementary classrooms
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by integrating it into your own lessons as examgieshis study, the teachers’
strong technological knowledge contributed to tlsemfidence in integrating
technology. This knowledge allowed the teachergtognize and plan for
possible barriers to integrating technology intdipalar lessons, which
contributed to the successful use of technologh@éxclassroom.

Offer multiple opportunities for preservice teachtr practice integrating
technology, such as through lesson plan creatioadquiring practice lessons.
Beliefs about using technology can change as prieseteachers recognize the
benefits of using technology in instruction (Santhet al., 1997). Success with
technology integration occurs on a continuum, sagthe Stages of Instructional
Evolution model, but preservice teachers can mawggathis continuum faster
with targeted technical and instructional suppemiethods courses (Sandholtz &
Reilly, 2004; Sandholtz et al., 1997).

Develop your own technological content knowledg€K) by seeking
professional development, webinars, or publicatibias highlight technology use
in specific content areas. Also, find examplesathluniversal and specialized
content area technology tools being used in theetary classroom.

Develop your technological pedagogical knowledgeKY by seeking
professional development, webinars, or publicatibias focus on how technology
changes teaching and learning.

Explicitly consider the pedagogical affordances eoistraints of integrating

particular technology into lessons (Harris et2009).
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Seek professional development that addresses tesihgology to specifically
support different learning needs and model andudsthis integration for
preservice teachers in your own courses.

Integrate universal and specialized content adantdogy tools into your lessons
as examples for preservice teachers. Discuss éxaseples highlighting how the

technology influences content and pedagogy.

To begin considering these recommendations, teatherators should model asking the

following questions during planning:

What technology tool(s) am | going use in my le§son

Did | consider the content | was teaching whendsehthe technology?

Is the technology tool specific to the content areaniversal to all content areas?
Does the technology change or influehosvl am going to teach the content?
Did | specifically think about different learnersmy class and how the
technology might meet their needs?

Are all of my students going to be doing the samegt with the technology? Is

this appropriate given the needs of my students?

Teachers

Beliefs about technology and knowledge of technplaigd how it interacts with

content and pedagogy were factors that influenkbedvay the teachers in this study

planned for technology integration. These findihgse implications for teachers. As

schools gain greater access to technology (Gral,&2010), teachers need to recognize

how technology changes teaching, and the learriegrident. Successful technology
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integration requires some degree of change in leaghers do their planning and deliver
instruction (Ertmer & Ottenbreit-Leftwich, 2010; Bahelle et al., 2000; Windschitl &
Sahl, 2002). Successful technology integration edsjpiires knowledge of the
relationship between the content they are teaclhingghest practices for teaching that
content, and the most appropriate technology tiascould be used to integrated to
teach the content, also known as Technological gegeal Content Knowledge (TPCK)
(Mishra & Koehler, 2006).

The teachers in this study had strong technolbgmawledge, which gave them
confidence when integrating technology despitef@ssible first-order barriers, such as
time constraints, technical issues, and technalbgtwas not 1:1 (Ertmer et al., 1999;
Sandholtz et al., 1997). However, in addition ht®logical knowledge, they also had
developing technological content knowledge (TCKJ &chnological pedagogical
knowledge (TPK), which allowed them to begin to ersiand how technology influences
content and pedagogy. With additional time spemeligping TCK and TPK, the teachers
in this study could be thinking within the hearttbé TPCK framework, consciously
considering the relationship between technologgiagegy, and content. To do this, even
when first-order barriers of access to technolagyramoved, teachers need to
participate in technology professional developntkat addresses content and
pedagogical goals, rather than just explaiiog/to use a technology tool. Findings
from the ACOT studies suggest that technology msémal development that focused

on curriculum rather than technical skills was mg&uwecessful at encouraging teachers to
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integrate technology into instruction, but thiskdbree to five years on average
(Sandholtz & Reilly, 2004; Sandholtz et al., 1997).
The following are recommendations for teachers:

e Develop your technological content knowledge (T®K)seeking professional
development, webinars, or publications that hidttligchnology use in specific
content areas. Also, find examples of both univeasd specialized content area
technology tools being used in other elementargsctaoms.

e Develop your technological pedagogical knowledgeKYby seeking
professional development, webinars, or publicatibias focus on how technology
changes teaching and learning. Consider the pedad@dfordances and
constraints of integrating particular technologiilessons (Harris et al., 2009).

e Seek professional development that addresses tesihgology to specifically
support different learning needs of your studemtsrder to use technology as a
tool for differentiating content, process, and prcig.

e Integrate specialized content area technology tiotdsyour lessons. Choose the
tool most appropriate for addressing content amthgegical goals.

e Collaborate with other technology-using teachengat school and in your
district, especially if you are at the inventioage, ready to experiment with new
ways to use technology (Sandholtz et al., 1997).

To begin to consider these recommendations, teasheuld ask themselves the
following questions when planning:

e What technology tool(s) am | going use in my le§son
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e Did I consider the content | was teaching whendsehthe technology?
e Is the technology tool specific to the content aeaniversal to all content areas?
e Does the technology change or influehosv|l am going to teach the content?
e Did I specifically think about different learnersiny class and how the
technology might meet their needs?
e Are all of my students going to be doing the sahmegt with the technology? Is
this appropriate given the needs of my students?
School and District Leaders
Finally, this study also has implications for schawd district leaders. Because
they are in a position to support teachers asititegrate technology, school and district
leaders need to understand the how teachers’ balnef knowledge influence the way
they plan. The teachers in this study had strodignelogical knowledge, but were still
developing their technological content knowledg€K) and technological pedagogical
knowledge (TPK). Therefore, they would benefit fronefessional development that
specifically addresses how technology influencashiag and learning in specific
content areas. A teacher lacking technological kedge would also benefit from
technology professional development that focusesuonculum. Although the addition
of technology often makes teachers feel like na/mgain (Ertmer & Ottenbreit-
Leftwich, 2010), technology professional developtrteat focuses on curriculum
capitalizes on teachers’ strengths (Sandholtz &yR&004), ultimately making them
feel more confident using technology in the clagsroSchool and district leaders do not

have to be technology experts, but should positisapport its use during instruction
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(Davis, 2009), which can be done through providexhnology professional
development that focuses on content and pedagdiggrrdhan on just the newest tools. In
addition to providing professional developmenttiEachers, school and district leaders
should continue to develop their own TCK and TPKinaderstand the affordances and
constraints technology offers to content and pegggo

The following are recommendations for school aistridt leaders:

e Offer professional development that focuses on jesitices for using
technology in specific content areas, even for elgary school teachers.

e Compare the benefits and drawbacks of universakprdialized content area
technology tools appropriate for the elementaryiculum.

e Provide technicaand curriculum support to teachers integrating tecbgyl

e Collaborate with local universities for technicaldacurriculum technology
support for teachers.

e Encourage exemplary, technology-using teachers tedcher leaders by leading
technology professional development, teaching miedsbns that integrate
technology, and mentoring other teachers as treyfpk technology integration
(Sandholtz et al., 1997).

e Develop your technological content knowledge (T®K)seeking professional
development, webinars, or publications that hidttligchnology use in specific
content areas. Also, find examples of both univeasd specialized content area

technology tools being used in the elementary od@ass to share with teachers.



233

Develop your technological pedagogical knowledgeKY by seeking
professional development, webinars, or publicatibias focus on how technology
changes teaching and learning in specific contezstisa Consider the pedagogical
affordances and constraints of integrating pardictéchnology into lessons
(Harris et al., 2009).

Seek professional development opportunities forsgelland teachers that
addresses using technology to specifically supgiffdrent learning needs of

students.

When observing teachers using technology, schadkeles should consider the following

guestions:

What technology tool(s) is the teacher using? Weetinology tool(s) are the
students using?
Is the technology specific to the content area?
Is the technology appropriate given the conterdaare
Does the technology change or influence the wayeheher teaches the content
or the way the students access the content? lappi®priate?
Are all the students always doing the same thirtg thie technology or is the
technology use/tool differentiated based on need?

Limitations

A limitation of this study is that the three fotahchers are extreme cases. These

cases are unique in that the limitation of firslerbarriers regarding access to

technology was not applicable in their cases (Erthal., 1999). Although technology is
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becoming more affordable and accessible to sci{@elsuel, 2006; Warschauer, 2006;
Windschitl & Sahl, 2002), most teachers currentiyndt have access to as much
technology on a daily basis as the three parti¢goenthe study (Gray et al., 2010).
Therefore, findings from this study should be cdesed as they relate to the varying
amounts of technology in teachers’ classrooms. Wewat is important to remember
that the focus of the study is on how the teacpkns for technology integration given a
technology-rich classroom, rather than on whatsttloey have in their classrooms.
Another limitation to this study is that each papant was awarded a school system
specific technology grant. Although Google seardtesv that nationwide technology
grants and contests are available through orgaoimsasuch as Digital Wish

(http://digitalwish.com/dw/digitalwish/hom@nd companies such as Smart Technologies

(http://smarttech.cory$20,000 grants awarded through school systenysnotzbe

common. The grant awarded to the teacher partitsptrerefore, makes these cases
unique.

This study only focused on inservice teachersahnelogy-rich classrooms to
examine how teachers plan for technology integnafidissing from the study are the
voices of the administrators whose leadership @ligit influence the way the teachers
integrate technology in their lessons. Also missmog the study are considerations for
how preservice teachers are currently being tatogplan for technology integration.
These additional voices can be examined throughidutsearch on planning for

technology integration.
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It is important to also consider the context of sh&dy as a possible limitation.
Situated within the same district, two out of thod¢he schools were designated Title-l,
serving similar populations. Therefore, the deaisithe teacher participants made during
planning, particularly to build the background knegge the students lacked, may not be
to the same as decisions other teachers would thakgg planning for technology
integration. The timing of the study as relateth®new Common Core State Standards
initiative is also a possible limitation to the @yu Data were collected during the first
semester of implementation of Common Core Statedatals for all three teachers.
Because the Common Core State Standards were doyyesl in Math and Language
Arts for the 2012-2013 school year, only two oftof the teachers were directly
affected. However, the Music teacher planned wathegal classroom teachers, taught
remediation in several content areas, and led gsadeal development in writing so she
was also experiencing the transition to the Com@ore State Standards as well.
Although the teachers did not explicitly say the Common Core State Standards
influenced the decisions they made during planfingechnology integration, it is
important to consider this transition period iscggble limitation to the study.

In addition to limitations concerning these pagasts and the context, data
collection was limited to one academic semesteraayglthree cases. Although having
three teacher participants allowed me to spend tnoeewith the teachers, the findings
from this study are not generalizable to otherlieess However, the purpose of this
multiple case study was never to generalize thairigs to other teachers, but rather to

present three descriptive cases of teachers plaifoiriechnology integration and my
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interpretation of common patterns and themes faandss those cases. If | were to
replicate this study, | would extend the time speitih the teachers to include more than
two Think Aloud interviews and to allow for morepatunities to discuss decisions
made during planning. An extended time frame faadallection, such as a full
academic year, may show changes in the teachersiatogical content knowledge
(TCK) and technological pedagogical knowledge (TBK}hey spend more time with the
technology and better understand their studerdshlag needs. Only collecting data for
one semester limited the chance to see any growttieiteachers’ TCK and TPK.

Finally, it is also important to consider any liatibns my role as a researcher
presents to the study. Although | do not work with teachers now, at one time | met
them through my role as the Lead Teacher of Eleangritechnology in their school
system. In that role, | was responsible for the@haent of interactive whiteboards in all
three teachers’ classrooms and laptop computevgoiout of three of the teachers’
schools. | also facilitated the district technoldggdership group, of which all three
teachers were members. However, my role as Leach€edid not place me as the
teachers’ superior, and it has been more than ffeass since | was in that role. In
addition to having a prior relationship with thadeer participants, my own knowledge
of technology integration is a potential bias the¢ds to be addressed. My own
knowledge and experience may be a limitation bexatithe potential for it to influence
my interactions with the teachers and my interpi@ta of the data | collected.

| used several validation strategies to mitightse limitations (Maxwell, 2005;

Yin, 2009). First, the rich description of eacheaiows for transferability because the
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readers of these cases can determine whethenthiads are transferable to other
settings due to familiarity with similar characsgits (Creswell, 2007). Second, | used
member checking (Creswell, 2007), by having théiggpants read their cases and offer
feedback, to make sure | presented an accuratepalbf each case. Third, although |
did not have additional observers or coders, | uselfiple data sources to triangulate my
findings (Creswell, 2007; Yin, 2009), including rtiple observations, multiple formal
and informal interviews, plus two think-aloud intews. Finally, | made it clear to the
participants in the initial interview that my rae a researcher was not to evaluate them,
but rather to learn about the decisions they weaakimg during planning for technology
integration.
Implications for Future Research

The findings from this study suggest implicatidoisfuture research including:
1) additional case study examples of the decidieashers make that influence
technology integration during planning to inforna¢ber educators, teachers, and
administrators; 2) examples of existing technolpgyfessional development focusing on
developing content and pedagogical knowledge asaeto technological knowledge in
elementary content areas; 3) study of the benaffiising universal and specialized
technology tools in the elementary classroom; grekdmples of planning for
technology integration that addresses specificestulbarning needs. Each of these ideas

for future research is expanded on below.



238

Additional Cases of Teacher Decision-Making durindg?lanning

The teachers in this study provided extreme cadlesbtaining $20,000 in new
technology for their classrooms through a distyieint. The findings from this study
indicate that the teachers’ beliefs and knowledgeahnology, content, and pedagogy
influenced the decisions they made about integygdgohnology when planning.
Additional research needs to be done with otherhieis to examine how their beliefs and
varying degrees of technological content knowled@eK) and technological
pedagogical knowledge (TPK) influence the decisibiey make during planning.
Additional case examples of teachers planningHerimtegration of technology would
inform teacher educators, teachers, and thoseairgelof planning for technology
professional development. Additional Think Alouderviews of teachers planning while
considering technology would also provide examfibepreservice teachers of the
decisions teachers make when thinking about howeittfenology they want to integrate
influences the content they are teaching and teegractices for teaching that content.
Having videotapes of how teacher plan for technglogh classrooms would be helpful
to teacher educators, preservice teachers, andioievice teachers.
Technology Professional Development

Technology professional development for teachards to focus on the
technology tool (Harris, 2005; Harris & Hofer, 2Q01However, findings from the ACOT
studies suggest that teachers were encouragetkgpate technology in their classrooms
when the focus of the technology professional dgvelent was on curriculum rather

than technical skills (Sandholtz et al., 1997; Saiz & Reilly, 2004). The teachers in
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this study had technological knowledge, but weitedstveloping their technological
content knowledge (TCK) and technological pedagadinowledge (TPK) and may
have benefited from professional development targeitCK and TPK. Judi Harris and
her colleagues (Harris, 2005; Harris & Hofer, 20dayris et al., 2009) have published
empirical research describing efforts being maderéeide teachers with curriculum-
based technology professional development. HandsHofer (2011) noted that
Regardless of preferred pedagogical approach, henyg\seems clear that an
instructional planning strategy [shared throughfgssional development] that is
conceptualized and organized around curriculumesanteaching/learning
context, and pedagogy primarily, and accordindn&digital tools and resources
that can support different types of learning seeoihyd .. can help teachers
diversify their instructional approaches while comently encouraging
appropriate educational uses of technological tantsresources. (p. 226)
If curriculum-based technology professional develept can help teachers “diversify
their instructional approaches” while integratieghinology, then additional examples of
technology professional development that emphasinéent and pedagogy and work to
develop teachers’ TCK and TPK are needed to infannaersity, district, and school
leaders who plan technology professional developn\ast importantly, future research
should continue to examine the results existingrietogy professional development
emphasizing specific content connections at theefheary level because technology
professional development tends to be universag¢ausof specialized for this audience.
Universal and Specialized Technology Tools in thel&@mentary Classroom

As a recommendation from their study of secongdapyal studies teachers, Swan

and Hofer (2011) suggest that both universal aediapzed technology tools have a
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place in the classroom. In this study, the musachier had knowledge of technology
tools specific to music, but, overall, the techgylased by all three teachers was
universal and not specific to the content they weaehing. Because elementary teachers
are generalists, it makes sense that they termddgrate technology tools that would be
appropriate across disciplines. As we are considesiays to make technology
professional development content specific, we neexfudy elementary school teachers
who are using specialized content area technologjg in the classroom to determine
what those tools are, how they are being usedtrendonsiderations teachers make to
integrate them into instruction. Knowledge of spézed technology tools would inform
teacher educators, teachers, and those in chagarofing technology professional
development. Additional case studies would prowdgght into how and why teachers
are using specialized content area tools in thraeheary classroom.
Technology Integration Addressing Specific LearningNeeds

Finally, additional research needs to be done @xamhow teachers are
integrating technology to address specific learmagds in the classroom. Although the
teachers in this study spoke of considering tlegriers during planning, they typically
grouped the learners together, integrating teclgyolo meet the needs of the class as a
whole. Research suggests that technology can maardeted supports to exceptional
learners in the general classroom setting (Bra}.e2004; Hasselbring & Glaser, 2000;
Lewis, 1998), such as through the built-in audid sisual supports for struggling
readers in eBooks (Karchmer, 2001; Lewis, 13®8ydes & Milby, 2007; Zucker et al.,

2009). Teacher educators, teachers, administratodsthose planning technology
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professional development would benefit from dedsrgpcase studies of teachers making
decisions during planning about integrating tecbgglto address specific student
learning needs.
Conclusion

As access to technology becomes ubiquitous indst{Gray et al., 2010), the
guality of student access to technology needs to be exam®@ne way to do this is by
exploring how teachers are planning for technoliogggration and the factors that
influence the decisions they make during plannirigs study examined the decisions
three elementary school teachers made when plamnteghnology-rich classrooms.
Although the teachers taught different contentsrtéheey shared similar beliefs about
why it was important for them to use technologyheir classrooms, and those beliefs
consistently influenced the way they planned foht®logy integration. The teachers’
knowledge of content, pedagogy, and technologyedabut for all of the teachers, their
knowledge influenced the decisions they made dyslagning. Understanding how
beliefs and knowledge influence the decisions teechhake when planning for
technology integration can inform instructors ohtamt-area methods courses for
preservice teachers and approaches to technolofgsgional development for inservice

teachers.



242

REFERENCES

Abbitt, J. T. (2011). Measuring technological pealgigal content knowledge in
preservice teacher education: A review of curreethmds and instrument¥ournal
of Research on Technology in Education44:3281-300.

Allan, W.C., Erickson, J.L., Brookhouse, P., JohmsbL. (2010). Teacher professional
development through a collaborative curriculum @cofan example of TPCK in
Maine.TechTrends, 54), 36-43.

Anderson, R., & Balajthy, E. (2009). Technology literacy education: Stories about
struggling readers and technolo@ye Reading Teacher, @), 540-542.

Angers, J., & Machtmes, K. (2005). An ethnographaase study of beliefs, context
factors, and practices of teachers integrating nelclyy. The Qualitative Report,
10(4), 771-794.

Association of Mathematics Teacher Educators. (20@8thematics TPACK
Framework Retrieved from
http://www.amte.net/sites/all/themes/amte/resouidath TPACKFramework. pdf

Atkinson, T. S., & Swaggerty, E.A. (2011). Empownerifourth-grade researchers:
Reaping the rewards of web 2.0 student-centerediten Language Arts, 8§2), 99-
112.

Ball, A.L., Knobloch, N.A., & Hoop, S. (2007). Tlestructional planning experiences of
beginning teachergournal of Agricultural Education, 48), 56-65.

Bandura, A. (1993). Perceived self-efficacy in doga development and functioning.
Educational Psychologist, 28), 117-148.

Barron, A.E., Harmes, J.C., & Kemker, K.J. (200&chnology as a classroom tool:
Learning with laptop computers. In L.T.W. Hin & Rubramaniam (Eds.Handbook
of research on literacy in technology at the K-&2dl(pp. 271-286). Hershey, PA:
Idea Group Reference.

Becker, H.J. (2000). Who’s wired and who'’s not:I@tan’s access to and use of
computer technologylhe Future of Children, 1), 44-75.



243

Becker, H. J., & Ravitz, J. L. (1999). The influenaf computer and Internet use on
teachers’ pedagogical practices and perceptiimgnal of Research c@omputing
in Education, 3{4), 356-384.

Beckett, E.C., Wetzel, K., Chisholm, .M., Zambao, Buss, R., Padgett, H., Williams,
M.K., Odom, M. (2007). Staff development to provideéentional language teaching
in technology-rich K-8 multicultural classroon@omputers in the Schools,(334),
23-30.

Bedard, C., & Fuhrken, C. (2011). Writing for thig bcreen: Literacy experiences in a
moviemaking project_anguage Arts, 8§2), 113-124.

Beeson, M.W. (2011). Technological pedagogical esnknowledge in the elementary
classroom: A case study of one teacher’s decisiakimg process. IRroceedings of
Society for Information Technology & Teacher Edigratnternational Conference
2011 (pp. 4273-4280). Chesapeake, VA: AACE.

Berg, S., Benz, C., Lasley Il, T., & Raisch, C.989 Exemplary technology use in
elementary classroom¥ournal of Research on Computing in Educat®i(2), 111.

Berliner, D.C. (1986). In pursuit of the expert pgdgueEducational Researcher, (5,
5-13. doi: 10.3102/0013189X015007007

Berson, |.R., Berson, M.J., Desali, S., Falls, DEé&haughty, J. (2008). An analysis of
electronic media to prepare children for safe ahdtal practices in digital
environmentsContemporary Issues in Technology and Teacher EotucfOnline
serial],8(3). Available:
http://www.citejournal.org/vol8/iss3/socialstudiagicle2.cfm

Berson, M.J., & VanFossen, P.J. (2008). Anothek latocivic literacy in a digital age.
Contemporary Issues in Technology and Teacher EaucfOnline serial],8(3).
Available: http://www.citejournal.org/vol8/iss3/socialstudiaiclel.cfm

Boling, E., Castek, J., Zawilinski, L., Barton, K& Nierlich, T. (2008). Technology in
literacy education: Collaborative literacy: Blogsdanternet projectslhe Reading
Teacher, 6(6), 504-506.

Bos, B. (2009). Technology with cognitive and matlaécal fidelity: What it means for
the math classroon€omputers in the Schoos(2), 107-114.

Bos, B. (2011). Professional development for elaargrteachers using TPACK.
Contemporary Issues in Technology and Teacher Baud 1(2). Retrieved from
http://www.citejournal.org/volll/iss2/mathematictidel.cfim




244

Bransford, J., Brown, A., & Cocking, R. (2008)ow People Learn: Brain, Mind,
Experience, and Schodational Academy Press: Washington, D.C.

Bray, M., Brown, A., & Green, T.D. (2004)echnology and the diverse learner: A guide
to classroom practicelhousand Oaks, CA: Corwin Press.

Ching, C., Wang, X., Shih, M., & Kedem, Y. (200Bjgital photography and journals in
a kindergarten-first-grade classroom: Toward megfnirtechnology integration in
early childhood educatioearly Education and Developmedf(3), 347-371.

Clark, C.M., & Peterson, P.L. (1986). Teachersuiiat processes. In M.C. Wittrock
(Ed.),Handbook of research on teachi(8) ed, pp. 255-296). New York:
Macmillan.

Clausen, J. M., Britten, J., & Ring, G. (2008). E&mning effective laptop initiatives.
Learning & Leading with Technolog$6(1), 18-22.

Clements, D.H. (2002). Computers in early childhamthematicsContemporary Issues
in Early Childhood, &), 160-181.

Clements, D.H., & Sarama, J. (2007). Effects ofesphool mathematics curriculum:
Summative research on the Building Blocks projéotirnal for Research in
Mathematics Education, 88), 136-163.

Common Core State Standards Initiative. (200@mmon core state standards initiative:
Preparing America’s students for college and cardefailable at:
http://www.corestandards.org/

Corn, J. O., Oliver, K. M., Hess, C. E., HalstegdQ., Argueta, R., Patel, R. K., Tingen,
J., & Huff, J. D. (2010). A Computer for every stud and teacher: Lessons learned
about planning and implementing a successful Bfnlag initiative in schools.
Educational Technologp0(6), 11-17.

Crawford, S.P. (2011 he new digital divideRetrieved on July 15, 2012, from
http://www.nytimes.com/2011/12/04/opinion/sundatgimnet-access-and-the-new-
divide.html? r=3&pagewanted=all

Creswell, J.W. (2007 Qualitative inquiry and research design: Choosimgamg five
approache¢2™ ed.). Thousand Oaks, CA: Sage Publications, Inc.

Crompton, H. (2011). Mathematics in the age of nebbgy: There is a place for
technology in the mathematics classrodournal of the Research Center for
Educational Technology(¥), 54-66.



245

Cuban, L. (1986)Teachers and machines: The classroom use of temtiynsince 1920.
New York, NY: Teachers College Press.

Cuban, L. (2001)Oversold and Underused: Computers in the classrd&ambridge,
MA: Harvard University Press.

Cummins, J. (2008). Technology, literacy, and yos@gond language learners:
Designing educational futures. In L.L. Parker jE@lechnology-mediated learning
environments for young English learnefgp. 61-98). New York: Lawrence Erlbaum
Associates.

Czarnecki, K. (2009). How digital storytelling basi 2£' century skills Library
Technology Reports, 6, 15-19.

Davis, A.W. (2009)Syncing up with the iKid: Portrait of seven higlngol teacher
leaders transforming the American high school tigtoa digital conversion of
teaching and learninglUnpublished doctoral dissertation). The Universit North
Carolina at Greensboro, Greensboro.

Dodge, B. (2007)San Diego State University WebQuest site: WebqugsRetrieved
from http://webquest.org/index.php

Doolittle, P.E., & Hicks, D. (2003). Constructivisas a theoretical foundation for the use
of technology in social studieSheory and Research in Social Education(13,172-
104.

Dunleavey, M., Dexter, S., & Heinecke, W.F. (200/#hat added value does a 1:1
student laptop ratio bring to technology-suppoteathing and learningldurnal of
Computer Assisted Learning,,2810-452.

Edelson, D.C. (2001). Learning-for-use: A framewfwkthe design of technology-
supported inquiry activitieslournal of Research in Science Teachind33855-
385.

Edmunds, J. A. (2008). Using alternative lensesxaimine effective teachers’ use of
technology with low-performing studenf&eachers College Record, {19 195-217.

Ericsson, K., & Simon, H. A. (1980). Verbal repoats dataPsychological Review
87(3), 215-251. doi:10.1037/0033-295X.87.3.215

Ericsson, K., & Simon, H.A. (1998). How to studyrtking in everyday life: Contrasting
think-aloud protocols with descriptions and exptaes of thinking.Mind, Culture,
and Activity, $3), 178-186. doi: 10.1207/s15327884mca0503_3



246

Ertmer, P.A., (2005). Teacher pedagogical beli€fe final frontier in our quest for
technology integrationEducational Technology Research & Developmen® )53
25-39.

Ertmer, P., Addison, P., Lane, M., Ross, E., & Wadd. (1999). Examining teachers'
beliefs about the role of technology in the eleragntlassroomJournal of Research
on Computing in Educatioi2(1), 54.

Ertmer, P.A., & Ottenbreit-Leftwich, A.T. (2010)e@cher technology change: How
knowledge, confidence, beliefs, and culture intetrslournal of Research on
Technology in Education, 42), 255-284.

Ertmer, P.A., Ottenbreit-Leftwich, A., & York, C.8006-2007). Exemplary technology-
using teachers: Perceptions of factors influensungcessJournal of Computing in
Teacher Education, Z3), 55-61.

Franz, D.P., & Hopper, P.F. (2007). Technology atmematics: Issues in educating
teacher candidates for rural math classrodsssies in the Undergraduate
Mathematics Preparation of School Teachers, 3.

Freeman, B. (2012). Using digital technologiesamress inequities for English language
learners in the English speaking mathematics dassrComputers and Education,
59(1), 50-62. doi:10.1016/j.compedu.2011.11.003

Friedman, A. (2006). State standards and digiiatgmy sources: A divergence.
Contemporary Issues in Technology and Teacher EaucfOnline serial],6(3).
Available: http://www.citejournal.org/vol6/iss3/socialstudiagiclel.cfm

Friedman, A. M., & Heafner, T.L. (2007). You thifde me, so | don’t have to: The
effect of a technology-enhanced, inquiry learninginment on student learning in
11" grade United States histo@ontemporary Issues in Technology and Teacher
Education[Online serial],7(3). Available:
http://www.citejournal.org/vol7/iss3/socialstudiagiclel.cfm

Gall, M., & Breeze, N. (2008). Music and eJay: Asportunity for creative
collaborations in the classroomternational Journal of Educational Research, 47,
27-40.

Gallagher, J.J. (1975 eaching the gifted chil(®" ed.). Boston, MA: Allyn and Bacon,
Inc.

Ganesh, T.G., & Middleton, J.A. (2006). Challengebnguistically and culturally
diverse elementary settings with math instructismg learning technologie$he
Urban Review, 3@), 101-143.



247

Garthwait, A., & Weller, H.G. (2005). A year in th&e: Two seventh grade teachers
implement one-to-one computingpurnal of Research on Technology in Education,
37(4), 361-377.

Gaudelli, W., & Taylor, A. (2011). Modding the glalclassroom? Serious video games
and teacher reflectio@ontemporary Issues in Technology and Teacher Bauga
11(1). Available:http://www.citejournal.org/voll1l/iss1/socialstudesiclel.cfm

Gee, J.P. (2007YVhat video games have to teach us about learnidgiearacy.New
York, NY: Palgrave Macmillan.

Gerard, L.F., Varma, K., Corliss, S.B., & Linn, M.2011). Professional development
for technology-enhanced inquiry scienBe&view of Educational Research(3)1
408-448.

Gibbs, M.G., Dosen, A.J., & Guerrero, R.B. (20@jdging the digital divide:
Changing the technological landscape of inner-cityolic schoolsUrban
Education, 441), 11-29.

Goldenberg, E.P. (2000). Thinking (and talking) atlt@chnology in math classrooms.
Issues in Mathematics Educatigkvailable at
http://www?2.edc.org/mcc/PDF/iss_tech.pdf

Goodson, I. F., & Mangan, J. M. (1995). Subjecturals and the introduction of
classroom computerBritish Educational Research Journal,(8), 613—629.

Gray, L., Thomas, N., and Lewis, L. (2010). Teashase of educational technology in
U.S. Public Schools: 2009 (NCES 2010-040). Nati@eter for Education
Statistics, Institute of Education Sciences, U.8p&tment of Education.
Washington, DC.

Grimes, D., & Warschauer, M. (2008). Learning waptops: A multi-method case
study.Journal of Educational Computing Research(338305-332.

Groff, J., & Mouza, C. (2008). A framework for addsing challenges to classroom
technology useAACE Journal, 1@1), 21-46.

Guzey, S. S., & Roehrig, G. H. (2009). Teachingsce with technology: Case studies
of science teachers’ development of technologyagedy, and content knowledge.
Contemporary Issues in Technology and Teacher BEaug®(1). Retrieved from
http://www.citejournal.org/vol9/iss1/science/artiticfm




248

Hannafin, R. D. (2004). Achievement differencestimictured versus unstructured
instructional geometry programtsducational Technology Research & Development
52(1), 19-32.

Hansen, C. C. (2008). Observing technology enhalitegdcy learningContemporary
Issues in Technology and Teacher Educai#®). Retrieved from
http://www.citejournal.org/vol8/iss2/languageartifdel.cfm

Harris, J.B. (2005). Our agenda for technologygrdéon: It's time to choose.
Contemporary Issues in Technology and Teacher BEaugey(2), 116-122.

Harris, J.B., & Hofer, M.J. (2011). Technologicadagogical content knowledge
(TPACK) in action: A descriptive study of second&gchers’ curriculum-based,
technology-related instructional plannidgurnal of Research on Technology in
Education, 483), 211-229.

Harris, J.B., Mishra, P., & Koehler, M. (2009). Thars’ technological pedagogical
content knowledge and learning activity types: @utum-based technology
integration reframedlournal of Research on Technology in Educatiorf4y1393-
416.

Hasselbring, T.S., & Glaser, C.H.W. (2000). Useahputer technology to help students
with special needd.he Future of Children, 1@), 102-122.

Heafner, T. (2004). Using technology to motivatedsits to learn social studies.
Contemporary Issues in Technology and Teacher EaucfOnline serial] 4(1).
Available: http://www.citejournal.org/vol4/iss1/socialstudiagiclel.cfm

Hermans, R., Tondeur, J., van Braak, J., Valcke(2@08). The impact of primary
school teachers’ educational beliefs on the classrose of computer€omputers
and Education, 511499-15009.

Hertz, M.B. (2011)A new understanding of the digital divideetrieved on July 15,
2012, fromhttp://www.edutopia.org/blog/digital-divide-techiooly-internet-access-
mary-beth-hertz

Hess, F.M., & Leal, D.L. (1999). Computer-assidesining in urban classrooms: The
impact of politics, race, and classrtban Education, 3@), 370-388.

Hew, K.F., & Brush, T. (2007). Integrating techngyanto K-12 teaching and learning:
current knowledge gaps and recommendations fordutsearchEducational
Technology Research Developmen(3$5223-252. doi: 10.1007/s11423-006-9022-5



249

Higgins, T.E., & Spitulnik, M.W. (2008). Supportitgachers’ use of technology in
science instruction through professional develogm&titerature reviewJournal of
Science Education and Technology(5)7511-521.

Hofer, M., & Swan, K. O. (2006). Reprint: Standariiewalls, and general classroom
mayhem: Implementing student-centered technologjepts in the elementary
classroomContemporaryssues in Technology and Teacher Educatigp), 42-58.

Hofer, M., & Swan, K.O. (2008). Technological pedgzal content knowledge in
action: A case study of a middle school digitalWlmentary projectlournal of
Research on Technology in Education(231179-200.

Holcomb, L.B. (2009). Results and lessons learnah fL:1 laptop initiatives: A
collective reviewTechTrends, §8), 49-55.

Horsley, D.L., & Loucks-Horsley, S. (1998). TornaglochangeJournal of Staff
Development, 19), 17-20.

International Society for Technology in Educati@009).Nets for administrators.
Available at http://www.iste.org/standards/nets-&dministrators.aspx

International Society for Technology in Educati@007).NETS for student#\vailable
at http://www.iste.org/standards/nets-for-studemts-student-standards-2007.aspx

International Society for Technology in Educati@@008).NETS for teacherd\vailable
at http://www.iste.org/standards/nets-for-teacherscasp

Jeffs, T., Behrmann, M., & Bannan-Ritland, B. (2D0&ssistive technology and literacy
learning: Reflections of parents and childréournal of Special Education
Technology, 2(1), 37-44.

John, P.D. (2006). Lesson planning and the stutkatther: re-thinking the dominant
model.Journal of Curriculum Studies, 88, 483-498.

Jonassen, D., Howland, J., Marra, R.M., & Crismod,(2008).Meaningful learning
with technologyNew Jersey: Pearson Education, Inc.

Jones, A., & Moreland, J. (2004). Enhancing praugicprimary school teachers’
pedagogical content knowledge in teachimgernational Journal of Technology and
Design Education, 14121-140.

Journell, W. (2009). Maximizing the potential ofngputer-based technology in
secondary social studies educatiSocial Studies Research and Practigd,)455-
70.



250

Joyce, B., Weil, M., & Calhoun, E. (2004)lodels of Teachin’" ed.). Boston:
Pearson.

Kagan, D. M., & Tippins, D.J. (1992). The evolutiohfunctional lesson plans among
twelve elementary and secondary student teachbesElementary School Journal,
92(4), 477-489.

Karchmer, R. A. (2001). The journey ahead: Thirtescthers report how the Internet
influences literacy and literacy instruction inithe—12 classroomsReading
Research Quarter|\36(4), 442—-467.

Ke, F. (2008). Alternative goal structures for cartgg game-based learning.
International Journal of Computer-Supported Colledtove Learning 3(4), 429-445.

Kemker, K., Barron, A., & Harmes, J. (2007). Laptopmputers in the elementary
classroom: Authentic instruction with at-risk stote Educational Media
International 44(4), 305-321.

Kieler, L. (2010). Trials in using digital storylielg effectively with the giftedGifted
Child Today, 383), 48-52.

Koehler, M.J., & Mishra, P. (2008). Introducing TRAn AACTE Committee on
Innovation and Technology (Edstjandbook of technological pedagogical content
knowledge (TPCK) for educatofgp. 3-29). New York, NY: Routledge.

Konold, C. (2002). Teaching concepts rather tharventionsNew England Journal of
Mathematics, 3@), 69-81.

Lambert, J., & Gong, Y. (2010). 2tentury paradigms for pre-service teacher
technology preparatiolomputers in the Schools, 54-70.

Lee, R. (2006). Effective learning outcomes of EEltmentary and secondary school
students utilizing educational technology infusethwonstructivist pedagogy.
International Journal of Instructional Media, @3, 87-93.

Lewis, R.B. (1998). Assistive technology and leagndisabilities: Today’s realities and
tomorrow’s promiseslournal of Learning Disabilities, 31), 16-26.

Leu, D. J., Zawilinski, L. , Castek, J., Banerj®k, Housand, B., Liu, Y., & O’'Neil, M.
(2007). What is new about the new literacies ofrenfeading comprehension? In L.
S. Rush, A. J. Eakle, & A. Berger (EdsSgcondary school literacy: Whiagsearch
reveals for classroom practi¢ep. 37-68).Urbana, IL: NCTE.



251

Levin, B.B., & Schrum, L. (2012).eading technology-rich schools: Award-winning
models for succesblew York, NY: Teachers College Press.

Levin, T., & Wadmany, R. (2006). Teachers’ beliafsl practices in technology-based
classrooms: A developmental viedaurnal of Research on Technology in Education,
392), 157-181.

Lim, C., & Chai, C. (2008). Teachers' pedagogiadidis and their planning and conduct
of computer- mediated classroom less@rgish Journal of Educational Technology
39(5), 807-828.

Lindstrom, P. P., Gulz, A. A., Haake, M. M., & Sprd B. B. (2011). Matching and
mismatching between the pedagogical design priesipf a math game and the
actual practices of playournal of Computer Assisted Learning(2)y7 90-102.

MacKinnon, D., Lynch-Davis, K., & Driskell, S. (20D Constructing and exploring
Pascal’'s Triangle in TinkerPlot§he Mathematics Teacher, 182 628-632.

Main, S., & O’'Rourke, J. (2011). New directions toaditional lessons: Can handheld
game consoles enhance mental mathematics skilisalian Journal of Teacher
Education, 3@2), 43-55.

Maker, C.J., & Schiever, S.W. (2009)aching models in education of the gif¢gd
ed.) Austin, TX: Proed.

Male, M. (2003).Technology for inclusion: Meeting the special neefdsll students.
Boston: MA: Allyn and Bacon.

Maxwell, J.A. (2005)Qualitative research design: An interactive appro2™ ed.).
Thousand Oaks, CA: SagePublications, Inc.

McLester, S. (2011). Lessons learning from onefte-District Administration, 4{),
34-39.

Miranda, H., & Russell, M. (2011). Predictors cd¢ber-directed student use of
technology in elementary classrooms: A multilevEMSapproach using data from
the USEIT studyJournal of Research on Technology in Educatiori4}#301-323.

Mishra, P., & Koehler, M. J. (2006). Technologipadagogical content knowledge: A
framework for teacher knowledggeachers College Recqrtiog6), 1017-1054.

Mistler-Jackson, M., & Songer, N.B. (2000). Studemntivation and Internet technology:
Are students empowered to learn scientminal of Research in Science Teaching,
37(5), 459-479.



252

Moore-Hayes, C. (2011). Technology integration predness and its influence on
teacher-efficacyCanadian Journal of Learning and Technology(371-15.

Mouza, C. (2008). Learning with laptops: Impleméotaand outcomes in an urban,
under-privileged schoollournal of Research on Technology in Educatii{4),
447-472.

Mouza, C. (2011). Promoting urban teachers’ undadihg of technology, content, and
pedagogy in the context of case developm#mirnal of Research on Technology in
Education, 441), 1-29.

Muir, M., Knezek, G., & Christensen, R. (2004). Tgwver of one-to-one: Early findings
from the Maine learning technology initiatideearning and Leading with
Technology, 3@), 6-11.

National Association for Music Education. (201B)ess release: P21 and arts
associations release 2tentury skills mapRetrieved on August 8, 2011, from
http://www.menc.org/news/view/press-release-p2 l-amstassociations-release-
21st-century-skills-map

National Council for the Social Studies. (200B6g¢chnology position statement and
guidelinesRetrieved on August 5, 2011, from
http://www.socialstudies.org/positions/technology

National Council of Teachers of English. (200B)e NCTE definition of 2icentury
literacies.Retrieved August 2, 2011, from
http://www.ncte.org/positions/21stcenturyliteracy

National Council of Teachers of Mathematics. (2080nciples and standards for
school mathematicReston, VA.

National Science Teachers Association. (20QLjality science education and*21
century skillsRetrieved on August 5, 2011, from
http://www.nsta.org/about/positions/21stcenturyxasp

Nespor, J. (2000). School field trips and the cuitim of public spacesournal of
Curriculum Studies32(1), 25-43.

Niess, M. L., Ronau, R. N., Shafer, K. G., Drisk8l O., Harper S. R., Johnston, C.,
Browning, C.,0zgiin-Koca, S. A., & Kersaint, G. (800Mathematics teacher
TPACK standards and development mo@sntemporary Issues in Technology and
Teacher Educatiord(1), 4-24.



253

Niess, M. L. & Walker, J. M. (2010). Guest editdriaigital videos as tools for learning
mathematicsContemporary Issues in Technology and Teacher Bougd 0(1).
Retrieved fromhttp://www.citejournal.org/vol10/issl/mathematictide1l.cfm

Norris, C., & Soloway, E. (2004). Envisioning thandheld-centric classroodournal of
Educational Computing Research,(3)) 281-294.

O'Brien, J. (2008). Are we preparing young peophe2ft™ -century citizenship with 28
century thinking? A case for a virtual laboratofydemocracyContemporary Issues
in Technology and Teacher Educati@nline serial] 3(2). Available:
http://www.citejournal.org/vol8/iss2/socialstudiaicle2.cfm

O’Hanlon, C. (2007). A measure of succéss$l.E. Journal, 3®), 26-32.

Obara, S., & Jiang, Z. (2009). Using dynamic geoynsbftware to investigate midpoint
guadrilateralElectronic Journal of Mathematics and Technold8(@), 274-284.

Page, M.S. (2002). Technology-enriched classrodfiscts on students of low
socioeconomic statugournal of Research on Technology in Educatioti4 3889-
4009.

Pajares, F. (1996). Self-efficacy beliefs in acadesattingsReview of Educational
Research, 6@), 543-578. doi: 10.3102/00346543066004543

Pajares, M.F. (1992). Teachers’ beliefs and edocatiresearch: Cleaning up a messy
constructReview of Educational Research(®R 307-332.

Palak, D., & Walls, R.T. (2009). Teachers’ beliafsgl technology practices: A mixed-
methods approacliournal of Research on Technology in Educatiori43417-441.

Park, S.H., & Ertmer, P.A. (2007). Impact on proiibased learning (PBL) on teachers’
beliefs regarding technology uskurnal of Research on Technology in Education,
40(2), 247-267.

Partnership for ZLCentury Schools. (200921 Framework DefinitionsAvailable at
http://www.p21.org/documents/P21 Framework Defim$.pdf

Penuel, W.R. (2006). Implementation and effectsra-to-one computing initiatives: A
research synthesidournal of Research on Technology in Educatioi33&829-348.

Peterson, P.L., & Clark, C.M. (1978). Teachers repof their cognitive processes
during teachingAmerican Educational Research Journal(4)5 555-565.
doi:10.3102/00028312015004555



254

Peterson, P.L., & Comeaux, M.A. (1990). Evaluatimg systems: Teachers’ perspectives
on teachers educatioBducational Evaluation and Policy Analysis,(1p 3-24.

Peterson, P.L., Marx, R.W., & Clark, C.M. (1978gather planning, teacher behavior,
and student achievemermerican Educational Research Journal(3)5417-432.

Pierson, M.E. (2001). Technology integration p@as a function of pedagogical
expertiseJournal of Research on Computing in Educatior{(43313-430.

Porter, A., McMaken, J., Hwang, J., & Yang, R. (2pXCommon core standards: The
new U.S. curriculumEducational Researcher, @), 103-116. doi:
10.3102/0013189X11405038

Prensky, M. (2001apigital game-based learnindNew York: McGraw-Hill.

Prensky, M. (2001b). Digital natives, digital immagts.On the Horizon9(5).

Public Schools of North Carolina. (n.dJommon coreAvailable at
http://www.ncpublicschools.org/acre/standards/comnore/

Public Schools of North Carolina. (201Information and technology essential
standardsAuvailable athttp://www.ncpublicschools.org/docs/acre/standarelst
standards/info-technology/gradek.pdf

Putney, D., Bennett, E. & Head, C. (2004). Creaéihgoks with young children. In R.
Ferdig et al. (Eds.Rroceedings of Society for Information Technologyeacher
Education International Conference 20(p. 5014-5018). Chesapeake, VA: AACE.

Reid, M.J. (2009). Curriculum deliberations of esieeced elementary teachers engaged
in voluntary team plannind.he Curriculum Journal, 2@), 409-421.

Rhodes, J.A., & Milby, T.M. (2007). Teacher-crea&ectronic books: Integrating
technology to support readers with disabilitiese Reading Teacher, @), 255-259.

Robin, B.R. (2006)The educational uses of digital storytelliiRetrieved on November
5, 2011, fromhttp://faculty.coe.uh.edu/brobin/homepage/Educaiidyses-DS.pdf

Robin, B.R. (2008). Digital storytelling: A powetfiechnology tool for the Zicentury
classroomTheory into Practice, 48), 220-228.

Robinson, A., Shore, B.M., & Enersen, D.L. (20@8st practices in gifted education:
An evidence-based guid&/aco, TX: Prufrock Press, Inc.



255

Roschelle, J.M., Pea, R.D., Hoadley, C.M., GorBim., & Means, B.M. (2000).
Changing how and what children learn in school wimputer-based technologies.
The Future of Children, 1), 76-101.

Rose, D. H., & Gravel, J. W. (2010). Universal desior learning. In P. Peterson, E.
Baker & B. McGraw (Eds.)nternational encyclopedia of educatigop. 119-124).
Oxford: Elsevier.

Rose, D.H., & Meyer, A. (2002).eaching every student in the digital age: Univérsa
design for learningAlexandria, VA: ASCD.

Rotherham, A. J., & Willingham, D. T. (2010). "24sntury" skills: Not new, but a
worthy challengeAmerican Educatqr34(1), 17-20.

Russell, M., Bebell, D., & Higgins, J. (2004). Laptlearning: A comparison of teaching
and learning in upper elementary classrooms eqdippin shared carts of laptops
and permanent 1:1 laptopikurnal of Educational Computing Research(430313-
330.

Sabers, D.S., Cushing, K.S., & Berliner, D.C. (19®ifferences among teachers in a
task characterized by simultaneity, multidimensibdypaand immediacyAmerican
Educational Research Journal, (48, 63-88. doi: 10.3102/00028312028001063

Salinas, C., Bellows, M. E., & Liaw, H. L. (201Breservice social studies teachers’
historical thinking and digitized primary sourcéa/hat they use and why.
Contemporary Issues in Technology and Teacher Baud 1(2). Retrieved from
http://www.citejournal.org/voll1/iss2/socialstudesiclel.cfm

Sandholtz, J.H., & Reilly, B. (2004). Teachers, teahnicians: Rethinking technical
expectations for teacherbeachers College Record, 8% 487-512.

Sandholtz, J.H., Ringstaff, C., & Dwyer, D.C. (199Feaching with technology:
Creating student-centered classroomNew York: Columbia University Press.

Sardone, N.B., & Devlin-Scherer, R. (2010). Tead#rdidate responses to digital
games: 2% century skills developmenlournal of Research on Technology in
Education, 44), 409-425.

Savage, J. (2007). Reconstructing music educati@ugjh ICT.Research in Education,
78,65-77.

Sawchuk, S. (2009). "21st-century skills" focudtshiVest Virginia teachers' role.
Education Week8(16), 1-3.



256

Schramm, W. (1971Notes on case studies of instructional media ptsj&torking
paper for the Academy for Educational Developm®@fdshington, DC.

Schrum, L., & Levin, B.B. (2009).eading 2 century schools: Harnessing technology
for engagement and achieveméitiousand Oaks, CA: Corwin

Scientific Reasoning Research Institute. (20IR)kerPlots softwareRetrieved on May
17, 2012 fromhttps://www.srri.umass.edu/tinkerplots

Shank, G. D. (2006Qualitativeresearch: A personal skills approaci® Edition.
Upper Saddle River, NJ: Pearson.

Shaunessy, E. (2007). Attitudes toward informatexhnology of teachers of the gifted:
Implications for gifted educatioi®Gifted Child Quarterly, 5@), 119-135.

Shavelson, R.J. (1973). What is the basic teactkilp The Journal of Teacher
Education, 2{2), 144-151.

Shulman, L.S. (1986). Those who understand: Knogéegrowth in teaching.
Educational Researcher, (5, 4-14.

Shulman, L.S. (1987). Knowledge and teaching: Fatiods of the new refornidarvard
Educational Review, §7T), 1-22.

Silva, E. (2009). Measuring skills for 2tentury learningThe Phi Delta Kappan, 99),
630-634.

Songer, N.B., Lee, H., & Kam, R. (2002). Technolagp inquiry science in urban
classrooms: What are the barriers to inquiry pegggdournal of Research in
Science Teaching, 89, 128-150.

Stake, R.E. (1995 he Art of Case Study Researthousand Oaks, CA: Sage.

Staley, D. J. (2000). The role of technology iniabstudies educatiomnternational
Journal of Social Educatigi%(1), 1-127.

Staples, A., Pugach, M., & Himes, D. (2005). Rdtmg the technology integration
challenge: Cases from three urban elementary sehdournal of Research on
Technology in Educatiq37(3), 285-311.

Stoddard, J. (2009). Toward a virtual field tripaebfor the social studies.
Contemporary Issues in Technology and Teacher BEau;®(4). Retrieved from
http://www.citejournal.org/vol9/iss4/socialstudiagiclel.cfm




257

Stodolsky, S.S. (1988].he subject matters: Classroom activity in math sodal
studies Chicago: The University of Chicago Press.

Suhr, K.A., Hernandez, D.A., Grimes, D., & WarsoliaM. (2010). Laptops and fourth-
grade literacy: Assisting the jump over the fougthde slumpJournal of
Technology, Learning, and Assessmef). Retrieved October 16, 2011 from
http://www.jtla.org

Superfine, A.C. (2008). Planning for mathematicgrunction: A model of experienced
teachers’ planning processes in the context ofamemathematics curriculunthe
Mathematics Educator, 18), 11-22.

Swan, K., & Hofer, M. (2011). In search of techrgptial pedagogical content
knowledge: Teachers’ initial foray into podcastinggconomicsJournal of Research
of Technology in Education, @4, 75-98.

Swan, K.O., & Hofer, M. (2008). Technology and sbatudies. In L.S. Levstik & C.A.
Tyson (Eds.)Handbook of research in social studies educafmm 307-326). New
York: Routledge.

Tally, B. (2007). Digital technology and the endsotial studies educatiohheory and
Research in Socidducation, 35305-321.

The National Academies. (2009)he concerns-based adoption model (CBAM): A model
for change in individualsRetrieved on December 4, 2011 from
http://www.nationalacademies.org/rise/backg4a.htm

Tschannen-Moran, M., Woolfolk Hoy, A., & Hoy, W. K1L998). Teacher efficacy: Its
meaning and measurReview of Educational Research(B8 202-248.
doi:10.2307/1170754

Tubin, D., & Edri, S. (2004). Teachers planning anglementing ICT-based practices.
Planning and Changing, §5&4), 181-191.

Tuthill, G., & Klemm, E. B. (2002). Virtual fieldrips: Alternatives to actual field trips.
International Journal of Instructional Media, @9, 453-468.

Tyler, R.W. (1970)Basic principles of curriculum and instructio@hicago: University
of Chicago Press.

van ‘t Hooft, M. (2006). Tapping into digital litecy: Handheld computers in the K-12
classroom. In L.T.W. Hin & R. Subramaniam (Edbklandbook of research on
literacy in technology at the K-12 le\gp. 287-307). Hershey, PA: Idea Group
Reference.



258

VanFossen, P.J., & Berson, M.J. (2008). Civic éitsrin a digital ageContemporary
Issues in Technology and Teacher Educafanline serial],8(2), 122-124.

VanTassel-Baska, J., & Stambaugh, T. (20@®mprehensive curriculum for gifted
learners(3 ed) Boston, MA: Pearson Education, Inc.

Warschauer, M. (2006)l.aptops and literacy: Learning in the wireless clamom.New
York, NY: Teachers College Press.

Warschauer, M. (2007). Information literacy in thptop classrooniTeachers College
Record, 10@11), 2511-2540.

Warschauer, M. (2011)earning in the cloud: How (any why) to transforangols with
digital media.New York, NY: Teachers College Press.

Waters, J.K. (2009). Maine ingredientsH.E. Journal, 3@), 34-39.

Watson, S.E., & Watson, W.R. (2011). The role chtelogy and computer-based
instruction in a disadvantaged alternative schaallsure of learningComputers in
the Schools, 48), 39-55.

Weston, M.E., & Bain, A. (2010). The end of techordgique: The naked truth about 1:1
laptop initiatives and educational changbe Journal of Technology, Learning, and
Asssessment(®. Retrieved November 12, 2011 frdiip://www.jtla.org

Wiggins, G., & McTighe, J. (1998). Understandingd®sign. Alexandria, VA:
Association for Supervision and Curriculum Devehgmnt.

Windschitl, M., & Sahl, K. (2002). Tracing teacheaurse of technology in a laptop
computer school: The interplay of teacher belisfgjal dynamics, and institutional
culture.American Educational Research Journal(B9 165-205.

Wofford, J. (2008). K-16 computationally rich saeeneducation: A ten-year review of
the Journal of Science Education and Technoldgyrnal of Science Education and
Technology, 1), 29-36.

Woolsey, K., & Bellamy, R. (1997). Science educatmd technology: Opportunities to
enhance student learninthe Elementary School Journal,(8Y, 385-399.

Yelland, N. (2005). The future is now: A reviewtbe literature on the use of computers
in early childhood education (1994-200AACE Journal, 1&), 201-232.



259

Yerrick, R., & Johnson, J. (2009). Meeting the reeefimiddle grade science learners
through pedagogical and technological interventi@mmtemporary Issues in
Technology and Teacher Educatiof3)9 280-315.

Yin, R.K. (2009).Case Study Research: Design and MethollE@). Thousand Oaks,
CA: Sage.

Yinger, R.J. (1979). Routines in teacher plannifigeory into Practice, 18), 163-169.

Yinger, R.J. (1980). A study of teacher plannihbe Elementary School Journal,(8D
107-127.

Zahorik, J.A. (1970). The effect of planning ondieiag. The Elementary School Journal,
71(3), 143-151.

Zahorik, J.A. (1975). Teachers’ planning mod&ducational Leadership, 3334-139.

Zbiek, R.M., Heid, M.K., Blume, G.W., & Dick, T.R2007). Research on technology in
mathematics education. In F.K. Lester (EHandbook of research on mathematics
teaching and learning2™ ed, pp. 1169-1207). Charlotte, NC: Information Age
Publishing.

Zhao, Y., & Frank, K.A. (2003). Factors affectirgghnology uses in schools: An
ecological perspectivdmerican Educational Research Journal(4)0 807-840.

Zucker, T. A., Moody, A. K., & McKenna, M. C. (20p9The effects of electronic books
on pre-kindergarten-to-grade 5 students' literamylanguage outcomes: A research
synthesisJournal of Educational Computing Researdf(1), 47-87.



260

APPENDIX A
INITIAL INTERVIEW PROTOCOL
Introduction: Hello. Thank you for agreeing to talk to me to@déput the technology
you have and use in your classroom. The purposgyaftudy is to understand the
thought process and decisions teachers make gratéetechnology into their lessons
and how their pedagogical beliefs affect those ggses. | am recording today’s
conversation for accuracy. Your name will be prtegdcDo you have any questions
before we get started?
Semi-structured questions:
e Will you tell me a little bit about you? How longe you been teaching?
o0 What grades have you taught? Have they all betmnsaschool?
o Inwhat areas are you licensed/have a degree?
o Is there anything else about your background iohieay that you would
like to share?
e What was your goal in applying for the Innovatioraf through your school
system?
¢ Will you tell me about the technologies you havgauar classroom?
e What do you believe the role of those technologies your room? In your
planning?
¢ What do you think about when you are consideritggrating technology in your
lesson?
e How do you plan for the integration of technology?

e How often in a week do you use technology in yegsbns?

e How do you decide when it is appropriate to usaretogy in your lessons?
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¢ Do you have anything else you would like to tell ai®ut the way you plan for
the use of technology?
Closing: Thank you again for taking the time to talk to ateut how you plan for the

use of technology in your classroom. | look forwayabserving you and talking to you
again.
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APPENDIX B
INTERVIEW PROTCOL
| would like to talk to you about how you planne&d fechnology use in the lessons |
observed/am going to observe this week. Just tcnaemyou, | am recording today’s
conversation for accuracy, but your name will betgeted. Do you have any questions

before we get started?

What do you think about when you are consideritggrating technology in your
lesson?

How did you decide what technologies were approgiiabe integrated in your lesson?
What do you believe the role of those technologies your lesson? In your planning?

Do you have anything else you would like to tell amut the way you planned for the
use of technology in this lesson?

Additional questions/prompts:
To be used if they are not already answered iffiteetwo questions.

In what way did you consider the different learnargour room as you were planning,
and did technology play a role in how you plannedtiose learners?
How do you plan for the promotion of 2learning century skills?

- Critical thinking and problem solving?

- Communication?

- Collaboration?

- Creativity?

How are you considering the Common Core Standag®@a are planning for the use of
technology in your room?
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APPENDIX C

CONTACT SUMMARY

Participant:
Contact Date:
Today's Date:

What main issues or themes struck you in this a®ta

Summarize the information you got (or failed to)get each of the target questions you
have for this contact.

Anything else that struck you as salient, interggtilluminating, or important in this

contact?

What new or remaining questions do you have inidenisig the next contact?
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APPENDIX D

THINK-ALOUD INTERVIEW PROTOCOL
Introduction: Thank you for agreeing to plan a lesson aloudrfertoday so that | can
better understand the decisions you make whilenghgn | understand that planning
aloud in one sitting may not be your typical plasgnmethod, however, | appreciate your
willingness to plan this way today so that | casete your thought process.
The Warm-Up Activity
Before | ask you to begin planning, | would likedo a warm-up activity with you so you
have a chance to experience the think-aloud methodmpleting a task. | am going to
show you a short video clip of a teacher teachitegson. While you are viewing the
video clip, | would like you to think-aloud, or kahbout what you are seeing and
thinking. Do you have any questions?
The Planning Think-Aloud Activity
Now | would like you to plan a lesson that integsatechnology aloud for me. You may
choose any subject area or objectives to be adatte¥®u may choose any type of
technology. While you are planning, | would likewto verbally express all of your
thoughts and ideas. | am recording your plannirsgisa for accuracy, but your name
will be protected. Do you have any questions befozeget started?
Possible Prompts
Can you tell me more?
What else will you do?
What objectives are you addressing? Have you thalgtut the Common Core
Standards?
What about (other parts of a typical lesson plgm&terials, instruction sequence, hook,
closure, questions, assessment, etc.)

How have you thought about the different learnergaur class? Gifted? ESL? EC?

Anything else you would like to add?
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Closing Questions

Now that you have completed a planning think-alsesision, can you share your
thoughts with me about what you just planned?

What made you decide to use the technology youectmstegrate?
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OBSERVATION PROTOCOL
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Observation Date:

Time:

Subject Taught:

Teacher and School:

OBSERVATIONS:

RESEARCHER THOUGHTS:




