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ABSTRACT

CO-EVOLUTION: THE DYNAMICS OF TECHNOLOGY USES IN

SCHOOLS

By

JING LEI

From an ecological perspective, this study investigates the dynamic process of

technology use in schools. Participants were 133 students and 20 teachers in a middle

school which launched a laptop project in 2003-2004 academic year. Data were collected

through three approaches: pretest-posttest surveys, classroom observations and

interviews.

Results suggest that technology use evolves. It is a complex ongoing process

influenced by continuous interactions between technology uses, the users, and the

environment. Seven different evolution paths oftechnology uses were identified, and the

conditions and factors influencing the changes oftechnology uses and their relationships

were illustrated through quantitative data analysis results and specific case studies.

A final model was developed to illustrate the overall picture of technology use in

schools. It revealed that the interactions and mutual influences between technology use,

the users and the environment are not simple and linear, but are built upon circular

causality and reflexivity. Technology adoption is a cycle of changes, co-adaptation, and

co-evolution. Analyses on the quality and quantity of technology use suggested that

different technology uses have different impacts on student outcomes. Therefore, the



quality of technology use is a critical issue. “How much” matters when “how” is

identified.

Results fiom this study shed light on the dynamic nature and process of

technology use in schools and conditions for effective technology uses; they thus have

both theoretical and practical implications in that not only is a research gap in technology

integration in schools partially filled, but teachers and students can also discover from

these results ways to use technologies meaningfully in teaching and learning. Specific

implications for policy making, technology integration in schools, professional

development and future research are suggested.
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CHAPTER 1

INTRODUCTION

Information technology is developing rapidly and deeply influencing every aspect

of our daily lives. In recognizing information technology’s limitless potential, combined

with an enduring faith in the power of education in making a better society and solving

individual and social problems (e.g. Berliner & Biddle, 1995; Tyack & Cuban, 1997;

Cuban, 2001), streams ofmoney have been poured into schools in the last two decades to

provide technology infrastructure, software and staff training for technology use. Many

educational policies and government documents have been publicized and implemented

in order to ensure that schools reap the profits provided by information technology.

However, despite great enthusiasm from educators, policy makers, parents and the public

- along with easily accessible technology training and support and greatly improved

technology access - technology innovations remain unused or underused in schools

(Cuban, 2001; Zhao,2003).

The slow adoption of technology in schools has been a serious concern of

educators and researchers (Berliner & Biddle, 1995; Tyack & Cuban, 1997; Cuban, 2001;

Zhao, Pugh, Sheldon, & Byers, 2002; etc.). Great efforts have been made to investigate

how technologies are used in schools (Collis, Knezek, Lai, Miyashita, Pelgrum, Plomp, &

Sakamoto, 1996; Ager, 1998 ), why technologies are not used in schools (Cuban, 2001;

Schofield, 1995), what conditions influence teachers’ technology use (Zhao, eta], 2002;

Zhao & Frank, 2003; Becker, Ravitz, & Wong, 1999; Harris & Grangenett, 1999; Honey

& Moeller, 1990), how technology innovations are integrated or rejected (Bruce, 1993;



Cuban, 1986; Tan, Lei, Shi, & Zhao, 2003; etc. ), how technology innovations transform

and are transformed by existing practices (Bruce, Peyton, & Batson, 1993; Schofield, &

Davidson, 2001) , and what teachers need to know in order to use educational technology

(Margerum-Leys, & Marx, 2003; Zhao, 2003; Urban-Lurain, 2003) However, given the

complicated nature of school systems and technology innovations, the process of

technology integration remains elusive to educators and researchers. Although research

has identified a long list of factors that could affect technology integration in schools,

these factors “are often examined in isolation of each other or the system in which they

interact” (Zhao & Frank, 2003). Technology is often treated as an independent artifact or

a distinct event. This limitation “makes it difficult to see how changes to a social system

occur through other than simple, one-directional causation. This impedes both the

development of successful innovations and the understanding of social change” (Bruce,

1993)

It is important, therefore, to gain an understanding ofhow technologies are used

in schools, why some technology uses are popular while some others are not.

Discernment ofhow different technology uses emerge, interact with the system, and

develop - and what conditions influence this process - is crucial in helping teachers and

students not only use technologies, but also use them in meaningful ways for teaching

and learning.

From an ecological perspective, this study views technology use as an ongoing

process in which different technology uses are introduced into school systems, interact

with social contextual factors and thus are either adopted, reinvented, or rejected. Users

will be studied change agents that have the potential to interpret technologies and re-



invent them to fit their goals and practices within the affordances and constraints of the

social context. Specifically, based on data collected from a laptop project in a middle

school, this study asks the following research questions:

1. How do technology uses in schools change overtime?

2. What factors influence the development and popularity of technology uses?

3. How do technology uses affect, and how are they affected by, schools?

Defining “Technology Use”

This study focuses on diverse technology uses rather than specific technologies.

“Technology use” is the application of a technology function in solving practical

problems (Zhao, 2003). It is different from specific technologies in a few ways: First, a

technology is an artifact, a product, and a tool. It has the capacity to solve certain

problems, but this capacity is not realized unless it is connected with specific problems,

while technology use is the process of connecting this capacity with a practical problem.

For example, the Microsoft Word program has the capacity ofcomposing, but this is

realized only when users use it to write a paper under certain contexts to solve their

problems or achieve certain goals is it a technology use.

Second, technology is situated in isolated and independent artifacts, while

technology use is situated in context and connected with users. “The same technology has

different meanings in different settings” (Bruce, 1993). It can be used differently, by

different people and in different contexts to solve different problems or to achieve

different goals (Zhao, 2003). For instance, the Internet has the capacity of supporting

communication, and e-mail, online chatting, video/audio conferencing, and discussion



board message-posting: all are different applications of a single function and thus are

different uses of Internet.

Third, technology is a final product in a static stage, while technology use is in

constant change. Users may re-invent a technology to solve their current problem or to fit

it to the context, and the change in the technology use may in turn lead to further changes

in the users and/or the context. Change begets change. The interconnection and mutual

influence between technology use and its context could arouse cascades of changes, and

consequently often result in “moving it far beyond what was originally envisioned”

(Peyton & Bruce, 1993).

Fourth, technology has one single form. When it is used differently by different

people and in different contexts to solve different problems or to achieve different goals,

the original technology takes on multiple forms (Peyton & Bruce, 1993). Hence, a single

technology develops into multiple technology uses.

In summary, technology use is technology-in-context. Examining technologies

from this perspective allows for examination of the specific contextual factors that affect

technology use and, potentially, insight into the holistic process of technology use.



CHAPTER 2

THEORETICAL FRAMEWORK

As a saying goes, “The forest is more than a collection of trees.” To understand

and properly manage a forest we must not only know about trees, but we must also study

the forest as a whole (Odum, 1975, p.5). To better understand what conditions influence

technology use in schools and how technology use affects schools, we must investigate

potential conditions and interactions within a framework.

Researchers have argued for the ecological perspective as one useful approach to

holistically capture the dynamic nature of technology use in school settings (Zhao &

Frank, 2003; Nardi & O’Day, 1999; Bruce & Hogan, 1998; etc.). For example, Zhao and

Frank (2003) argue that a school and its classroom can be viewed as an ecosystem within

which the characteristics and roles of different species continuously affect one another

and constantly change their relationships with one another. Bruce and Hogan (1998) also

argue for an ecological perspective in examining technologies because most technologies

become so enmeshed in daily experiences that they “disappear”, so only an ecological

perspective can give us a basis for understanding the interpenetration among technologies,

human beings, and the context within which they interact.

The concepts and mechanisms of an “ecology” are well-articulated by Odum

(1975, 1997). The term “ecology” means the study of the earth’s “households” including

the plants, animals, microorganisms, and people that live together as interdependent

components, or “the totality or pattern of relations between organisms and environment”

(Odum, 1975, p.3-4).



Main Concepts ofEcology

A fundamental concept in ecology that enables the holistic study ofboth parts and

wholes is hierarchy, a way to arrange things into graded compartments. Ecosystem is the

lowest level in the ecological hierarchy that has all the necessary components for

functionality and survival over the long term (Zhao & Frank, 2003). Ecosystems contain

both abiotic and biotic components. The abiotic part of an ecosystem refers to its

inorganic characteristics, while the biotic component of an ecosystem is composed of

populations of organisms or species. A species must have a habitat - the place where an

organism lives - and a niche - the role of the organism or species in the ecosystem. The

biotic component of a functional ecosystem has many species, each playing a unique role

and occupying a unique habitat. The most important species in an ecosystem is called

keystone species, which exert some controlling influence over the system (Odum, 1997).

The Mechanism ofEcosystems

An ecosystem is not a stagnant system. On the contrary, it is a dynamic system in

constant change, and its changes are systemic. The species interact with each other,

coevolve, and maintain the equilibrium of the system.

Coevolution

Another important characteristic of an ecosystem is that different parts coevolve,

changing together according to the relationships in the system: “coevolution involves

reciprocal natural selection between two or more groups of organisms with close

ecological relationships but without exchange of genetic information between the

groups.” (Odum, 1997, p.241). In a social ecology filled with people who learn, adapt



and create - even when tools remain fixed for a time - the crafi of using tools with

expertise and creativity continues to evolve, and the social and technical aspects co-

evolve (Nardi & O’Day, 1999, p. 53).

Co-evolution occurs through interactions between organisms, species, and the

environment. There are three main types of interactions in an ecosystem: “. . .either one

individual with another of the same species, or with those of distinct species, or with the

physical conditions of life” (Darwin, 1956, p.20). Within species, interactions are likely

to be influenced by population density - population size in relation to a unit of space.

Some species’ population growth is inversely density-dependent and they tend to level

off in density before saturation. Competition can happen within species or between

species when two organisms/species strive for something that is not in adequate supply

for both of them. The competition results in two general phenomena in an ecosystem:

first, closely related organisms often do not co-habit the same place, or if they do, they

occupy a different niche; and second, where a large number ofrelated species is present

in a region, the niche of each is often narrower than when only a few species are present

(Odum, 1975, p.134).

Interactions can be either negative or positive in terms of their effect. Negative

interactions are those by which both parties are hampered in some manner, known as

mutual inhibitions. Positive interactions can happen in three forms: commensalisms - one

species benefits and the other is not affected to any measurable degree; protocooperation

- both species benefit each other, but are not essential to each other for survival, and

mutualism - the association is necessary for the survival ofboth species (Odum, 1975,

p.141)



Equilibrium

An ecosystem has the homeostatic mechanisms that maintain internal equilibrium

through interactions and co-evolution. When a new species is introduced into an

ecosystem, it interacts with one or more existing species and the environment. For

instance, the new species may compete with existing species for resources to deveIOp.

Thus the equilibrium is broken, and the homeostatic mechanisms will work to re-achieve

equilibrium. Species work in a complementary manner in an ecosystem. For example,

when one species slows down, another may speed up in a compensating manner to

maintain the equilibrium (Odum, 1975, p.7). In this sense, a new species is an invading

species when it is introduced into an ecosystem. Similarly, technology uses introduced to

schools are a kind of “invading species.” Whether they can be successfully adopted and

become permanently established depends on the nature of the invading species and its

compatibility with the teaching environment (Zhao et.al. In press).

The Application ofEcological Theories in Education

Ecological theories have been employed by many researchers in social science to

study phenomena involving human beings. For example, Bronfenbrenner (1979)

describes social environments as multileveled and characterized by micro- and macro-

social “nested structures, each inside the next, like a set of Russian dolls.” (p.3) and he

points out that the microsystems were often the contexts ofparamount importance.

Rodkin and Hodges (2003) investigate how bullies and victims fit into their peer ecology

and define peer ecology as “that part of children’s microsystem that involves children

interacting with, influencing, and socializing one another” (p.385).



The ecology conceptual framework has also been borrowed by researchers in the

field of education. For instance, Keiny (2002) argues for “ecological thinking” as a new

approach for studying educational changes. She points out that the two traditionally

dominant models for studying educational changes - “top-down” and “bottom-up”

models - are based on linear drinking, which implies cause and effect, while an ecological

vision of educational changes is built upon circular causality, reflexivity, and interactions.

A school system can be viewed as consisting of subsystems, such as teachers, students,

and researchers. These components are connected with and influence each other, and

education is an “organic” system that promotes growth and development.

From an ecological perspective, Zhao and Frank (2003) investigate relationships

among the factors that have already been verified as related to school technology uses. In

order to construct a unifying ecological framework that is useful for analysis of

technology uses, they establish four metaphorical equivalents between technology uses in

schools and ecological issues: a) classrooms - the habitat - as ecosystems; b) computer

uses - niche - as living species; c) teachers as members of a keystone species; and (1)

external educational innovations as invasions of exotic species. Their findings suggest

that the ecological perspective can be a powerful analytical framework for understanding

technology uses in schools.

This study will examine technology uses from an ecological perspective. As Zhao

and Frank maintain, a school system can be viewed as an example of an ecosystem. First,

it is a combination of diverse parts and various relationships. It consists of abiotic

components such as school buildings and classroom equipment, and biotic components

such as students, teachers, administrative staff, technology staff, a school board, etc.



These species are closely connected to each other and the relationships are very complex.

Second, a school system has many different resources and materials and allows for

individual species’ proclivities and interests. Third, the social and technical aspects of

the school system interact with each other, influence each other’s development as new

ideas, tools, and activities arise and thus co-evolve. Fourth, technology use can be viewed

as a species because, like any other species, it has a niche - the role it plays in a school

ecosystem: to help learning and teaching. It needs resources to grow - money,

technology support, training, etc. It interacts with other species - it influences how

teachers teach and how students learn, and also impacts school social relationships. It

evolves - through interactions with other species and the environment. It evolves from

initial use to realized use. Fifth, an ecosystem is marked by the presence of the key-stone

species whose presence is crucial to the survival of the ecology itself (Nardi & O’Day,

1999). In the school ecology, the key-stone species are technology users - teachers and

students, the most important and essential components of a school system. Without

teachers and students, a school ecosystem no longer exists. Furthermore, teachers and

students determine (although they may not be able to decide) what the school ecosystem

is for and how it should work. In the process of using technology in teaching and learning,

teachers and students determine whether, what, and how technologies are used and thus

play a crucial role in technology integration.

In the school ecosystem, after a technology innovation is introduced into the

system, different users apply it idiosyncratically to solve different problems; this can

result in different technology uses. Specifically, in this study, teachers and students use

laptops in a variety of situations. For example, teachers use the laptops to prepare lesson

10



plans, to deliver curriculum content, to communicate with colleagues, parents and

students, and students use the laptops to do homework, to take notes, to play computer

games, and so on. Therefore, with the introduction of laptops, a variety of technology

uses are derived and introduced into the school system.

As mentioned previously, there are existing species in the school ecosystem, such

as existing technology uses, teaching and learning practices, teachers, students,

administrative staff, etc, and the abiotic components such as the classroom equipment and

various technological resources. This ecosystem is in a dynamic equilibrium. When a

new technology use is introduced into the system, it usually affects both informal and

formal activities (Nardi & O’Day, 1999, p.17), and it may also affect the social

relationships of existing species. The original equilibrium is very likely to be broken, and

this invading species interacts with existing species in the host environment. It is

hypothesized that the dynamic nature of technology use resembles that of an ecosystem.

For example, within-species competition can occur when two or more technology

innovations are present. Each ofthem competes for resources, support, students’ time and

energy, etc. When enough technology innovations are present - when population density

is high - it can be very difficult to introduce new technologies because population growth

will be inhibited. When there are many technology innovations, each ofthem might play

a less important role than when there are only a few, or a few ofthem play important

roles while others are not used very often. Negative interactions could happen when two

technology innovations compete for resources, or technology innovations and other

learning activities compete for resources; and positive interactions could happen in

situations such as those in which the knowledge ofone technology use facilitates the use

11



of the other. Species can also co-evolve in this system. For instance, students might

change their learning practice because ofnew technologies, and their learning practice

might also influence how they use technology. Thus both their technology use and

learning practice evolve together.

The invading species may also be reinvented to fit other species’ needs in the

process of its adoption and implementation. Rogers points out that re-invention is often

beneficial to the innovator because the flexibility in the process of adopting an innovation

may reduce mistakes and encourage customization of the innovation to fit it more

appropriately to local situations or changing conditions, and that alter re-invention, a

technology use may be more appropriate in matching an innovators’ preexisting problems

and more responsive to new problems that arise during the innovation-decision process

(1995, p.177). This statement is supported by a national survey of innovation in public

schools, from which Berman and Pauley (1975) found that when an educational

innovation was re-invented by a school, its adoption was more likely to be continued and

less likely to be discontinued.

Therefore, interactions can have three consequences: first, the new technology use

fits in the ecosystem well and is adopted; second, the new technology use is reinvented to

fit the local environment; and third, the new technology use cannot fit in the local

environment and/or cannot be reinvented and thus is rejected. A new dynamic

equilibrium will be achieved. The reinvented and adopted technology uses will co-evolve

with existing species and be integrated into this ecosystem until the new dynamic

equilibrium is broken by other new invading species and these existing species are

12



changed or replaced by other technology uses. Figure 1 illustrates the process ofhow a

technology use develops in a school ecosystem.

Technology use in an ecosystem is a process ofnegotiation among the species.

These species have different goals, which make them react to the same technology in

different ways; but they also have shared goals and shared approaches, which make them

work together and co-evolve. During the process of conflicts and cooperation, a

technology use can be accepted and become popular, or accepted marginally, or rejected.

Based on literature review of related research studies, the following section discusses

factors that may influence this process of negotiation in an ecosystem.
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CHAPTER 3

ANALYTICAL FRAMEWORK

--Factors Influencing the Dynamics of Technology Uses in Schools

To identify the factors influencing how different technology uses emerge and

evolve in the school system, a detailed analytical framework was developed through

literature review. In a study investigating conditions for teacher technology use, Zhao

et al. (2002) categorize the conditions influencing teacher technology use into three

domains: the innovator, the innovation, and the context, a useful classification. This

study will follow this categorization, but rename the categories as the key-stone

species (the users), the invading species (technology uses), and the ecosystem

environment (the context), in order to analyze factors influencing technology uses in

schools.

Factors Related to the Invading Species

The characteristics of the invading species play a vital role in its survival in

the hosting environment. Technology uses in this study are the invading species to an

ecosystem. Technologies differ greatly in many ways, such as the problems they can

solve, the resources they need, and the complexity of skills needed, etc. Based on

literature review, this study will focus on the following aspects of a technology (use):

the niche, compatibility, complexity, relative advantage, and innovation-decision

making.

The niche

In natural environments, species differ in their niches. Some species are more

flexible and function differently in different habitats, and some are less flexible in the
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roles they play. Species also vary greatly in the breadth of their niches and hence can

be categorized as specialists and generalists (Odum, 1975, p.). Odum (1975) points

out that specialists are often more efficient in the use of their resources and therefore

often become very successful when their resources are ample. However, while

specialists are more vulnerable to changes, generalists allow more chance for

variation since their niches are broader and thus have increased probability of being

adopted: “the more diversified the descendants become, the better can they seize on

places in the polity of nature, and so increase in numbers. . . .The more diversified the

descendants become, the more places they will be enabled to occupy” (Darwin, 1965,

p.34).

Just as species in natural ecosystems vary greatly in the rigidity and breadth of

niches, technologies vary both in their rigidity and breadth of uses. The broader the

niche, the more flexible a technology use is, and vice versa. Some technologies can be

used in different environments and for different purposes, such as Microsoft Word.

Some are more fixed, such as e-mail software. There are both advantages to and

limitations of specific and generic technologies. A specific technology could be easily

adopted in that the specificity helps users make the connection betweenthe tool and

the problem, but may also be easily rejected if the niche is occupied by other

technologies. On the other hand, a more generic technology may not be very explicit

in making a specific connection with a problem, but it allows for more creativity

(Zhao, 2003a), therefore it leaves more room for variation which increases the

possibility ofreinvention and adoption.

Compatibility

A specific technology use must be compatible with the whole ecology, both

from a technical dimension and from an ideology/epistemology dimension.
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Specifically, the compatibility of a technology use includes the following aspects:

First, the compatibility with existing school culture. Some technologies may be

incompatible with school policy or people’s (particularly adults’) beliefs. If one type

of technology use is inconsistent with the school district policy, it’s is very likely to

be banned. For example, chatting online is prohibited in some schools because

parents and teachers are afraid of the risk of communicating with strangers for

students. Playing computer games is another example that conflicts with the school

district policy in some schools. Second, the compatibility with existingpractice.

Compatibility with existing practice includes how technology applications fit into

ongoing classroom practice and the already established curriculum. Researchers have

pointed out that there is a mutual influence between technologies and the existing

practice in the context. On the one hand, technologies are usually used to facilitate

existing practice instead of fundamentally change it (Schofield, 1995, p.104). On the

other hand, “The already functioning social system and traditional practice which the

technology is placed shape the ways the technology is understood and used” (Bruce,

1993). Miller and Olson (1994) argue that teachers’ practice and experience influence

how teachers use technology and how they incorporate new tools and new symbols

into their teaching culture. Therefore, the more compatible a technology use is with

existing practice, the more likely it will survive. Third, the compatibility with

available technological support. If a technology use requires technology resources

and human technological support beyond the control of the innovators, it is less likely

to succeed.

Complexity

Complexity is “the degree to which an innovation is perceived as relatively

difficult to understand and use” (Rogers, 1995. p.242). Meaningful technology use
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should be not only intellectually challenging but also apprehensible. If the technology

innovation is too complex, users are less likely to use it. In the early days of

microcomputers, the command line interface was difficult to comprehend, making it

necessary to attain a certain mastery simply to use its functions. So these machines

were, by and large, only accessible to experts and “hackers.” The popularity of

personal computers since the 1980s can largely be attributed to the development of

user-friendly GUIs (Graphical User Interfaces), which lowered the complexity ofthe

machines and thus made them more accessible and understandable for the general

public. In a school ecosystem, the complexity of technology use should be compatible

with teachers’ and students’ technology skill levels. Research suggests that the

perceived complexity of a technology innovation is negatively related to its use. For

example, in a study investigating what technology innovations were selected and what

were discarded in a technology-rich environment for middle school students, Tan et al.

(2003) find that technology innovations that are recreational and require less complex

skills are more likely to be initiated and/or selected by students, and are more likely to

be used more frequently. Technology uses that are compatible with users’ current

technology proficiency level and share some similarities with users’ current

technology uses are viewed as less complex and also easier for users to make

connections between the technology and their problems or needs.

Relative advantage

Relative advantage is the degree to which an innovation is perceived as being

better than the idea or practice it supersedes (Rogers, 1995. p.212). Relative

advantage can consist ofeconomic benefits, social prestige, social acceptance, or

other benefits. Sometimes the early adoption of a technology innovation confers

social prestige, but later with the spread of that technology innovation, its adoption
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becomes a necessity (Pleto, & Muller-Wille, 1972). The relative advantage of

adopting a technology innovation is equivalent to the relative disadvantage ofnot

adopting it. The quick spread of cellular phones in China in recent years was to a

great extent pushed by the pursuit of social prestige and not wanting to be “left

behind”. The motivation of some school districts to install computers and Internet

access may be attributable to a desire to build a good school image and have a good

reputation because technology use has symbolic meanings. In addition, innovations

are more likely to be adopted when the expense of adopting new methods and tools is

justified by the major improvements they bring about.

Innovation decision-making

How technology innovations are introduced into the school system may also

have an impact on their success or failure. Rogers (1995, p.372) identifies three types

of innovation-decisions: 1. Optional innovation-decisions. The decisions to adopt or

reject are made by individuals and are independent of decisions made by other people.

2. Collective innovation—decisions, in which the choice to adopt or reject an

innovation are made by a consensus among members of a system. 3. Authority

irmovation-decisions, choices to adopt or reject an innovation made by a few

individuals in a system who possess power, status, or technical expertise. Different

decision-making approaches have different effects on whether and how the

technology innovation is adopted. Tan et a1. (2003) find that activities initiated by

students - the key-stone species in that ecosystem - are more likely to be adopted.

However, in the school ecology, usually it is the technology experts, board members,

or principals who decide to choose specific technologies, while the key-stone species

- the teachers and students - seldom have a say in the decision making processes. For

example, when trying to examine who was pressing for increased computer education
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in the 1980s, Besser (1993) found that the key forces advocating computer education

were corporate managers, higher education leaders, social/technology community

members, military personnel, the federal government and media: teachers were not

among these forces. As Cuban (1986) points out: “The technology and its initial

applications to the classrooms were conceived, planned, and adopted by

nonteachers. . .. School boards and superintendents initiated efforts for using the new

technology; only later were teachers involved in discussions ofhow to install it into

the classroom” (p.36).

Factors Related to Ecosystem Environment

The hosting environment is the context in which the innovation is introduced

and interacts with existing species. Research indicates that the context not only

influences how technologies are used, but also has a strong mediating effect on the

success (or failure) of technological innovations (Schofield, 1995; Zhao, et al., 2002).

Specifically, the human infrastructure and the technological infrastructure of a school

ecosystem are crucial to the success or failure of a technology use.

Technological infrastructure

Technology infrastructure includes quantity (availability) and quality of

hardware such as computers and Internet access, availability of software, and the ease

of accessibility to both hardware and software.

Hardware-quantity ofaccess. A basic condition for student technology use is

access, which includes technology access in school and at home. When computers are

viewed as expensive machines that should only be accessed by experts, there can’t be

much student use. For example, based on the International Association for the

Evaluation of Educational Achievement Computers in Education Project (IEA
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CompEd), Pelgrum and Plomp (1996) found that before 1992, there was little

integration of computer use in the curriculum of schools. Computers were mainly

used for computer education courses, typing classes, or similar technical (“drill and

kill”) activities. Although there was somewhat more integration of computers into the

curriculum in 1992, overall, the use ofcomputers in existing school subjects remained

limited. In the past 15 years, great efforts have been made to equip schools with

information technologies. As a result, the overall student-computer ratio in K-12

schools has dropped from about 168.0 to 6.0; i.e., there are now 6 students for every

computer (Anderson & Ronnkvist, 1999). More access to computers provides the

possibility for more computer use.

Technology access also includes access outside of school. Pelgrum and Plomp

(1996) found that students learned much about computers outside the school. Home

technology use can also facilitate teachers and students’ technology uses in school.

Easy availability. However, Zhao et al. (2002) point out that access is

different from easy access. Only when teachers and students have easy access to

computers, can they use technologies easily and meaningfully. Teachers are more

likely to use technologies when these technologies are available to them, available in

their classrooms as opposed to computer labs, and available in greater numbers.

Additionally, teachers who had more computers available in the classroom were

generally more likely to report assigning students to use various technologies to

conduct various tasks (U.S. Department of Education, 2000; Becker, 2000; Becker,

2001). Becker’s (2000) results show a strong relationship between how frequently

technologies are used during class time and whether there is a substantial number of

computers available in the classroom. However, according to one survey conducted

by the National Center for Education Statistics (NCES), although 84%t ofpublic
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school teachers had computers available in their classrooms, only 48 percent of the

teachers surveyed reported having more than one computer in their classrooms (US.

Department of Education, 2000). Becker (1999) also points out that although public

school Internet access increased from 35% in 1994 to 90% in 1998, only 39% of 4th-

12th grade teachers had some kind of Internet access in their classrooms (Becker,

1999), and one-half of all school computers remained in rooms that are separate from

where regular classroom instruction occurs (Becker, 1998). The separation of

computers from classrooms makes it difficult for teachers to seamlessly integrate

technology use into teaching activities.

Quality ofavailable hardware. Quality of available technologies may be

another factor influencing school technology use. Anderson and Ronnkvist (1999)

point out that although the presence of computers and the Internet has grown sharply

in recent years, much of the technology equipment currently in schools and

classrooms is from an earlier generation oftechnology - computers with less

processing power, less storage capability, and limited capacity for being linked

together electronically. Using contemporary standards for home and office computers,

over half ofthe computers are out of date. And in elementary schools almost two-

thirds are of limited capacity (Anderson & Ronnkvist, 1999). About one-half of the

computers available in schools lack a modern operating system and are not able to run

multimedia applications efficiently (Anderson & Ronnkvist, 1999; Becker, 1998).

Furthermore, as current technology continues to advance at a tremendous rate, it is

increasingly difficult for schools to “catch up with the moving train” (Becker, 1998).

Therefore, the quality of available technology infrastructure influences not only how

much technologies are used in schools but also how they are used.
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Software. Good instructional software/courseware can reflect research on how

students learn, align with national, state, or district educational standards, and be

integrated into the teaching and learning activities of the classroom. This can, in turn,

help teachers make the connection between technologies and their teaching content.

However, The California Instructional Technology Clearinghouse has rated only 6 to

8 percent of evaluated courseware as "exemplary," and from 33 to 47 percent as

"desirable." Less than half of the courseware submitted to the Clearinghouse had

sufficient quality to merit review (Coley, Cradler & Engel, 1997). Without good

software, it may be difficult for teachers to see how technologies can help them teach

and help students learn.

Human infrastructure

Human infrastructure is “the organizational arrangement to support technology

integration in the classroom” (Zhao et a1, 2002). It includes technical support staff,

administrative staff, and institutionalized policies and procedures related to

technology issues. Human infrastructure is the social support users can get from the

school system to make as much use of available technologies as possible. As

aforementioned, sufficient access to technology infrastructure does not naturally mean

sufficient technology use. Burbules and Callister (2000) point out that access issues

not only include who can afford a computer or who can get an online connection, but

also who can use the Internet and who can operate the software. Users who cannot

participate effectively across the full range of opportunities and resources the

information technologies provide cannot be said to have “access” (p.19). To help

teachers and students fully take advantage of available technologies, a supportive

human infrastructure is crucial. Iansiti (1998) argues that applying the right resources,

tools, and problem-solving approaches through the organizational process provides
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enormous leverage for technology integration. Specifically, this study focuses on the

following aspects ofhuman infrastructure: availability of technical support, support

from administrative staff, opportunities for professional development, promotion of

technology use in school policy, and development/technology training opportunities.

Technical support. “Technology is great - when it works”. Technologies can

solve problems, but they themselves become problems when they don’t work.

Teachers and students will inevitably encounter technical problems in their

technology uses. They are not likely to use technologies in classrooms if it is hard to

get technical help or it takes a long time to solve the problems. Therefore, providing

sufficient and timely technical support is very important to teacher and student

technology use. For example, a full-time technology coordinator may assist teachers

with using computer software and hardware or adapting their teaching practice to

include technology use. Conversely, lacking timely and sufficient technical support

can be a serious barrier to school technology uses.

Administrative support. School technology use also needs administrative

support, including strong principal leadership and supportive policy related to

technology use. Principal leadership has been identified as one of the most important

factors affecting the effective use of technology in classrooms; supportive principals

can not only model technology use but also highlight teachers’ effort to improve

teaching and learning through technology use (Byrom, 1998). Energetic and

committed school leaders can transform the entire school ecosystem into a

technology-use-fiiendly environment in which teachers and students feel encouraged

to use technologies. In addition, supportive policy is also important in that it ensures

an institutional plan in which a philosophy is established, roles are clarified, and an
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infrastructure is formed to accommodate the efforts of any individual who wants to

use technology.

Technology training opportunity. The fact that teachers do not always have

opportunities to learn about and practice instructional reforms has been identified as

one important factor that contributes to the success or failure of instructional reforms

(U.S. Department of Education, 2000). Research also shows that helping teachers

learn how to integrate technology into the cuniculum is a critical factor for the

successful implementation of technology applications in schools (Coley et al., 1997),

because “When teachers are not trained to use new technology, computers end up

being just souped-up typewriters” (Cuban, 2001). In the NCES survey, teachers who

reported spending more time in professional development activities (9 hours or more)

were generally more likely than teachers who spent fewer than 9 hours in such

activities to report feeling “well” or “very well” prepared to use computers and the

Internet for instruction. However, in 1999, only one-third of teachers reported feeling

“very well” or “well” prepared to use computers and the Internet for instruction (U.S.

Department of Education, 2000). Clearly, it is important to provide technology

training opportunities to teachers, either as a part of pre-service teacher education, or

as professional development for in-service teachers.

Similarly, technology training is needed to help improve student technology

use. Students can improve their technology proficiency through both formal

information technology education in school and informal technology education

programs such as computer Clubhouses. Studies indicate that technology-rich after-

school programs are effective in improving participants’ technology knowledge and

skills, especially on advanced technologies (e.g., Zhao, Tan, Lei, Shi, & Martineau,

2003).
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Having time to explore. Research has shown that lack of release time for

teachers to learn, practice, or plan ways to use computers or the Internet is one barrier

for teacher technology use (U.S. Department of Education, 2000; Zhao, Frank, &

Ellefson In press ). A supportive context should provide teachers and students time to

explore and get acquainted with technology. Experimenting with technologies can

help teachers and students in many ways. Papert (1992) suggests that any kind of

“playing with problems” will enhance the abilities that lie behind their solution

because spending relaxed time with a problem leads to getting to know it, and through

this, to improving one’s ability to deal with similar problems (p.87). Zhao, Tan and

Mishra (2000) state “Children, through active use of technology to solve problems,

are in a sense practicing and learning the new literacy brought upon them by new

technologies. Their mucking around with new technologies is actually a way to

participate in the future.” Burbules and Callister (2000) also point out that just

“messing aroun ” is an indispensable approach for users at all levels of sophistication,

because in doing so, they not only have a chance to work their way out of the problem,

but also an opportunity to discover new capabilities of the system they are using.

Zhao and Frank (2003) find that teaChers reported more computer usage when they

had explored new technologies on their own, and thus they suggest schools make the

effort to build in “play” time for teachers during the school day, and professional

development sessions to build in free time for teachers to explore technologies on

their own.

Havingfieedom oftechnology use. Research indicates that providing users,

especially students, with the freedom to learn with and about information technologies

is critical. Generally, in classrooms students don’t have the freedom to choose what,

where, when, and how they can work on computers. Teachers often see the computers
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as a tool to help them teach or manage the classroom, but feel uneasy about what

students might do with the computers, so students have limited options with new

technologies (Bruce, 2000). Zhao et a1. (2000) argue that if the students are given the

freedom to explore technologies by themselves, they will make creative and

productive use oftechnologies to solve their own problems and work on practical

projects. Computers in classrooms can help students learn more and better not only on

academic subjects but also on technology knowledge and skills if they are a

“children’s machine” instead of a “teacher’s machine.” Hence, freedom to learn with

and about technology can be an important factor in school technology use, especially

student technology use.

Factors Related to the Key-Stone Species

Key-stone species in this study include both teachers and students. Most

studies examining characteristics in school technology integration focus on teachers

because teachers have been viewed as the key factor in technology uses in classrooms

in that they decide whether, what and how technologies are used in classrooms(Cuban,

1986, Conway & Zhao, 2003, etc.). Therefore, this section will discuss factors that

can be applied to both teachers and students first, and then will consider some factors

that are unique to teachers.

SES:

The users’ socioeconomic status influences how they use technology in

different ways, directly or indirectly. For example, research shows that among those

with technology available in their schools, teachers in low minority and low poverty

schools were generally more likely than teachers in high minority and high poverty

schools to use computers or the Internet for a wide range of activities (U.S.
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Department of Education, 2000). One explanation for this may be that new

technology innovations are usually expensive and only people who can afford them

can adopt them and use them (Pelto & Muller-Wille, 1972), so people with higher

SES generally have more and better access to technology and thus may have more

technology experience and higher technology proficiency.

Gkndbr

Gender may also play a role in what and how technologies are used. For

example, Coley, et a]. (1997) found that females were more likely than males to have

word processing experience, while males were more likely than females to have

coursework or experience in computer literacy and computer programming, and more

likely to use computers to solve math and natural science problems.

Gkade

Research results indicate that grade level influences both teacher technology

use and student technology use. The survey conducted by the National Center for

Education Statistics (NCES) reported that while elementary teachers are more likely

to use computers or the Internet to communicate with parents, secondary teachers are

more likely to use computers or the Internet for administrative record keeping, and

teachers of fourth-graders were more likely than teachers of eighth-grade students to

report that their students used computers to read stories and practice spelling,

punctuation, and grammar (U.S. Department of Education, 2000). Another study

reports that the percentage of students’ technology use for school work almost daily

increases as the grade level progresses from 4th grade, 8th grade and 12th grade (Coley,

et al., 1997).
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Technologyproficiency

Since it is up to the users to make the connection between a technology

function and the problems they face, technology proficiency is of crucial importance

in how technology is used. Zhao (2003a) defines three levels of technology

proficiency: mechanic, meaningful and generative, and points out that at different

technology proficiency levels, users utilize technologies differently according to their

different understanding of technologies. Studies show that many teachers don’t use

the available technologies because they don’t have the corresponding skills and

knowledge to use these technologies, and some teachers readapt the technology

according to their own technology skill level and their goals. The NCES survey also

finds that for many instructional activities, teachers who reported feeling better

prepared to use technology were generally more likely to use it than teachers who

indicated that they felt unprepared (U.S. Department of Education, 2000). Further,

teachers’ technology proficiency not only influences how and what technologies they

themselves use, but also directly affects how their students use technologies. For

example, Becker (2000, 2001) finds that teachers with more computer knowledge are

more likely to have their students use more constructive software such as database

and multimedia authoring software, than teachers who are less technology-

knowledgeable, and the latter have their students use more skill-practice software.

The importance of technology proficiency of teachers and students has been

broadly recognized, and in the past few years, technology proficiency standards for

students and teachers have been publicized across the country. For example, The

American Association of School Librarians and Association for Educational

Cormnunications Technology (1998) published The Nine Information Literacy

Standardsfor Student Learning, which divided these nine information literacy
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standards into three categories: Information Literacy, Independent Learning, and

Social Responsibility. In 2000, the International Society for Technology in Education

(ISTE) developed the National Educational Technology Standards for Students and a

National Educational Technology Standards for Teachers. In 1998, nine states had

technology standards for teachers and another four were in the process of developing

technology standards for teachers (Zhao, et. al., 2003). Based on the most influential

ISTE technology standards, technology proficiency evaluation scales were developed

in this study to evaluate the technology proficiency of teachers and students

respectively.

Social awareness

People who adopt technology innovations are typically faced with a

challenging task ofresolving conflicts between the constraints of old practices and the

imperatives of the new technology (Bruce, 1993). Solving these conflicts is generally

beyond any individual’s immediate control. The innovators who have a higher/better

social awareness know where, from whom, and when to get help, and thus have a

better chance to use technology innovations more frequently and more successfully.

Social network

People’s social network plays a vital role in their technology uses because, as

social beings, they are easily influenced by other people such as supervisors, peers or

parents. If the innovator is highly interconnected through interpersonal networks in a

social system, he/she is more likely to be exposed to technology innovations, mass

media communication channels and interpersonal communication channels, and is

more likely to be influenced by innovative people (Rogers, 1995, p.273-274). Social

networks can also provide both technical support and psychological pressure for

teacher technology use (Zhao, Frank, & Ellefson, In press). Peer influence is an
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important factor in most people’s lives, especially students at the middle school level.

They value peers’ opinions highly and are heavily influenced by them. If the

innovator’s peers use technology frequently and/or proficiently, he/she is also likely

to use technologies frequently and proficiently, and vice versa. Furthermore, from the

social—cultural perspective, cognitive development results from a dialectical process in

which a student learns through problem-solving experiences shared with someone else,

usually a parent or teacher but sometimes a sibling or peer (OPA). A positive peer

environment also helps people explore and accept new ideas and learn new

technologies.

Teachers and students also influence each other’s technology use. Teachers’

technology use not only creates classroom environments that are inclusive and

engaging so that the opportunities afforded by technology are used wisely and

creatively, but also provides a social supporting environment where students feel

encouraged to use technology. Students’ technology use can also influence teachers in

some ways. On the one hand, technology proficient students can help teachers use

technologies in the classroom, which provides teachers with technological support

and human support, and at the same time helps to create an encouraging environment

for technology use for everyone in the class. On the other hand, students’ technology

use also makes teachers feel the urgency to catch up in their own technology uses to

keep their sense ofcompetency and classroom authority (Schofield, 1995).

Teacher beliefs about technology

Teachers’ beliefs affect whether, and to what extent they use technologies.

Studies show that teachers are viewed as important agents ofchange in the reform

effort currently underway in education and thus are expected to play a key role in

changing schools and classrooms. Paradoxically, however, teachers are also viewed as
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major obstacles to change because of the conflict between the reform and their

existing beliefs (Prawat, 1992). Regarding technological reforms, research has shown

that most teachers hold an incrementalist viewpoint on technology uses, which holds

that the goal of technology use is not to fundamentally change education practices but

to help teachers and students do what they are currently doing more efficiently and

effectively (Schofield, 1995, p. 104). Russell, Bebell, O’Dwyer, and O’Connor (2003)

suggest that teacher beliefs about the importance of technology for teaching are

crucial in their decisions to adopt and frequently use technology in classrooms, and

it’s also an important predictor for teacher-directed student use.

In addition, Zhao et. a1. (2002) find that if technologies are viewed as the

means to an end rather than an end in itself, successful technology use in classrooms

is more likely to happen. When the value of technology is limited to peripheral

firnctions, the likelihood of successful technology use is greatly reduced.

Pedagogical beliefs (teacher)

Teachers’ beliefs and understanding of what good teaching is and what the

nature of learning is play an important role in classroom technology use. Becker

(2001) differentiates two teaching philosophies: traditional transmission instruction,

which believes that students learn facts, concepts and understandings by absorbing the

content delivered by teachers or from texts and that skills are mastered through

practices; and constructivist-compatible instruction, which believes that understanding

arises only through prolonged engagement ofthe learner in relating new ideas and

explanations to the leamer’s own prior beliefs. His study finds that teachers with the

most constructivist teaching philosophies are stronger users of computers and they

also encourage their students to use computers in their work more. Furthermore,

constructivist teachers are also reported to have a greater variety of computer use. The
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Office ofTechnology Assessment of the US Congress also reports that some teachers

use technology in a traditional teacher-centered model ofteaching, while other

teachers use technology to support different, more student-centered approaches to

instruction. The latter kinds ofteachers are among the most enthusiastic technology

users, since technology is particularly helpful in supporting this kind of teaching. (U.S.

Congress, Office of Technology Assessment, 1995, pp. 1-2). Conversely, teachers

who believe in a more traditional transmission-oriented approach will find most

technology innovations incompatible with their pedagogical goals and will therefore

use a more limited range of technologies (Becker, 2000).

Teaching experience (teacher)

Research has shown that teachers with varying years of teaching experience

differ with respect to how and to what extent they use technologies. Generally

speaking, teachers with the fewest years of teaching experience were more likely than

teachers with the most years of teaching experience to use technologies (U.S.

Department of Education, 2000; Russell, et. al., 2003). Ifwe assume that teachers

with the fewest years of teaching experience are younger teachers, then this

phenomenon may be due to the fact that new teachers have grown up in a technology-

rich environment. As they enter the teaching profession, their comfort and skill with

technology lead to increased use of computers for instruction. The length of teaching

experience also influences how technologies are used. Russell et. a1. (2003) find that

teachers with less than 5 years of teaching experience use technologies significantly

more for instruction preparation than teachers with 15 or more years’ teaching

experience, but require students to use technology during class time significantly less

than more senior teachers.
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Teacherperception (teacher)

Zhao and Cziko (2001) argue that teachers must be viewed as goal-oriented,

purposeful organisms in order to understand why technologies are or are not used.

Teachers have a hierarchy of goals. They use lower-level goals to attain higher-level

goals, and the importance of any decision is determined by its capacity to contribute

to the achievement of higher-level goals. Therefore, teachers’ decisions related to

whether, what, and how technologies are used are made based on their perceptions of

technology in relation to their hierarchy of goals. Cuban (1986) also argues that

teachers’ holistic perspective of what is important to students is one of the major

resistances to converting classrooms into technical enterprises: “To question

computer use in schools is to ask what schools are for, why teachers teach certain

content, how they should teach, and how children learn” (Cuban, 1986, p.98).

Teachers are not motivated to tackle the challenges of technology uses unless they see

how these technology uses will help improve teaching and learning (US Department

of Education, Office of Educational Research and Improvement, 1993). Furthermore,

teachers’ perceptions of barriers to technology use also influence how and to what

extent they use technology. For example, teachers who perceived the lack of

computers and time for students to use computers as great barriers were less likely

than those who did not perceive these conditions as barriers to assign students to use

computers or the Internet for some instructional activities (U.S. Department of

Education, 2000). Therefore, as predicted by Cuban (1986, p.99) almost 20 years ago,

new technologies will be tailored to fit the teacher’s perspectives.

Subject taught (teacher)

Research has found that technology use in different classrooms varies. Becker

(2000) finds that students in computer classes and business classes use technologies
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most often, while social studies, math, and fine arts classrooms have the least student

technology use. Zhao and Frank (2003) find that teachers of English are especially

likely to use computers and that these teachers view computers as a natural tool for

student writing activities. Another study reports an interaction between subject area

and technology ability in both teachers’ and students’ technology use (Becker, 2001),

and Becker suggests that the difference has much to do with the objectives of teachers

in different subject areas and of students with different ability levels.

Outcomes

This study will examine both the quantity and the quality of technology uses

with a major focus on the quality. The quantity of technology uses includes the

frequency of a specific technology use and the amount of time spent on it. The

quality of technology use will focus on four aspects/results of technology use: 1)

academic achievement evaluated by GPA; 2) technology proficiency; 3) Learning

Habits; and 4) developmental outcomes such as self-esteem, Life skills and attitude

toward school.

Student GPA

One of the fundamental goals of integrating technology in schools is to

improve student academic achievement. Therefore, the impact of technology use in

student academic performance is one major criterion for the quality of technology use.

In this study, student academic achievement is evaluated through GPA.

Improved technology proficiency

Meaningful technology use can help improve users’ technology proficiency. In

the first place, meaningful technology use can help students develop a deep

understanding of information technology. As Piaget points out, "To know an object is
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to act on it. To know is to modify, to transform the object, and to understand the

process of this transformation, and as a consequence to understand the way the object

is constructed” (Piaget, 1964). Dewey claims that the importance of an idea is to be

located in its consequences when they are put to real-world use (1963). Resnick (1987)

also suggests that mental activities make sense in terms of their results in specific

circumstances. Thus, only through actually using technology can students really

understand technology’s concepts and functions, because “understanding is developed

through continued, situated use” (Brown, et al., 1989). Furthermore, meaningful

technology use can also help students understand its context, or the world in which

technology is used. “Learning and thinking are always situated in a cultural setting

and always dependent upon the utilization of cultural resources.” (Brunet, 1996, p.4).

In the process of using information technology, students can not only understand the

nature of information technology, but also can connect information technology with

the context in which technology can be used to solve problems. Thus, in this study,

changes in participants’ pretest and post-test technology proficiency will be examined

as one aspect of the quality of their technology uses.

Learning Habits

Learning habits, or studying habits, are “a set of behaviors related to how

students organize their time and space to promote systematic study behavior”

(Christensen, Issacs, & Isaacs, 1991). Researchers have studied the importance of

learning habits in teaching and learning and how technology can play a role in

enhancing student learning habits (Leanmson, 1999). For example, Butler and Cartier

(2004) argue that to be successful in an academic arena, students must adopt a

working habit that can help them carefully interpret the requirements of learning tasks.

Bennett and Diener’s study (1997) suggests that properly used, technology can help
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students enhance their learning habits. Therefore, student learning habits is included

as one aspect of student outcomes in this study.

Developmental outcomes

Middle school time is a very important period ofdevelopment, and academic

achievement is only a part of that growth. Technology can provide a variety of

experiences for children and youth and may provide them with the opportunity for

self-exploration. Researchers have explored the role of technology activities in

helpingstudents’ developmental aspects such as attitude toward schooling, self-

esteem, and life skills (Zhao, et. a1, 2003).

Based on above criteria, this study evaluates the quality of technology uses by

their impact on student GPA, technology proficiency, learning habits, and

developmental outcomes.

Table 1 lists variables investigated in this study. It is important to note that

some of the factors may relate to each other. The potential correlation between

factors will be considered both in data analysis and result interpretation.
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Table 1: Variables Investigated In This Study

 

Variables Data source/Scale
 

Ecosystem

Technological infrastructure

1. quantity ofaccess

2. quality ofaccess

3. Easy availability

4. software

Survey

Likert-scale 1-7

 

Human infrastructure

1. Technical support

2. Administrative support

3. Technology training

4. Having time to explore

5. Having freedom of technology

use

Survey

 

Key-stone species

SES

Gender

Grade

Tech. proficiency

Social awareness

Social network

Teacher beliefs: technology,

pedagogy

Teaching experience

Teacher perception

Subject taught

Survey

 

The invading species

Niche Survey
 

Compatibility-- compatibility with

existing school culture

Survey

 

Compatibility-- Compatibility

with existing practice

Survey

 

Compatibility-- Compatibility

with available technological

support

Survey

 

Complexity Survey
 

Relative advantage Survey
 

Innovation Decision-making Survey
 

Outcomes

 

Quantity
Frequency

Time spent on computers

Survey
 

Survey
  Quality  GPATechnology proficiency

Learning Habits

Developmental Outcomes

Survey
 

Survey
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Categorizing Technologv Uses

As discussed earlier in this paper, a technology innovation may be adopted

and reinvented by different users as species interact and negotiate, and, thus, may

take an inexhaustible number of forms which represent realized technology uses. To

make the data collecting and analyzing more manageable, technology uses in this

study are categorized into groups for teachers and students (Table 2).

Student technology uses are categorized based on Bruce and Levin’s (1997)

four categories of media: technology use for inquiry, technology use for

communication, technology use for construction, and technology use for experience.

For example, the same technology, the Internet, can be used in different ways when

solving different problems or serving different goals, and the different uses can be put

into different categories: using the Internet to search for information is technology use

for inquiry, to chat with others is technology use for communication, to build a

website about oneself or the school is technology use for construction, and to surf

online for firn or to explore is technology use for experience.

Teacher technology uses are classified based on teacher technology use

categories developed by Russell and colleagues (2003). Based on survey data

collected from 2,894 teachers in 22 school districts, they defined six specific

categories of teacher technology use: to deliver instruction, to prepare for instruction,

to accommodate instruction, to communicate with others in and out of the school, to

direct students to use technology, and to manage classroom such as recording grades.

For instance, using PowerPoint to present teaching content is technology use to

deliver instruction; using the Internet to search for information needed for a lesson is

technology use to prepare for instruction; sending an e-mail to students’ parents is
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technology use to communicate with others, and using Excel to record student grades

is technology use to manage classrooms.

Table 2: Categories of Technology Uses

 

Key-stone species Technology use examples

 

 

 

 

 

for inquiry Internet + research

for communication Internet + chatting

Students

for construction Internet + web authoring

for expression Internet + surfing online

to prepare for instruction Using Internet search for

information needed for the class

to deliver instruction Using online learning programs

to accommodate Using Internet for incidental

instruction learning

Teachers to communicate with E-mail students, post assignments

others online, etc

 

to direct students to use

technology

Guide students to use Internet such

as Webquest

  to manage classroom  Using online class management

system
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CHAPTER 4

METHODOLOGY

This chapter explains the participants, instruments, data collection and data

analysis for this research.

Participants

Participants of this study were students and teachers in a middle school in the

United States of America. The school is located in a middle- and upper-class

neighborhood with about 1% of students receiving free or reduced-cost lunch. The

student enrollment was 237, and the teacher-student ratio was 9.1 (2003-2004 school

year). The school has extremely rich technology resources: Every classroom is

equipped with a computer projector, overhead projector, TV, and VCR, and the whole

building has wireless Internet access. In October 2003, the school launched a laptop

project which provided a laptop computer for every teacher and student.

Instruments and Data Collection

Data were collected over one academic year through three approaches: surveys,

interviews, and classroom observations.

Surveys

Surveys were administered to both students and teachers. Both surveys

included pretest surveys and posttest surveys. Pretest surveys were administered at the
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beginning of the academic year before the laptops were distributed, and posttest

surveys were administered at the end of the academic year.

Student survey.

Student pretest surveys included the following sections: 1) Demographic

information, such as SES, grade, and gender. 2) Investigation of current technology

use, such as how much time do you spend on working on computers very day, what

do you use computers for, whom do you turn to when your computer doesn’t work,

etc. Questions in this section were all multiple-choice questions. 3) Investigation of

the key-stone species variables such as their attitudes and beliefs toward technology,

perception of technology use, attitude toward schooling, self-esteem, behavior, social

network, social awareness, etc. Questions in this section were Likert scale questions

using a scale of 1-5. 4) Evaluation on current information technology proficiency.

Based on existing literature, especially current student technology standards, one

technology proficiency scale was developed to evaluate students’ information

technology proficiency. Participants were provided with a series of technology

situations, and then asked to solve a practical problem by working on a multiple

choice question in each situation. 5) Questions related to the context, such as “I have

easy access to technology resources such as software”, “I can easily get help when my

computer doesn’t work”, “I have opportunities to learn about technology”, etc.

Questions in this section used Likert scale with a scale of 1-5.

Student posttest surveys included all the sections 1-5 in the pretest survey, and

had one more set of questions on variables related to actual technology uses. Based on

data collected from interviews and classroom observations, possible technology uses

were listed and participants were asked to rate each technology use along a few

characteristics such as compatibility, complexity and relative advantage, and to report
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how often each specific technology was used. All questions in this section used Likert

scale questions with a scale of 1-4 with 1 indicating “not at all” and 4 indicating “very

much/often”.

Teacher survey.

Teacher surveys included 4 sections: Section lwas about teacher background

information, including subjects taught, workload, time spent on computers, computer

use, years of teaching, and grade taught. Questions in this section were multiple

choice questions. Section 2 investigated teachers’ attitudes and beliefs, including

attitude toward using technology, beliefs in using technology and pedagogical beliefs.

Statements on attitudes and beliefs about technology use were listed and teachers

were asked to indicate the extent they agreed with each statement on a Likert-scale

from 1 to 5 with 1 indicating “strongly disagree” and 5 indicating “strongly agree”.

Section 3, which was a set ofproblem-solving scenarios developed according to

technology standards for teachers, evaluated teacher technology proficiency. Section

4 listed possible technology uses for teachers based on interviews and classroom

observations, and asked teachers to rate each technology use on four characteristics:

how often it was used, how difficult it was to use, how much change was needed to

use it, and how beneficial it was.

Classroom observations

At two different points in time during the academic year, the researcher

observed how teachers and students use technology (including the laptops) in

different classroom settings. Data were collected through observations. Written

consent was sought from teachers, students and their parents. The data obtained were
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from those teachers who gave written consent and those students who gave written

consent along with their parents.

Interview

In—depth interviews were conducted twice over the academic year. Ten

teachers and nine students were interviewed in the first interview, and six of the 10

teachers were interviewed again in the second interview. The interviews were

designed to get inside stories on how the subjects used technology, for what

purpose(s), what factors influenced their technology use, and how their uses had

changed over time, etc. All participants were interviewed individually, and each

interview lasted for 25-50 minutes. For data coding purposes, all interviews were

audio-recorded. Written consent was sought from teachers, students and their parents.

In addition to individual interviews, group interviews were also conducted at

four teacher team meetings, two at each time point.

Data Analysis

Data cleaning

Student data cleaning.

There were 237 students attending this middle school during the 2003-2004

academic year. 207 students finished pretest surveys, and 200 students returned valid

(the number of missing values in returned surveys was smaller than one third of total

items) posttest surveys. Among them, 177 students finished both pretest survey and

section 1-5 ofposttest survey. Data from students with section 6 (technology use)

missing from their posttest surveys and those with more than one third of all
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responses missing were deleted (N=34), and data from special education students

were also deleted (N=10) from dataset one. Therefore, 133 students’ data were

retained for final data analysis. Of the 133 students, 64 (48%) were male, 69 (52%)

were female, 64 (48%) were 7th graders, and 69 (52%) were 8th graders.

Teacher data cleaning

28 teachers finished pretest teacher surveys. 20 of these returned valid posttest

surveys while 8 teachers, who did not participate in the pretest surveys. Data from

part-time teachers (N=2) and teachers who taught non-academic subjects such as PE,

Music and Counseling (N =6) were deleted. Finally 20 teachers’ data from both

surveys were retained for final data analysis.

Reliability Check

Reliability was checked for research designed scales. The reliability of the

student technology proficiency scale was 0.62 for pretest survey, 0.64 for posttest

survey, and 0.69 for both pretest and posttest surveys. The reliability of the student

technology use frequency scale was 0.92, for the technology use benefit scale was

0.95, and for the technology use difficulty scale was 0.95. The reliability of teacher

technology use frequency, difficulty, change, and benefit was 0.76, 0.92, 0.79, and

0.85 respectively. Please see Table 3 for details.
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Table 3: Reliability Check for Research Designed Scales

 

 

 

 

 

 

 

Scales Subscales Reliability

Student Technology Proficiency Pretest 0.62

Posttest 0.64

Both Pre-post test 0.69

Student Attitude and Belief Pretest 0.84

Posttest 0.94

Both Pre-post test 0.95

Student Technology Use Frequency 0.92

Difficulty 0.95

Benefit 0.95

Teacher Technology Proficiency Pre-test 0.35

Post-test 0.34

Teacher Attitude and Belief Pre-test 0.73

Post-test 0.77

Both Pre-post test 0.84

Teacher Technology Use Frequency 0.76

Difficulty 0.92

Benefit 0.79

Change 0.85  
 

Data integrating

Based on study design and through Principal Component Analyses, the teacher

data were reduced to the following variables: positive belief about technology, current

technology use status, social/self aspect of technology use, time constraint as a barrier
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of technology use, computer anxiety, school rapport, negative attitude on technology

use, computer interest, perceived technology support, traditional pedagogy,

constructivist technology, social connectedness, time spent on technology, and

technology use variety(see Appendix A for detailed information).

For each student, all teachers that he/she had taken courses from during 2003-

2004 academic year were identified. Data of these teachers were pulled out for each

student. For every teacher variable, a mean score was obtained by taking the average

of the scores on this variable for all teachers this student had, and a variation score

was obtained through calculating inter-quartile scores. The mean scores and variation

scores on teacher variables were integrated with the data from each student. The final

data set included data for each student on both pretest and posttest surveys and the

aggregated data of the teachers each student had. Taking students as the key-stone

species, all the teachers they had were viewed as environmental factors.

Data analyzing

According to several specific research questions, this study applied a number

of data analysis methods. First, paired Sample T tests were conducted to identify

changes in the users and environment. Correlation analysis were conducted to reveal

the relationships between the Key-stone species and the environment, and

Multivariate General Linear Model and Linear Regression analyses were employed to

reveal the complex relationships between different species and the environment and

how the relationships changed over time.

Second, qualitative data collected from interviews and classroom observations

were coded according to specific research questions. Coded data were analyzed to

describe and explain the process of co-evolution, such as how innovation decisions
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were made, how different users applied technologies to solve their problems, how

different factors interacted with each other, how technology use was rejected or

adopted, and how it interacted with existing species and the environment. Patterns

were identified and specific cases and examples were derived from these data.

Third, for the final depiction of the nature and process of technology use in

schools, a relationship model was constructed based on theories and previous research.

Multivariate General Linear Model analyses were performed to identify possible

statistically significant relationships, and on the basis of these, individual Linear

Regression models were built to verify the final theoretical model.
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CHAPTER 5

RESULTS AND DISCUSSIONS

This chapter discusses the main results from data analyses that address three

major research questions: a) What the dynamics of technology use in schools are,

which will entail a holistic discussion of the nature and process of technology use. b)

How different technology uses have changed over time; and c) What influences

change in technology use;

5.1. The Big Picture: Co-Evolution—the Dynamics ofTechnology Use In Schools

Through examining technology use in schools from an ecological perspective,

findings from this study reveal that what and how technology is used in schools is not

decided by the users alone, neither is it decided by the specific technologies, or the

school environment, but by the ongoing dynamic interactions among the users,

technology uses and the school environment.

As shown in Figure 2, students and their environment have mutual influences

on each other, the environment changes over time, and student characteristics

influence changes in the environment; the environment factors influence how teachers

use technology, which also affects the way teachers teach; student characteristics,

environment factors, teacher technology use, and pedagogy influence how students

use technology; students’ technology use has some impact on their performance and

developmental outcomes, which exert further influence on the environment. Therefore,

the three major components are inter-dependent and interconnected, and they exert

influence on each other. Any change can be felt throughout the whole system because
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of the strong interrelationships and dependencies in the ecosystem. The change in one

component may cause changes in other components, which result in further changes

in the whole system.

Figure 2: Co-evolution: The Dynamics ofTechnology Uses in Schools
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1n the following section, specific results related to the mutual influence and

interconnections between the users, the environment, and technology uses will be

presented to illustrate how the different species affect each other, co-evolve, adapt to

and change the environment.

The interconnection and mutual influence between users and the environment

First, users and the environments have mutual influences on each other. On the

one hand, users are not just passive recipients sculptured by their environment. On the

contrary, they exert a certain influence on their environment. As Lewontin (2000)

points out, the organisms not only decide what constructs their environment, but also

are “in a constant process of altering their environment” (p.55). Moreover, “organisms

alter not only their own environment but also the environments of other species in
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ways that may be essential to the life of those other organisms” (p.55). On the other

hand, the environment also affects the activities and relationships of the species.

Table 4: Relationship between the organism and the environment at time 1

Correlations Pearson correlation) (N = 130)
 

    
 

Environment

variables Time 1

pressure negative Perceived

Student variables of tech time tech attitude on tech

Time 1 use constraint anxiety tech support

Pretest GPA .351(**) -.224(*) -.181("‘) -.096 .213(*)

Time spent on

.191(*) .069 .038 .050 .189(*)

computers

Learning Habits .082 -.189(*) -.181(*) -.189(*) .107

FITness .292(**) -.013 -.072 -.041 .321(**)  
** Correlation is significant at the 0.01 level (ll-tailed).

* Correlation is significant at the 0.05 level (2-tailed).

As shown in Table 4, students’ characteristics are closely related to their

environment. For example, students’ learning habits represent an important factor that

is significantly related to a number of environmental factors. Specifically, the better

the student’s learning habits, the less likely his teachers view time constraint as one

barrier in using technology, the less computer anxiety his teachers feel, and the less

negative attitude they have on technology. Higher student technology proficiency is

related to higher pressure for using technology in the environment, and also related to

higher perceived technology support. This is probably due to the fact that more

technology proficient students not only help their teachers recognize the importance

and possibility of using technology, but also actually provide technology support to

their teachers in the classrooms.
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The school environment changed overtime

The school ecosystem is a lively, human, and intensely social place, even if it

incorporates very advanced technologies. It provides many different resources and

materials and allows for individual proclivities and interests. As species in this

ecosystem change over time, the ecosystem changes too. In addition, the social and

technical aspects ofan environment co-evolve. As a dynamic system, the school

ecosystem evolves as things come and go, and relationships between species change

overtime. Changes can occur in any dimension or in multiple dimensions. For

example, with more and more technologies coming in, technology availability is

gradually increased, and hence there are improved opportunities for teachers to

interact with and use technologies. Other factors such as how peers use technologies

and what expectations parents and students hold for the teachers in terms of

technology use all have an impact on how a teacher uses technologies.

As shown in table 5, almost all environmental factors changed significantly

over one academic year. Compared with the beginning of the year, teachers spent

more time on computers at the end ofthe school year, their beliefs and attitudes

significantly increased, while their perception of the availability of technology

support decreased considerably. This may be due to the fact that with increased

technology use, more technology support was needed, or that their expectations of

adequate technology support were not met.
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Table 5: Changes in the environment

 

 

Mean Variation

P P

difference Difference

Positive belief .081 .004 -.066 .376

School rapport .1 86 .000 .1 80 .001

Attitude on Laptop .437 .000 -.032 .147

Attitude on tech use .335 .000 -.168 .000

S/S Aspect ofTech Use .345 .000 -.475 .000

Pressure on tech use .2545 .000 -.231 .000

Time on tech use .322 .000 .343 I .000

Time constraint -.299 .000 -.067 .214

Tech anxiety -.276 .000 -.317 .000

Tech interest -.004 .766 -. l 89 .000

Perceived Tech support -.074 .012 .318 .000

Environment Having Many

-.031 .033 -.061 .006

Innovation i

Social connectedness -.265 .000 -.092 .000     
Teachers have changed greatly. The changes are visible to students. During

the interview, one student said: “At the beginning of the year, because this is the first

year the teachers have laptops, so at the beginning, they kind of don’t know what to

do with us. We asked: can we use out laptops? They said: “NO.” because they didn’t

know what we could do on the computers. As opposed to taking notes on our

computers, we could go on to the Internet, and it was hard for them to tell. But now

they know when we are at the First Class.” Another student also said: “The teachers
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have changed; they’ve grown to like it, the laptops. I think they are better with them

(laptops) as they are using them more.”

Parent involvement has significantly increased in the last year. At the

beginning of the academic year, parents, in general, spent little time with children

working on their homework or on computers. About half of the parents (46.3%) spent

no time working with their children on their homework, and 78% ofthem never

worked with their children on computers. At the end of the school year, parents spent

significantly more time working with their children on their homework and on their

computers. The percentage ofparents who never spent any time working with their

children on their homework or computers decreased to 31.6% and 54.2% respectively.

One direct benefit ofthese changes is timely and convenient communication

between teachers, students and parents, which seems lead to more equal learning

opportunities: “I can say that students and parents can not say that they are not aware

of what’s going on in the school, what’s going on with their child. Students cant’ say

they don’t know what’s going on in their classes even if they are on a field trip.

Everybody is on an equal ground in terms of information available. Set everybody on

the same page in terms of the goals and objectives ofthe school.”

Concerns related to technology use

However, “With great power, comes great responsibility”. The laptop project

has provided great opportunities and resources for teaching and learning, but also

brought some new issues that teachers, students, and parents need to learn how to deal

with.

As an innovation in its experimental stage, the laptop project has inevitably

aroused some concerns, mainly from adults. For example, 39.3% of the teachers

believed that it had become harder for their students to concentrate in class after
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having the laptops. They thought that students were being distracted by the Internet,

e-mail, games, music, and so on. However, students were more optimistic about their

ability to deal with laptop related problems. Most of the students (83.9%) did not

agree that it was harder for them to listen to the teachers in class after having a laptop.

Data from interviews also show that students were able to recognize the potential

distractions attendant with having laptops, and they were learning to deal with these

problems. Classroom observations reveal that the extent of students not concentrating

in class varied greatly in different classes. Some teachers had good strategies to

monitor students and kept students engaged in their tasks, while a few teachers were

deeply concerned with this problem.

Another concern related to how to teach students to be more critical and not to

take everything online for granted. Teachers worried that students might just copy and

paste from the Internet, that they did not think critically, and took everything online as

facts without careful scrutiny. Some teachers started thinking of ways they could help.

For instance, one literacy teacher, through the Media Literacy Grant program, was

teaching students to be more conscious consumers of the laptops and media, to learn

how view things critically and scrutinize them.

Some of the concerns are actually attitudes and beliefs. Some people are more

comfortable with traditional ways ofteaching and learning and do not feel secure with

innovations and changes. For instance, some parents preferred their children learn

from books than computers, although no evidence showed that learning from books

was better or more efficient than learning from computers. Similarly, some teachers

worried about students’ ability to read and write with paper and pencil. Like these

parents, some teachers hoped students would still value traditional ways of learning

through books, paper and pencil. Their feelings were mixed because, on the one hand,
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they knew students were going to be living in a digital era where paper and pencil

might not be as important as in the past; on the other hand, they still wished students

would have good penmanship and appreciate the value ofbooks.

It might be helpful for teachers to discuss these issues and exchange their

experiences and ideas, and also to discuss them with students and help them better

discipline themselves in class.

What contributes to the environmental changes

The school ecosystem has changed significantly along ahnost all the

dimensions evaluated. This section presents regression analysis results for two major

dimensions of environmental factors: technology support and time constraint as a

barrier in technology use.

What aflects teacherperceived technology support at the end ofthe school

year. This regression model is statistically significant (P < .001) and it explains 46.2%

of the total variation.

Table 6: What affects teacher perceived technology support at the end of school year

 

 

 

Effect Regression coefficient t p

Effect

[3 SE([3) size

(Constant) 1.845 .426 4.326 .000

Teacher social

.398 .101 0.69 3.924 .000

connectedness Tl

 

Gender -.024 .041 -0.10 -.58 .562

Grade -.229 .046 -0.87 -4.96 .000

GPA .l 12 .037 0.54 3.06 .003

Student FIT T1 .012 .008 0.25 1.43 .156

S Learning Habits T1 .021 .040 0.09 .52 .602
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As shown in Table 6: student grade and GPA have some impact on teacher

perceived technology support. Comparing with 8th grade, 7’11 grade teachers have more

perceived technology support (ES= .87, P < .001). Students’ higher GPA also helps

improve teachers’ perceived technology support (ES = .54, P < .01)

Table 6 also shows that how socially connected teachers are is a critical factor

influencing their perception on technology support (ES = .69, P < .001). In this study,

“social connectedness” means how much interaction a teacher has with her/his

colleagues. The more socially connected a teacher is, the more technology support

s/he can get. This finding confirms previous research arguments that teachers’ social

network affects the social capital they can get (Frank, Zhao, & Boreman, 2003), and

more socially connected teachers have a better awareness on where and how to find

help when needed.

Students influence the degree of teachers’ viewing time constraint as one

barrier in using technology, which greatly affects how much technology is used by

teachers. This regression model is statistically significant (P < .001) and it explains

75.4% of the total variation.

Table 7 shows that students’ grade level and their pretest technology

proficiency influence their teachers’ perception of time constraint as a barrier in using

technology. Comparing with 7th graders, the teachers of 8th graders are significantly

more likely to view time constraint as a barrier in using technology (ES = .98, p

< .001). Student technology proficiency has positive impact on teachers’ perception

on time constraint (ES = .30, p = .088). This may because students with higher

technology proficiency not only need less help on using technology to complete

learning tasks, but also may help teachers solve technological problems in classrooms,

thus help teachers save time in using technologies for teaching and learning purposes.
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Table 7: What Affects Teachers’ Perception OfTime Constraint As A Barrier

 

 

 

 

Effect Regression coefficient t p

Effect

[3 SEQSL size

(Constant) 3.952 .594 6.658 .000

Grade .263 .047 0.98 5.54 .000

Student FIT T1 -.009 .005 -0.30 -1.72 .088

Attitude on Laptop T1 -.771 .166 —0.82 -4.65 .000

Tech. support T1 -.774 .161 -0.85 -4.80 .000

Social connectedness T1 —.333 .088 -0.67 -3.79 .000

Teacher FIT T1 .583 .066 1.56 8.84 .000

 

Table 8: Environment and Teacher Variables Affect Teacher Tech Use

 

 

 

Effect Regression coefficient t p

2 = Effect

R '971 p 31303) size

(Constant) -7.070 1 .372 -5. 151 .000

Tech support2 2.945 .078 6.68 37.95 .000

Attitude on tech use2 1.153 .169 1.20 6.80 .000

Tech interest2 4.127 .126 5.78 32.85 .000

Current tech use status 1.447 .091 2.81 15.96 .000

Social connectednessZ 1.975 .1 18 2.95 16.77 .000

School rapport2 .567 .199 0.50 2.85 .005

Time constraint2 -l .643 .085 -3.39 -19.25 .000

T perceived S/S effect

-4.242 .117 -6.39 -36.29 .000

of tech use2

Environment having

-2.706 .274 -1.74 -9.89 .000

many innovationsZ
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Teacher technology use is aflected by the environmentalfactors at the end ofthe

schoolyear

This regression model is statistically significant (P < .001) and it explains 97.1%

of the total variation.

As shown in Table 8: all the factors that influence teacher technology use can

be categorized into two groups in terms of the directions of their impact: positive

factors and negative factors. Among the positive factors, technology support has the

biggest effect size (ES = 6.68, P < .001), which indicates that for teacher technology

use, the availability of sufficient technology support is a serious concern. Data from

interviews also reveal that the availability of technology support not only influences

how much technology teachers use, but also affects which technologies they use. For

example, the removal of Smart Board from classrooms was, to a great extent, due to

the fact that it broke down easily and timely technical support was not sufficiently

provided. Not surprisingly, teachers’ attitudes toward technology use significantly

influences their technology use (ES = 1.20, P < .001). Teachers’ technology interest is

another critical factor that has great impact on their technology use (ES = 5.78, P

< .001). In addition, how socially connected the teachers are also significantly

influence teachers’ technology use (ES = 2.95, P < .001). This can be explained from

a number of angles. First, more socially connected teachers can get more technology

support from their colleagues, which significantly affects how much technology they

use, as discussed in previous sections; second, more socially connected teachers have

more channels to get information related to technology use, such as subject-related

resources, tips on using specific technologies, and professional development

opportunities and choices. This kind of information can help teachers perform better

cost-benefit analyses and make well-informed decisions. Third, it is arguable that
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more socially connected teachers are under higher peer pressure related to technology

use, especially in an environment where most people are trying hard to incorporate

technology in their classrooms.

Factors that seem to have negative effects on teacher technology use, as shown

in Table 8, are time constraint, perceived social/self effect oftechnology use, and an

environment with many innovations. Time constraint has been identified as one

barrier for teacher technology use in previous research (e.g. NCES, 2000). Results

from this study show that teachers’ perceived time constraint had a significantly

negative impact on their technology use (ES = -3.39, P < .001). The social/self effect

of technology use was measured by two statements: “The more technology you use,

the more respect you will get from other teachers” and “The more technology you use,

the more likely you’ll get promoted.” It is interesting to find that this factor was

negatively related to teacher technology use (ES = -6.39, P < .001). Another factor

that had negative impact on teacher technology use was the amount of innovations in

the environment (ES = -l .74, P < .001). When too many innovations were introduced

into this environment, it might have posed distractions to the users, thus making it

difficult to make decisions and focus on innovations that best fit their needs. In

addition, from the ecological perspective, as a species, a new technology use needs

resources to develop, so too many innovations consume too many resources (time,

energy, and technology support) which cause more tension on overall technology use.

Teacher technology use affects overall Pedagogy

Teachers’ technology use and their pedagogical beliefs and practices have

been controversial issues for some time. Generally it has been argued that teachers’
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pedagogical beliefs and practices determine what technology they use and how they

use technology (e.g. Becker, 2001).

Results from this study reveal, however, that the relationship between teacher

pedagogy and technology use is not one-way and uni-lateral, but two-way and bi-

lateral. On the one hand, as previous research argued, teachers’ pedagogical beliefs

and practices do affect how they use technology. As discussed earlier in this chapter,

it was generally accepted for teachers to use technology to support their current

teaching practices, especially when these teaching practices were viewed as of high

quality.

On the other hand, teachers’ technology use also influenced their pedagogy.

During the interviews, teachers talked about how the use of technology changed the

way they teach. For example, B, a science teacher, believed he was teaching

differently from the way his teachers taught him, and also differently from how he

taught before using technology:

For the last a couple ofdays, we were doing moonfaces, so they are going

online and looking up the moonfaces on a calendar, figuring out the moon

cycle, so it totally changed the way you teach because you can let them

discover things and then talk about it afterwards. When I was in school,

teachers toldyou about it and then you did an experiment after you already

knew about it. This way, they canfind information and startformulating their

own ideas and their own learning. Ijust come in the end, quote the pieces and

make sure the pieces arefitting together.
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Interviews with students also reflected changes in teacher pedagogy. For

instance, M, a 7th grade student, liked the Aleks program because “you can learn so

much from the computer, more than the teacher standing in front of the classroom and

explaining it. You can go on your own pace and nobody can hold you back. The

teacher still stands in front of the room, but it’s much less and it’s about different

things.”

Quantitative data also revealed the impact of technology use on teacher

pedagogy. This regression model is statistically significant (P < .001) and explains

53% of the total variation (R2 = .53). As shown in Table 9, the variety oftechnology

use has significantly positive impact on teacher pedagogy (ES = 0.74, P < .001).

Specifically, the more diversely a teacher uses technology, the more constructivist

her/his pedagogy is. However, the time spent on technology use is negatively related

to constructivist pedagogy (ES = -.97, P < .001), which means the more time a teacher

spends on technology use, the more likely that s/he adopts a more traditional

pedagogy. A possible explanation is that if a teacher spends too much time using

technology in class, the time and opportunities for students to use technology or to

work on their own are limited.

This result has significant implications for future research and practices. In

general, teachers are asked to use more technology —— meaning spending more time

on technology —— in their classrooms, and at the same time are also asked to adopt a

more constructivist pedagogy. This finding indicates that these two requirements

might conflict with each other. If we want to have some influence on teacher

pedagogy through the use of technology, instead of focusing on how much technology

is being used, it probably will be more effective to encourage teachers to explore

more diverse use of technology.
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Table 9: Factors Influencing Pedagogy

 

Effect Regression coefficient t p

 

Effect

R2 = .53

B SE(B) size

 

 

 

(Constant) 5.25 .318 16.52 .000

Teacher time on tech use -.514 .094 -0.97 -5.50 .000

Teacher Tech use variety .093 .022 0.74 4.20 .000

Student Learning Habits

.001 .031 0.01 .04 .970

T1

Student GPA T1 -.043 .028 -0.27 -1.56 .122

Student FIT T1 -.020 .006 -0.54 -3.05 .003

 

Pedagogy aflects student technology use

Teachers’ pedagogy influences students’ overall technology use (ES = 0.44, P

< .05). Specifically, the more constructivist the pedagogy is, the more technology

students use. This is understandable in that teachers who adopt constructivist

pedagogy allow students time to work on their own projects, and also encourage

students to use technology.

Table 10: The Impact of Pedagogy on Student Overall Technology Use

 

Effect Regression coefficient t p

 

Effect

[3 SE(B) size

 

(Constant) -4.630 1.844 -2.511 .014

Pedagogy 1.270 .505 0.44 2.515 .014
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This model is statistically significant (P < .05), but it only explains 6% of the

variation (R2 = .06), which means that teacher pedagogy explains 6% of the variance

in student technology use. Further analyses were conducted to explore other factors

that affect student technology use. Student technology uses were categorized into five

types: general technology use, subject-specific technology use, social-communication

technology use, construction technology use, and entertainment-exploration

technology use (Please see Appendix B for the categorization of these five types of

technology use). This categorization was based on Levin and Bruce (1997)’s terms for

technology use, but was modified to fit the diverse technology uses in this study. The

following table presents the factors that influence each type of student technology use.

Results were derived from regression data analyses. Factors that have significant or

borderline significant impact on technology use, along with the effect sizes, were

listed in this table. For detailed results on each technology use, please see Appendix C.
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First, the environment factors significantly influence how students use

technology in schools.

Technology interest of the teachers was evidently the most prominent

influence on student technology use. It significantly affected student subject-specific

technology use (ES = 0.69, p < .01), Social-Communication Technology use (ES =

0.50, P < .01), and Entertainment-exploration technology use (ES = 0.37, P < .05).

Presumably, if teachers had high technology interest, they were more encouraging and

supportive to their students in using computer technology.

In addition, the consistency of technology interest in the environment also has

an influence on student technology use, specifically on social-communication

technology use. The bigger the variation in technology interest, the less likely students

used technology for social and communication purposes (ES = -.32, P < .05). Large

variation in technology interest meant big differences in technology interest among

different teachers. Many not only had different attitudes toward students using

technology, but also differed in their responses to their students’ messages (such as

how quickly they responded to student e-mails and how helpful they were with e-mail

messages versus face-to-face communication). These differences might present a

measure of confusion and uncertainty for students attempting to use technology to

communicate with their teachers, and thus reduced the likelihood ofthem using

social-communication technologies.

Technology support was another factor that significantly affected student

technology use. The more sufficient technology support was perceived to be, the

higher uses of subject-specific technologies (ES = 0.58, P < .01), and Social-

communication technologies (ES = .44, P < .05).
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Second, in examining the impact of teacher technology use and ability on

student technology use, Teachers’ technology proficiency was a positive predictor of

subject-specific technology use (ES = 0.49, P < .01), and the variety of teacher

technology use facilitated student construction technology use (ES = 0.49, P < .01).

The more time teachers spent on technology in the classroom, the less likely students

used technology for construction (ES = -.54, P < .01).

The impact oftechnology uses on student outcomes

Student outcomes focused on four aspects: GPA, FITness (Technology

proficiency), Learning habits, and Developmental outcomes (self-esteem, attitude

towards school, and life skills). The following table summarizes the impact of five

types oftechnology uses on these four student outcomes:

Table 12: Impact Of Student Technology Uses On Student Outcomes

 

 

Student Outcomes GPA FITness Learning Developmental

Habits Outcomes

Student Tech Uses

General tech use 0.10 0.32 0.11 -0.03

Subject-Specific tech use 0.04 -0.43* 0.04 -0.03

Social-Communication

0.21 -0. 10 -0.09 0.35*

tech use

Construction tech use 0.00 -0.21 -0. 16 0.00

Entertainment/Exploration

-0.24 0.13 0.51** -0.08

tech use  
 

* 0.01< P < 0.05

** P < 0.01
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Results in Table 12 show that different technology uses have different impact

on specific student outcomes. General technology use has the biggest impact on

student technology proficiency (ES = 0.32, P = .07), while subject-specific technology

use seemed to have a negative influence on student technology proficiency (ES = -

0.43, P < .05). This is understandable in that when using more general technologies,

the tasks are not certain and students have more opportunities to explore new features

of certain technologies, and thus have the opportunity to learn more about technology;

while when they use subject-specific technologies to learn, the tasks are focused on

specific subject content, and the procedures to accomplish the tasks are generally

similar, so once students know how to follow these procedures, there are no

technological challenges, and thus no opportunities to learn new technology

knowledge and skills.

Using technology for social-communication purposes has some positive

impact on student GPA. Although this impact is not statistically significant, an effect

size of 0.21 on GPA is considerably large comparing with a possible 0.33-0.50 effect

size gain on student performance based on “everything that happens to a student”

(Kane, 2004) across one academic year. This impact is due to the fact that students

use social-communication technologies to communicate with teachers about school

work such as assignments and questions, and they can get response more quickly than

with traditional methods. Social-communication technologies also provided students

more opportunities and avenues to ask questions. For example, one teacher mentioned

that he received email messages from students who were too shy to ask questions in

the classroom. This was also reflected in student interviews. All students mentioned

that it was easier and more convenient to ask questions or set appointments with

teachers through e-mail. One student said she “talk to them (teachers) a lot more. If
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you have a question, even if you are at home, you can e—mail them and ask them. You

don’t have to wait til class to ask. By then you may have already forgot. I can get a

response pretty quick.” Another student also said that it was easier to e-mail teachers

to ask questions because “we don’t have to go and find that specific person.”

Social-communication technology use also had a significantly positive impact

on student developmental outcomes (ES = 0.35, p < .05). It is arguable that the more

students use technology for social-communication purposes, the more they feel

socially connected, which is very important for teenage students who need support

from their peers and adults.

Entertainment-exploration technology use significantly influenced student

learning habits (ES = 0.51, P < .01), but had a negative impact on student GPA (ES =

-0.24, p > .05). It is likely that spending time on entertainment and exploring with

technology helps students to better organize their learning tasks; for example,

remembering and following rules in computer games may help students better follow

instructions in classrooms, which is supposed to be beneficial to student learning

outcomes. However, it seems this potential advantage was nullified or even

outweighed by the consequences of spending too much time on entertainment-

exploration technology use.

In terms of the impact of technology use on student academic achievement,

none of these technology uses had a significant effect on student GPA. This result

suggests that we should be realistic about the impact of technology use on student

outcomes.

This might be disappointing to some people in that a major argument and goal

for integrating technology in schools has been to improve student achievement.
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However, first, although student technology uses were divided into five types of

technology uses, the five types are still too general to be able to differentiate the

effects of different specific technology uses. Ifthe specific technology uses within the

same type had a different impact on student outcomes, their impacts might have

cancelled out each other.

Second, student academic achievement was measured by traditional methods

of assessment, which is very likely not an accurate assessment of student learning

with and about technology. As a teacher pointed out during the interview, student

learning with technology is difficult to measure because much of this kind oflearning

is hidden. Students have the opportunity and resources to extend much more than

what they do in classrooms, so “I don’t think we have a way to evaluate it yet, or we

don’t ask the right questions to find out what they did.”

5.2 How difl'erent technology uses have changed over time — the evolution of

technology use

Analyses of interview data reveal that, as in natural ecosystems, species in the

school ecosystem evolve over time. Through interactions with the users, the context,

other technology uses, and existing practices, different technology uses took different

evolution paths. Specifically, seven different evolution paths were identified: Always

thriving in the whole ecosystem (Path 1), Always thriving in a few habitats (Path 2),

Growing (Path 3), Were thriving but now dying (Path 4), Were flourishing, now dead

in most places but still thriving in a few habitats (Path 5), Introduced in but never

survived (Path 6), and Marginal existence (Path 7). Table 13 lists technology uses for

each evolution path.
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Table 13: Evolution Paths and Technology Uses for Each Path

 

 

 

Evolution Path 1 Path 2 Path 3 Path 4 Path 5 Path 6 Path 7

path

lntemet Tl calculator PowerPoint Grade Overhead Smart Photoshop

Tech use Word Excel Aspire Machine Projector Board lmovie

E-mail Aleks Telephone TV/VCR

Stickies        
Note: To save space, technologies (e. g. “Internet” and “Wor ”) are listed instead of specific

technology uses (e. g. “using Internet to search for information” and “using Word for writing”).

The following section discusses the different evolutions paths, representing

technology uses for each evolution path, and the characteristics of technology uses for

each evolution path.

Path 1: Always thriving in the whole ecosystem.

Some technology uses were popular in the whole ecosystem throughout the

research period, similar to dominants in natural ecosystems. Some examples were:

Internet, Email, and Microsoft Word. The main reasons for this invariable success

were: a) They were in great need (niche); b) They did not consume too many

resources: they were easy to learn, easy to use, and very reliable —— seldom cause

trouble; and c) They all had great adaptability: can be used by any one in any

classroom and for any subject.

Path 2: Always thriving in afew habitats.

Some technology uses may not be popular in most of the ecosystem, but were

being used a lot in a few habitats. TI calculator in math classrooms and Excel in

science classrooms were two such examples. The main reasons for these technology
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uses’ popularity in a few habitats were: a) the special niche they occupied in these

habitats; b) teachers were highly proficient in using them; and c) they had easy

accessibility.

Path 3: Growing.

Some technologies were not used much at the beginning ofthe academic year,

but as time passed, their uses grew, such as Aspire, Aleks, Movie clips, and Stickies.

Major reasons were: a) Perceived advantages ofusing these technologies attract more

people to use them. b) Pressure from the environment (e.g., from peers, parents)

forces more people to use them. c) Users were getting better at using these

technologies. A detailed example on Aspire will be presented in the next section of

this chapter.

Path 4: Were thriving but now dying.

Some technology uses were gradually being replaced by newer technology

uses. For instance, telephoning teachers, a technology use very popular in previous

years in this school, was greatly reduced this year because of the use of e-mail and the

,Intemet for communication and information sharing. Similarly, a grade machine was

being replaced by Aspire. Compared to their counterparts, these new species were

more convenient to use and more compatible with a high-tech environment. In

addition, if two technology uses had exactly the same functions and consumed the

same amount of resources, then it was generally the case that the newer technology

would replace the older one because of its symbolic meanings.
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Path 5: Wereflourishing, now dead in mostplaces but still thriving in afew habitats.

Some technology uses were very popular at the beginning of the school year,

but were replaced by other technology uses in most ofthe classrooms, yet still thrived

in a few classrooms. One example was the overhead projector. The overhead projector

was one ofthe most popular technologies at the beginning of the academic year. With

the introduction of laptops, every classroom was equipped with a data projector, and a

few professional development sessions on PowerPoint were provided to teachers.

Consequently, the use of PowerPoint for content presentation replaced the overhead

projector in most classrooms. The overhead projector was taken out of these

classrooms. However, it still thrived in math classrooms because these teachers

preferred to use the overhead projector for sketching and demonstrating how to solve

a problem. Another example was the use of the WWCR to play videos. This school

had access to video clips in UnitedStreaming, so most teachers used laptops to play

clips from this resource, but the special education teacher still used the TVNCR

because it provided captions, which her students needed. The reason for these

technology uses to thrive in a few special habitats was mainly because of the unique

niche they occupied.

Path 6: Introduced in but never survived.

A new technology may not be adopted by the ecosystem and thus will be

rejected. One example was the Smart board. When the Smart Board was introduced to

the school, teachers were excited about it because its functions looked very

impressive and it seemed to be very convenient. For example, the teacher could

sketch on the white board and the computer could record the sketching, so the teacher

could e-mail the revised file to her students. However, after a few trials, teachers were
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frustrated because there were too many technical problems. It was very time-

consuming to set up and seldom worked. In addition, the niche it served —presenting

materials — had been occupied: the white board and data projector serve almost the

same purpose but work far more easily and stably. So the Smart Board was removed

from this building.

Path 7: Marginal existed.

Some technology uses existed in this ecosystem, but only to a minimal extent.

A few examples were Iphoto, Photoshop, Digital camera, Irnovie, etc. The main

reason for their marginal existence was that there was not much need for these uses, in

other words, these species didn’t find enough niches in this ecosystem. Teachers and

students may explore some of these technology uses on their own, but did not use

them for any real tasks.

5.3 Conditionsfor the evolution oftechnology uses

As discussed in the previous section, technology uses in schools change over time.

It is a complex ongoing process influenced by its characteristics and the interactions

with other species and the environment. This section discusses why different

technology uses took different evolutionary paths and what factors influence the

process.

Factors that influence the evolution of technology use and their sources are listed

in Figure 3.
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Figure 3: Factors and Interactions Influencing Technology Use
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As shown in Figure 3, factors influence technology use at different levels.

First, there are factors related to the specific technology use, the key-stone species,

and the environment that affect how the invading species change over time; second,

the interactions between these factors have critical influence on the evolution path of

a technology use; and third, the interactions between these factors affect the role each

factor plays, and thus exert further influence on technology use evolution.

Consequently, the evolution of technology use is not only influenced by factors

related to the specific technology use, the users, and the environment, but also

affected by the complex interactions between these components. The following

section will first discuss the factors related to the technology use, the users, and the

environment that influence technology use evolution, and how these factors are

influenced by each other. Subsequently, there will be discussion of the interactions

between these components.

Thefactors influencing technology use in schools

Factors mainly related to the invading species

Whether an invading species survives or perishes in an ecosystem to a great

extent depends on those of its characteristics that influence how it interacts with the

environment. Findings from this study suggest that the following aspects of an

invading species are crucial to its survival:

Technologicalfimction: Any specific technology has its own built-in functions.

These functions represent the developer’s knowledge of the connection between a

problem and a solution (Zhao, Frank, 2003). These functions can be very specific and

fixed; for example, the major function of an e-mail software is to send and receive e-

mails. The functions can also be very general and flexible, such as the Microsoft
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Word program, which has many functions and can be used in many different ways.

Therefore, these functions determine what a technology can do and how it can be used,

and therefore, to a great degree, determine the niche of a technology. However, this is

not the only factor that determines the niche. Other factors also play an important role

in shaping the niche. These factors will be discussed in the following text.

Adaptability. Adaptability means how flexible a species is. Like species in

natural ecosystems, technology uses differ in terms of how well they can adapt to

different environments or specific habitats. Technology uses that can occupy more

than one niche, and serve different purposes in different setting are more likely to

survive. For instance, the popularity of PowerPoint use in this school ecosystem is

partly due to its high adaptability: PowerPoint can be used for different subject areas,

by teachers or students, and can serve different purposes such as presentation, quiz,

game, and student construction.

Adaptability of technology uses is also affected by the environment and the

users. If the environment has sufficient technology support, then a technology use

might find a bigger niche or be able to thrive in more habitats. Similarly, the users

also make a difference in the adaptability of technology uses. Users with higher

technology proficiency can use a technology more creatively, thus enhancing its

adaptability. For example, e-mail is being used for communication by all teachers and

students in the school ecosystem, while more technology proficient people also use it

for file transferring or collaborative works, thus increasing the adaptability of this

technology use.

Complexity. Complexity is the level of difficulty of a technology use.

Technologies vary greatly in terms of their complexity, and this complexity affects

how well a technology use survives in the school ecosystem.
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Complexity is relative to the environment and the user’s technology

proficiency and experiences. An easy technology use may be viewed as complex

when the environment lacks necessary support, or the user lacks necessary knowledge

and skills. On the contrary, a complex technology use can also be viewed as easy

when everything works together. For example, using a TI calculator for calculation

and graphics is comparatively complex. However, in one math classroom, the teacher

was very proficient and experienced with TI calculators, and students, fascinated by l

the functions ofthe TI calculators, were eager to learn and use them, every student
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had a TI calculator, and the content taught in one semester was very suitable for using

T1 calculators. Therefore, the complexity of this technology use was greatly reduced i 
and its popularity increased.

Some technology uses are by nature more complex than others. However, the

complexity can be reduced through providing more technology support or technology

training. The specific technology can also be redesigned to make it more user-friendly.

Factors mainly related to the key-stone species

Subject. The subject not only influences how students and teachers use

different subject-specific technologies, but also affects how they use general

technologies such as the Aspire program. First, teachers and students in different

classrooms may use different subject-specific technologies, such as Aleks,

Geometer’s Sketchpad, TI Calculator, and Carnegie Algebra Cognitive Tutor in math

classrooms, and Desktop Publishing in language arts classrooms. In different subject

areas, teachers and students also use general technology differently. For example, the

Microsoft Word program was used for composing essays in language arts classrooms,

and for Webquests in social studies classrooms.
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Students. Students can be an important factor influencing teachers’ decisions

on whether, what and how technologies are used. For example, for the same subject,

math, 7th grade classrooms used Aleks, while 8th grade classrooms used Carnegie

Algebra Cognitive Tutor and Geometer’s Sketch Pad. Students also make a difference

in how different technologies are used. For example, the math teacher in the lower

grade used ALEXK, but the math teacher in a more advanced class use two more

complicated programs.

Moreover, student technology use and technology interest sometimes exerts

pressure on teachers so that teachers have to change the way they teach and organize

classroom activities to accommodate students’ interests and needs. During the

interviews, one teacher made these comments:

Students have grown up in the technological age, so they are used to

computers, they are really comfortable with computers. Every time they work

on computers, you see their interest level goes up, as opposed ifIjust have to

stand there and tell them everything. Normal lecture is not excitingfor them.

They are used to video games, they like that constant glow ofcomputers.

When we do activities like that, I think they have changed, really engaged

students.

Class size. Some technologies may work better with a bigger class size, while

other technologies may work better with a smaller class size. An example is the

Aspire program. The program Aspire was used by almost all the teachers, but the

special education teacher did not use it as much because she had a very small group (4)

of students. Her students, although in the same class, were at different levels. So she

had to assign different homework to each ofthem. Aspire did not save any work for
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her. The only thing she liked about Aspire was that the parents could check their

students’ grades conveniently.

Technology proficiency. Technology proficiency makes a difference among

different people, also within the same person at different times. People with different

technology proficiency levels use technologies differently. Generally speaking, people

with higher technology proficiency use a bigger variety oftechnologies, use

technologies in a more creative way, and encourage students to use technologies more.

Technology proficiency ofboth teachers and students increased over the year.

This school provided many professional development programs for teachers. The

school had a collaboration program with a local university. Through this program the

teachers could take professional development courses within this school but received

college credits or graduate credits. The courses were sometimes taught by a teacher

from this school, and the content was focused on the specific technology programs

used in this school, such as the Aspire program, PowerPoint, and Irnovie. These

programs were very convenient and helpful to teachers, especially those teachers who

were not very comfortable with technology.

Pedagogical practice and belief Teachers with different pedagogical practices

and beliefs use technologies differently, and they all use technologies to support their

pedagogies. For example, when talking about how technology use in this school

facilitated teaching and learning, the principal gave a very good example involving

two social studies teachers in this school who had very different approaches to

teaching. One used a more traditional approach, while the other was more

constructivist and problem-based; each used technology very differently:

We have excellent social study teachers: Dave and Gary. They are

probably on the opposite ends ofthe spectrumfor how they teach. They were
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that way before the laptops, and they are that way now. You can go into

Dave ’s room. Kids are in straight rows, he teaches more structured things,

they are having debates, he uses itfor the quizzes, for the lesson plans, kids

are taking notes on their laptops, he shows movies on the laptops, having

American history discussions...you go into the next room, and Gary is doing

small groups, the desks are all over the place, the kids are all over the place,

they are making posters, they are designing webpages, they are doing

projects...I think both teachers are being able to maintain teaching the way

they want to teach and they are using technology as a tool. It doesn ’t drive the

curriculum, it doesn ’t drive how they teach, they are able to still continue to

do things the way they are comfortable doing it, the way theyfeel that needs to

be done. They do use it very dtflerent ways, but use it successfully in their

areas and it hasn ’t changed the quality oftheir instruction.

In this case, technology use facilitated teachers’ existing teaching practices

and pedagogy, and technology use was not even expected to change teaching

practices. However, it should be clarified that the principal was very satisfied with the

quality ofboth teachers’ teaching. Therefore, changing pedagogy seemed to be

unnecessary.

Social Connectedness. The school ecosystem is a lively, human, and intensely

social place. As the key stone species in this social environment, the users are related

to each other, and they have a mutual influence on each other’s decisions about what

and how technology is used. As a student said during his interview: “Everyone

influences each other, because everyone has his own way.” Similarly, another student

commented: “Sometimes we learn from our teachers, sometimes from fiiends. We tell

each other what we’ve learned and found out. That’s how we learn.” When talking

81



about how she learned the Photoshop program, Alison, an 8th grader, said: “It’s really

kind of like “monkey see, monkey do”. My good friend was working on her picture

on Photoshop, and I said wow, can you show me how you do that?”

Social connectedness not only influences how users learn a new technology,

but also affects how they use technology by providing related information and

exerting pressure to use the technology. Pressure for technology uses can come from

different sources such as parents, peers, students, the principal, and so on.

Factors mainly related to the ecosystem environment

Factors related to environment that influence how technology uses evolve are:

Technology infrastructures. Technology infrastructure is the technology

hardware facilities, software, and technology support available to teachers and

students. This school had rich technology infrastructure. Besides one-on-one laptops,

every classroom was equipped with a computer projector, screen, TV/VCR, an

overhead projector, a data projector and some other stand-alone technologies, and the

whole school had wireless access to the network. However, access was sometimes

still a problem. For example, the science probes were described by some students as

“very cool” during the interviews, and the science teachers also reported that students

were very interested in and excited about using science probes. However, the fact that

the whole school only had one set of science probes because of the high cost greatly

limited its usage. This reveals a problem that many schools may face. On the one

hand, there is not sufficient access to technology that students and teachers want to

use; on the other hand, some technology facilities, such as the SmartBoard, are

available but no one uses them. This suggests that when making decisions on what
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technology to purchase, more attention needs to be paid to the needs of teachers and

students based on their current technology use.

Human infrastructure. This school provides good human infrastructure in the

following major areas: a) Strong leadership. The principal had a strong vision about

technology use in this school. He set the tone, communicated the school vision with

staff, teachers and students, and enlisted their support. In addition, he gave teachers

freedom, which helped them work together. He also recognized good practices of

technology use and strongly advocated for these good practices. As mentioned by the

teachers during interviews: “He has created an environment that works out for

everybody.” b) The environment was supportive and the atmosphere was friendly.

People were encouraged to try new technology and new teaching practices. Teachers

had many opportunities to try their own ideas, or to work collaborately and learn from

each other. c). Convenient, effective, and sufficient professional development

opportunities. This school (school district) provided teachers with plenty of

professional development opportunities, strongly encouraged teachers to learn, and

was able to “make it very easy for teachers to take technology classes that help”. (I).

Timely technical support. The technical support staff was highly praised by the

teachers and students during interviews. They worked diligently to help teachers

integrate technology into classrooms, solved technical problems, learned about and

introduced new technology, and provided resourses for teaching and leanring.

Objectively, the ecosystem has one environment at a certain time point, but to

every species or every organism in this ecosystem, the specific environment is

different to each individual. For example, more socially connected people may get

technical help from their friends in addition to school technology specialists. For

instance, when asked where she could get help when something did not work, Julie,
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an 8th grade students said that she got help from her friends: “My friends, I think they

know more about it than I do, so when I don’t know how to do things, they usually

help me out. ” Therefore, the environment has more technology support for a more

socially connected person than some one who is less socially connected.

The interactions

Niche. Niche is the role a species plays in the ecosystem. The more important

the role is, the more likely a species will survive. All popular technology uses serve

universally important purposes in this school ecosystem, such as e-mail for

communication and PowerPoint for presentation. In this sense, niche is decided by the

specific technology uses, because technologies are designed to have certain functions

and their uses are consequently defined by their capabilities.

The niche of a technology use is the results of the interactions between the

technology use and the environment, and the interactions between the technology use

and the users. First, the environment influences whether or not the niche of a

technology use can be realized. A technology use may survive well if it serves a

unique niche, such as using an overhead projector for sketching in math classrooms.

On the contrary, if the environment does not have a niche and the technology use can

not create one, then it can not survive. For instance, using Adobe Photoshop for

digital editing was taught to students, and students also spent some time exploring it;

however, it could not survive in this ecosystem because, as a student explained during

the interview: “we really don’t have any classes we can use it for. Also, you need a

digital camera to use it. I don’t have one. I can’t use it anyway.” In this case, the

current practice and the limited resources in the ecosystem constrained this

technology use.
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Second, the characteristics of the key-stone-species, the users, affect whether

or not a niche is identified for a technology use, and what specific niche a technology

use can occupy in the school ecosystem. Even if users are very familiar and

comfortable with using a specific technology, they still do not use it if there is no

niche for this technology in their daily practices. For example, a social studies teacher

mentioned that he did not use Excel although he knew this program very well,

because “I don’t need it in a 7th grade social science class.” Different species migrate

and change to fill various niches. Moreover, their niches also change according to the

dynamic interactions among species and the system.

Resources consumption. Like their natural counterparts, technology use

consumes resources. Resources in a school ecosystem can be money, technical

support, time, and energy. The more complex, more difficult to learn, and more

unreliable a technology use is, the more resources it consumes, and thus the less

probability of its survival.

Resource consumption is the result of interactions between the technology use

and the environment, and this result is mediated by the users’ perception. The same

technology may be viewed very differently in terms ofresource consumption (more

elaboration).

Competition and Symbiosis-Interactions between the invading species and

existing species. The nature of interactions between species can be either competition

or symbiosis. Competition happens when two species compete for the same niche or

resources. For example, the overhead projector and PowerPoint compete for the same

niche: presenting materials. Another example is the use of the Internet for information

and getting information from the library. Symbiosis occurs when two species support

each other. In classrooms, the use of the Internet makes PowerPoint presentations

85



more interactive, dynamic and interesting. The use of one increases the use ofanother.

So the nature of their mutual influence is symbiotic. Similarly, the use ofWord to

compose and using e-mail to communicate also support each other. In fact, in this

school, using Microsoft Word for composing various writing tasks, using the Internet

to search for information, and e-mailing friends were three of the most favorite

technology uses. Sometimes these three types of technology uses were combined. For

example, one popular learning activity in this school was Webquest. The teacher

would e-mail students a work sheet in Word format, which asked students to search

for information online and answer questions on the work sheet. When working on a

Webquest task, students generally had two windows open at the same time, one for

Microsoft Word and one for Internet Explorer, searching for information in one

window and filling in answers in another window. After they finished answering the

questions, they would email their complete work sheet to the teacher.

In an ecosystem, different species migrate and change to fill various niches.

Moreover, their niches also change according to the dynamic interactions among

species and the system. For example, the invasion of technology has dramatically

changed the niche ofthe library and the librarian.

“Maggie ’sjob has changedprobably the most, at least twice since she ’s been

here. When shefirst started, she was in the library where kids checked out

books, then the library became theplace where we had the computers, we had

the computer lab in the library that was open all the time. Students and

teachers came to check their e-mails, do research, ...and now with everybody

having a laptop, kids don ’t have to go therefor computers any more. With kids

having all these resources, they don ’t have to use booksfor research as much.

Everyday Maggie is redefining herposition as a media center librarian and
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determining what herjob is going to be what role the media center is going to

be in a laptop school. There is no handbook to tell her how to do that. I think

she is developing new ideas every week on how we can help support teachers

and the kids. ”

Cost-benefit analysis. Whether or not a user adopts a technology use depends

to a great extent, if not totally, on the analysis ofhow much cost has to be put in and

how much benefit this technology use can bring. Cost-benefit analysis not only

decides what technology innovations to be introduced at the ecosystem level, but also

determines what and how technology is used at the individual level.

First, cost-benefit analysis plays a crucial role in the decision-making process

regarding what specific technology will be introduced in the school ecosystem. At a

teacher team meeting, the principal discussed the choices of class management

systems. It was a good example that clearly illustrates how different factors were

taken into account for a cost-benefit analysis in deciding what program to use for

class management for the next academic year. There were three options under

consideration. Each ofthe options had advantages and disadvantages, which affected

how much resource needed to be invested (Cost) and how much the school could get

out of it (Benefit):

m: the advantages of the Aspire program were that it was already being

used in this school, it was working well, and teachers and parents had already been

trained for using it. The disadvantage was that they had to pay for using this program.

E-system: The advantages of the E-system were that it worked the same as

Aspire; the school was already using some of its programs and paying some money

for it. However, the disadvantages were that this program lacked the parent module,

and the school might need to pay some extra money to implement it.
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Apple Mac Schools: The Apple Mac Schools system had “everything fiom

report cards, degrees, communicating with students and parents, posting grades,” and

“it also has administering stuff like scheduling, putting kids’ proficiency scores,

basically their permanent records will be available through that.” Although they

would also need to pay for using this program, if they chose this program, they could

reduce the cost ofa few other programs. The major drawback was that they had to

train teachers, students, and parents for using this program, which they really did not

wish to do.

There were advantages and disadvantages for each choice. Based on species

characteristics, the data for cost-benefit analysis are listed in the following table 14:

Table 14: Cost-Benefit Analysis ofThree Invading Species

 

 

Dimension Current Function Training Cost Cost-

availability Benefit

Technology Analysis

Aspire + + + ++

E-system + - + 0

Apple Mac 0 ++ - 0 +

Schools  
 

According to the principal, the criterion for the final decision was to “Think

about what works the most effectively and what costs the least”. The cost-benefit

analysis, as shown in Table 14, clearly favors the Aspire program. It was not

surprising, therefore, that ultimately the Aspire program was retained and no new

program was introduced.

Second, cost-benefit analysis fundamentally determines what and how

technology is used at individual level. A common thread across all interviews is to
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lower the cost of using technology and to maximize the benefits. For example, when

taking about a program called FileMaker Pro, a teacher complained that it was

somewhat troublesome to learn something different about this program every year,

but “but for the most part, it’s better than hand-writing for 10 pages” , so she still used

it. Similarly, another teacher was suspicious of using Aspire program because “It was

time-consuming to set up the student roster, set up the classes, putting in the

assignments and grades, that’s time-consuming.” But he soon realized that “Once you

have everything in place, it actually take much less time to do the work.”

Summary

This section discusses the factors that influence technology use evolution in a

school ecosystem. These factors are not independent ofone another, and their impact

on technology use evolution is not a simple and linear one. On the contrary, they are

entangled with each other, and their influence varies from case to case. As shown in

Figure 4, if F1 (Force 1) represents the interactions between the invading species and

the school ecosystem, F2 (Force 2) represents the interactions between the key-stone

species and the school ecosystem, F3 (Force 3) represents the interactions between the

key-stone species and the technology use species, and F4 (Force 4) represents the

interactions between the invading species and the school ecosystem, then the

evolution of the invading species is not determined by any single specific factor or

force, but by the combination of all the forces. In the following section, three specific

cases will be presented to illustrate how technology uses evolve under the influence of

the ongoing dynamic interactions between the ecosystem, the key-stone species, and

technology use species.
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Figure 4: What Influences Technology Use Evolution?
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5. 4. How Technology Uses Evolve: Cases

By comparing and contrasting technology uses taking different evolution paths,

the following examples illustrate the complex process oftechnology use evolution,

and how this process is shaped by continuous interactions between the components of

the school ecosystem.

Case 1 : PowerPoint and Overheadprojector—growing versus aying

PowerPoint and the overhead projector are similar in a few ways: they both

serve the same major niche in the school ecosystem: presenting materials. They both

have great adaptability: they can be used by different users in different classrooms for

particular subjects. They both are easily accessible in this ecosystem because every

classroom is equipped with an overhead projector and a data projector.

They are also different in a few aspects: First, PowerPoint is more dynamic in

that it is interactive and it can incorporate multimedia, while the overhead projector is
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plainer; Second, they consume different resources: using an overhead projector

requires a copy machine, printer, transparencies, markers, etc, while using PowerPoint

requires users to put more time and energy into learning and using it. Third, the

overhead projector had been around for along time and was established in this

ecosystem; while PowerPoint was a new technology and was an invading species.

At the beginning of the year, using the overhead projector for presentation was

ubiquitous. Everybody knew how to use it and used it every day. It was especially

convenient for some teachers who had accumulated many transparencies after

teaching the same subject at the same grade for some years. They didn’t need to make

many new slides for their lessons. At first, then, the use of PowerPoint was mainly

limited to a few teachers with high technology proficiency and those who were

innovative at using technologies. Most teachers did not know how to use PowerPoint

and were happy with the overhead projector. For them, the benefit ofusing

PowerPoint was not enough to justify the time and energy they had to invest in order

to use it.

As time passed, the use of PowerPoint steadily grew due to a few reasons:

First, the increasingly technology-rich environment expected teachers to use more of

PowerPoint because PowerPoint is a newer technology, and research shows that

people generally favor newer technologies than older technologies (Zhao, Lei, &

Conway, 2004). Second, there was pressure from the school district, students and

peers that made teachers want to keep up with their peers who had already been using

PowerPoint. Third, the school district had provided some professional development

sessions on how to use PowerPoint, which not only greatly increased teachers’

proficiency with PowerPoint and decreased their fear and doubt about it, but also

provided opportunities for them to interact with PowerPoint. Fourth, the more familiar
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the teachers were with PowerPoint, the less time and energy they put into preparing a

lesson with PowerPoint, which meant less resources were needed to use PowerPoint.

Fifth, PowerPoint has a symbiosis partner: the use of the Internet. The support of the

Internet made the use of PowerPoint more interactive, dynamic and easier for

incidental learning, which was greatly favored by teachers and students. Sixth, some

teachers made creative uses of PowerPoint besides presentation, including using it for

games, quizzes, and student collaboration projects. These creative uses significantly

improved the adaptability of PowerPoint and expanded the niches it served. In

summary, the benefit of using PowerPoint was gradually increased and the cost

decreased.

By the end of the academic year, the use ofPowerPoint was ubiquitous, while

overhead projectors were removed from most of the classrooms. One exception was

the math classrooms. Math teachers still used the overhead projector from time to

time because it was easier to sketch on transparencies than on PowerPoint. Overhead

projectors survived in math classrooms because they served a special niche that could

not be replaced by PowerPoint at this moment.

Case 2: Aspire

The Aspire program was mentioned by all teachers interviewed. It is an online

course management system which was introduced into this school at the beginning of

2003-2004 year. The Aspire program has the following main functions: discussion

boards, student-teacher communication, teacher-parent communication, class

management, and grade book.

The invading of Aspire was a serious disruption to the school ecosystem

equilibrium. Before Aspire was introduced in the school, teachers were very
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comfortable with the technologies they used for the tasks that Aspire was going to

take over: they handed assignments to students in class, every teacher had a

homework hotline so students and/or parents could check assignments by telephone;

they used Grade machine to record and manage student grades; teachers and parents

communicated mainly by means ofthe telephone or by appointments. Teachers,

students, and parents were all very comfortable with what they had, and equilibrium

was kept well. When Aspire entered this system, most teachers did not use it for

various reasons. Some teachers expressed doubts, even distrust towards it. For

example, one teacher said: “At first I didn’t use Aspire because I didn’t trust it. I was

afraid that the system would crash and I would lose all my grades.” One teacher said

it was difficult to use and he would rather stay with grade machine; and another

teacher said it was too time-consuming to set up.

Things gradually changed because of a number of reasons: First, to help

teachers, parents and students use the Aspire program, the school had a series of

training sessions within the school. These training sessions provided all groups of

users with knowledge and skills for using Aspire. Second, there was pressure from the

school: teachers were “strongly encouraged” to use Aspire, so a few more

technologically adventurous teachers started to explore with it. Once these few

teachers started using it, they posed peer pressure on the rest of the teachers.

Meanwhile, since the Aspire program had a parent module from which parents could

check their children’s progress and grades, once this group discovered this function

for one class, they wanted to use it for all classes; therefore, parents also posed

pressure for all teachers to use Aspire. Third, with some knowledge and skills of using

Aspire, and under pressure to use it, more and more teachers started playing with

Aspire and exploring its functions. The more they explored with Aspire, the more
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advantages they found for this program. For example, the teacher who complained

that using Aspire was too “time-consuming” at the beginning of the year found that

“once you set it up, it actually saves your time because you don’t have to e-mail every

student about their grades or assignments, so I guess you pick up the time on the other

end.” The benefit of using Aspire gradually outgrew the cost as teachers’ familiarity

with Aspire increased.

The transition from established technologies to Aspire was by no means a

quick or smooth one. At the end of the year, even when all teachers used Aspire, they

used it differently. Some teachers only used the Aspire program to post students’

grades, some teachers also used it for posting messages and assignments for students,

and some teachers used most of the functions available, and one teacher even created

a few student discussion rooms, assigned a specific topic to each discussion room, and

asked students to post their responses.

Case 3 .' Instant Messenger vs. First Class —dead versus always prosperous

Instant Messenger was introduced into this ecosystem by students soon after

they received the laptops and immediately started thriving. The instant popularity of

Instant Messenger was based on the great niche it served: students at this age love to

chat with their fiiends, and Instant Messenger provided them with a channel to chat

with their friends anywhere and anytime—especially when they were bored in classes.

In addition, this high-tech method of chatting was not only fun, but also very

fashionable. So students spent so much time chatting through Instant Messenger that

using Instant Messenger to communicate with their friends was taking too much of

their time and energy, in other words, it was consuming too many resources. This

developed into a serious problem, especially when teachers discovered that students
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were spending too much time chatting with their friends in other classrooms when

they were supposed to be listening or participating in class activities. Then it became

incompatible with the school philosophy and policies. So two weeks after the laptops

were distributed, using Instant Messenger was banned throughout the whole school

ecosystem. The rapid spread and growth of using Instant Messenger directly resulted

in its extinction.

But, students soon found an alternative method to chat—e-mail. They sent e-

mails to their fiiends and some ofthem checked their e-mails all the time. E-mail

became a kind ofmessenger and the only drawback was that it was not “instant”. It

was still very convenient and quick because they checked it very often and replied to

the messages right away.

In this case, what creates the use? Did the niche create the use, or did the use

create the niche? On the one hand, students have the need to communicate with their

peers. This need creates a possible niche for Instant Messenger, which provides a

channel for student communication. On the other hand, the use of Instant Messenger

expands this niche because it makes student communication available anywhere and

anytime. They don’t have to wait till recess to talk to their friends, nor do they need to

meet their friends somewhere to talk. The expanded niche was kept even after Instant

Messenger was taken away from students; then another species —— the use of e-mail

for quick communication - filled in this niche.

Summary

These cases illustrate how the use ofone technology changed its immediate

environment (the niche, users, relationships, etc) and the whole ecosystem, how these

changes, in turn, changed the use of this technology, and how these changes resulted
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in further changes in the use of other technologies in this ecosystem. During this

process, the factors from different sources work together, and influence how a

technology use evolves from different angles. The evolution path of a technology use

is determined by the ongoing dynamics of interactions between different factors.

These interactions not only shape the evolution paths oftechnology uses, but

also change every component within this ecosystem. So far this chapter has mainly

focused on discussing how different technology uses change over time and what

influences their evolution. This is only a part of the big picture, in which all

components of the whole ecosystem changed, the changes were connected with each

other, and any change in one part of the system had some impact on the whole

ecosystem and caused further changes. This big picture will be discussed in the

following sections.

5.5 Discussion

Summary

Technology use in schools is not an independent series of isolated events or

artifacts, but is situated in and connected with its context, and is an integral part of a

network of changes. Technology use evolves. It’s a complex ongoing process

influenced by continuous interactions with other species, the users, and the

environment.

The interactions and mutual influences between technology use, the users and

the environment are not simple and linear, but are built upon circular causality and

reflexivity. It is a cycle of changes, co-adaptation, and co—evolution. The school

system is a network of changes,
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Different technology uses have different impacts on student outcomes.

Therefore, the quality of technology use is a critical issue.

The ecological perspective can be a useful approach to the study technology

use in schools. From the ecological perspective, it is easy to understand why

technology innovations are not adopted or not used as much as expected. First, as an

invading species, a technology innovation breaks the system equilibrium and creates

disturbances, which may cause emotional uneasiness. Second, as a new species, it

costs more resources; besides the investment ofpurchasing and installing technology,

more investment is required for training, and teachers need to spend time and energy

on learning the new technology. Third, teachers may not immediately recognizes uses

for the new technology.

Limitations

This study has some practical limitations which may limit the generalizabiity

of the findings. First, data were collected from only one school, so the environmental

variables did not vary much, thus it was difficult to see how the environments at

different school ecosystems affect the dynamics of technology use differently.

Second, this school had extremely rich technology resources that are not

available to all schools; thus it was not a regular school that can represent most of the

schools in the United States. However, this school may provide a glimpse of where all

schools will be in the near future.
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CHAPTER 6

IMPLICATIONS

Findings fi'om this study have some important implications for policy making,

technology integration and firture research.

Implicationsfor Policy Making

Successfirl technology use in schools depends, to a great extent, on a supportive

policy environment. This study suggests that policy-making can support effective

technology integration into schools though providing holistic support, providing ongoing

technology planning, setting realistic and specific educational goals for technology use,

and supporting more research on the quality of technology use.

Provide holistic supportfor technology use in schools tofacilitate a virtue cycle

and grow a healthy ecosystem. As results from this study show, technology use in schools

is not independent nor a series of isolated events or artifacts, but is situated in and

connected with the context, and is an integral part of an ongoing process of changes. The

school system is a network of changes, so it is impossible to change one thing but keep

others the same, and it is also impossible to achieve a goal, e.g., improving student

achievement, through changing one factor at a time. Consequently, merely putting more

technology into classrooms does not necessarily help to integrate technology in teaching

and learning. Holistic support from all aspects of the ecosystem is critical in facilitating a

cycle of changes and helping to grow a healthy ecosystem.
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Provide ongoing technologyplanning. Since technology uses in schools

constantly change and so do all of the other members ofthe ecosystem - the users, the

school system, and the relationships between these subsystems - there is no “once and for

all” solution to technology use in schools. A technology plan that works at one time may

not work at another time. Therefore, it is important to provide ongoing technology

planning and evaluation, to continuously refine current practices, and to provide timely

support.

Be realistic about the impact oftechnology. Results from this study show that

student performance, especially academic outcomes, are under the influence ofmany

factors, and technology use is just one ofthese factors. It may not be possible to create

direct and significant impact on student academic achievement through the use of

technology. The impact oftechnology use on student outcomes is not determined merely

by the particular technology, but is mediated by environmental factors, the users, and the

technology, and by their constantly changing interactions and mutual influences.

Therefore, it may be unrealistic to expect dramatic changes in student performance

through one or two specific technology uses. Technology cannot revolutionize education,

but it can cause changes that make the education system gradually evolve.

Set specific educational goalsfor technology use. Since different technology uses

have different impacts on student outcomes, to facilitate technology use in schools and to

accurately assess the effectiveness of specific technology uses, it is of crucial importance

to set clear educational goals even before technologies are purchased. The decision-

makers should ask questions such as what students need to learn, what abilities students

need to develop, what daily tasks teachers need to perform, and how technologies can
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help achieve these goals and accomplish these tasks. Based on this information, clear

educational goals and expectations can be set for specific technology uses. Consequently,

teachers and students can have a clear understanding ofthe purpose of technology uses,

and the impact of technology use can be assessed in more meaningful and practical ways.

Support more research on the quality oftechnology uses. Technology is believed

to have great potential to help teaching and learning and great efforts have been made to

promote technology use in schools. In the past the emphasis has been mainly on how

much technology is used. Results from this study suggest that the quality of technology

use is a more critical issue. Therefore, more policy efforts should be focused on

improving the quality of technology use. Specifically, to improve the quality of

technology use, more research on meaningful technology uses is required. The quality of

technology use has begun to receive attention from educators and researchers, but

empirical studies on this topic are still very scarce. Sufficient policy and financial support

for this kind ofresearch is important because a sound understanding ofthe quality of

technology use is the premise of any effort to promote meaningful technology use.

Second, education policy, to a great degree, determines how and how much schools

integrate technology. With the acknowledgement of the importance oftechnology use

quality on student learning, more policy emphasis should be placed on promoting

meaningful technology uses in schools. For instance, when evaluating schools’ efforts in

technology integration, the criteria should not be solely on how much technology is used,

but also on what and how technology is used. In addition, since education policy also

influences how funds are allocated and spent, a focus shift from quantity to quality in
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educational technology policy and standards can help create necessary conditions for

meaningful technology uses.

Implicationsfor Technology Integration in Schools

Since technology use in schools is an ongoing process influenced by every

components of the school system, it is of crucial importance to understand this process, to

control factors that are positively related to student outcomes, and to grow a healthy

ecosystem that facilitates virtue cycles and avoids vicious cycles. Findings from this

study suggest the following:

First, before a new technology innovation is introduced into the school system, it

is helpful to estimate what kind of technologies can be expected to survive in a particular

school. Results fi'om this study suggest that technology uses that serve an unoccupied

niche (no serious competition), can adapt to a variety of environments (with high

flexibility), and do not consume too many resources (low difficulty, high stability, user-

friendly—designed, low tech support needed) are more likely to survive. It might also be

helpful not to introduce different technology uses that serve identical purposes in order to

mitigate species competition, and provide more complementary technology uses to

facilitate symbiosis.

Second, after a technology is introduced into a school setting, it would be helpful

to think about what we can do to help a technology use to survive. This study suggests

that healthy interactions among species and between species with the environment are

critical to the survival of technology uses. Healthy interactions can be facilitated through

a number of approaches: a) Identify/create a niche for the technology use. Identifying the
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niche for the technology use helps users to see how a specific technology can be used for

teaching and learning purposes. If there is no existing niche, can we create a niche

through, for example, curriculum reform? b) Species characteristics might be altered in

order to increase adaptability and to decrease resource consumption. For example, the

Geometer’s Sketchpad program was only available online during class time, so the use of

this program was limited to places with Internet access and during specific time periods.

If it were also available in CD-ROM format, then students could use it even without

Internet access and at times more convenient to them. c) Decrease resource consumption

of specific technology uses. This can be achieved in different ways. The technology

programs can be designed to be more user-fiiendly so that it takes less time and energy

for teachers, students, and parents to learn how to use them. Content-specific technology

training can be provided to users to increase their familiarity with these technologies. (1)

The environment can also be changed to make it more supportive oftechnology use. The

school can invest in the provision oftimely and sufficient technology support. Teachers

can form peer support groups and increase their social connectedness so as to obtain

technology support from one another. e) Influence teachers and students’ cost-benefit

analysis. For example, the school administrator can recognize and articulate good

technology use practices and specify the perceived advantages of technology uses. The

cost ofnot adopting can be increased by policy changes. Experimental technology use in

small groups of technologically proficient and innovative users can be formed. And

administrators can provide more information regarding specific technology use so the

users can make more informed decisions.
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Third, since new technology innovations are invading species that disrupt system

equilibrium, they may cause some unexpected or unwanted changes in the whole system.

Therefore, when introducing new technologies into schools, educators must anticipate

disruptions and changes in the school system, and prepare for the disruptions.

Accompanying a new technology innovation, some changes and arrangements to things

like school policies, class schedules, relocation of resources, and training sessions for

teachers and staff might be necessary. Schools must make accommodations to use

technology.

Fifth, the ultimate goal of technology integration into schools is to help students

learn. Findings from this study suggest that the impact oftechnology use on student

learning depends on how the technology is used. What is crucial to educational

technology integration, therefore, is not how many technology innovations have been

purchased, introduced, and installed, nor how much time is being spent on technologies,

but how these technology innovations are used by students. Moreover, not all technology

uses are equally useful to student learning. Therefore, the need to provide more resources

and to create supporting environments for meaningful technology uses is of critical

importance in schools. Specifically, school administrators, teachers, and parents should

pay close attention to how students use technology, and to provide guidance to help

students use technology more effectively and efficiently. In addition, new regulations and

classroom disciplines may be necessary to help students resist distractions and make

better use of available technology and resources.
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Implicationsfor Professional Development

To better help teachers make use of available technology, it is very important to

help teachers make connections between technology uses and their teaching tasks (to

locate a technology niche) and to help teachers make creative uses of technologies (to

increase technology adaptability). Schools must provide the opportunities for teacher—

technology interaction, show teachers specific ways ofusing technology so it can find the

proper niche in classrooms and make it easier and less time-consuming for teachers to use

technology. Teachers need assistance in making creative use oftechnology so it can adapt

 to different situations (Expand). fl ‘

Suggestionsfor Future Research

Some important issues regarding the quality of technology use need more

exploration. Specifically, more research needs to be done along the following lines.

First, technology should be studied in the context where it is used or not used.

Technology use is situated in the context and its impact is interdependent with the

specific conditions where it is used.

Second, further identify what technology uses are most educationally meaningful.

This study shows that different technology uses have different impacts on different

student outcomes. Therefore, the meaningfulness oftechnology use is contingent on the

specific student outcome. Academic achievement should not be the only criterion for

evaluating the meaningfulness or effectiveness oftechnology uses. Some other outcomes

are also important components of school education, such as student behavior, attitude,
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self-esteem and career aspiration. Exploration ofthese aspects can enhance the

effectiveness of using technology to help to develop complete learners.

Third, there is a need to explore and develop evaluation methods and instruments

which evaluate student learning with technology. Student technology use and learning is

experience-related and at times hidden or subtle; consequently, it can not be assessed

through traditional outcome evaluation. Some alternative assessment methods such as

performance assessment, essays and portfolios might be more effective in assessing

student learning with and about technology.
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CHAPTER 7

CONCLUSIONS

By studying technology use in schools as a function of evolutionary paths and

ecosystem co-evolutions, this study and discussion has demonstrated that the introduction

of technology sets in motion a wide range of changes. The emergence ofnew adaptations

and complex attempts on the part of the school ecosystem environment and its inhabitants

to ingest, absorb, explore, expand, or reject these changes creates certain measurable and

predictable patterns. Demonstrably, only a few technology evolutions ultimately survive,

and most undergo considerable adaptations. Where technology as a species survives, it

changes the school ecosystem and extends its influence to all aspects of its environment.

If schools continue the recent dizzying upward spiral of technology investment, it

will be worthwhile to study the evolutionary patterns of species, resources, users, policies,

adaptations, and co-evolutions that result. The school ecosystem has, as has been

described in detail here, elements which inevitably conflict with the technology species.

But the tenacity of this species has been demonstrated under certain conditions, and one

can easily imagine that this tenacity may increase as more and more teachers and students

flick on machines, discover uses and applications, and encounter peer and institutional

pressure to interact with the species.

It may be that future studies will reveal progeny in this environment that bare

little resemblance to the species described in this research. Future teachers and students

will approach their ecosystems with different needs, resources, perceptions, and abilities.

The school ecosystem itself will undoubtedly be characterized by different environmental
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factors. And new technologies - always unpredictable - will doubtless have features and

adaptative abilities that reflect some of the experiences gained from the pioneering

generations. With each generation, the rules and parameters of the survival game change

and undergo redefinition.

In this study, technology survival in a specific school environment was seen to be

dependent on many environmental and adaptive factors. The research measured the

adaptations and changes in sufficient depth to reveal the limitations of these measures

and to identify several subtle, significant influences. Change one ofthese variables and a

thriving species (like an overhead projector) may vanish, or a failing species (like a

SmartBoard) may revive and flourish.

Teachers and students in this study learned to use some new technologies with

ease, to court other ways of adapting to their school environment, and to react to changes

in their views of the ecosystem. Other new technologies failed to thrive and became

extinct. What mattered was the combination of factors and their mutual impact on one

another. The next cycles are predicated by these: future adaptations and co-evolutions

will incorporate the changes to the ecosystem and its inhabitants that resulted from these

developments.
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APPENDICES

Appendix A: Teacher and Student Variable Scales

Teacher scales (The numbers are the item numbers of these statements in the surveys.)

Positive belief:

1. Computers are generally reliable.

Social/Selfaspect oftech use:

2. The more technology you use, the more respect you will get from other teachers.

3. The more technology you use, the more likely you’ll get promoted.

Pressure on using tech:

4. My students know more about technologies than I do.

9. I need to use computers to keep up in this school.

10. Others in this school expect me to use computers.

11. My colleagues use computers more than I do.

Time constraint:

7. I have a schedule problem when using computers in my classroom.

8. If I use technology in my classroom, I may not be able to finish my teaching tasks.

Computer anxiety:

6. Using technology in my classroom is more likely to make myself look foolish.

12. I am not the type to do well with computer technologies.

19. I don’t feel comfortable using computers in fiont ofmy students.

School rapport:

16. Most teachers here share my beliefs about what the central goals ofthe school should

be.

Ng. attitude on tech: 18, 20, 22, 541

5. I teach better WITHOUT technology.

17. It is difficult to integrate computer activities into most ofmy regular lesson plans.

18. I fear that computers and related technologies will isolate me from the students.

20. Computers and related technologies will isolate students fiom one another.

22. Students shouldn’t be allowed to explore on computers by themselves.

(inverted the items and change negative attitude into positive attitude)

Computer interest: 21, 25

21. I am very interested in computers and related technologies.

25. I am interested in learning new technologies.

Tech support: 23, 24-

23. I have sufficient technology support in this school.

24. I would use technology more if I had more technology support.
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Pedagogy: -32, -33, +34 (constructivist)

32. My students won’t really learn the subject unless you go over the materials in a

structured way.

33. It’s myjob to explain, to show students how to do the work and to assign specific

practice.

34. I try to provide opportunities and resources for my students to discover or construct

concepts for themselves.

School environmentfor new ideas: 13, -14, 15

Q. We introduce many new things in this school.

-14. It is difficult to implement all of the new things in this school.

l_5. Teachers in this school are continually learning and seeking new ideas.

Student scale:

Life skills/ behaviors: 2, 13, 14, 17, 18, -19

2. I am well-behaved in class/school.

13. I follow instructions as they are given to me.

14. I think about the consequences before I make a decision

17. I know good/positive ways to handle my stress.

18. I say no when asked to do something I do not believe is right.

19. I hit or fight when I am angry.

Learning habits: 3, 1 l, 12, 16

3. I complete my homework on time.

1 1. I like participating in class activities.

12. I can ask questions to get the information I need.

16. I do my homework on my own.

Attitude toward school: 4, 6, 8, 9

4. Overall, I like school.

6. School is worth my time.

8. School is helping me.

9.The things I learn in school are useful to me.

Self-esteem: 5, 7, 10, 15

5. I am confident about myself.

7. I have high self-esteem.

10. I am confident about my ability to learn.

15. I know my strength;

Computer Interest: 20

20. I am interested in working with technology/computers.

Self-rated computer ability: 1

1. I am very skilled with computers.
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Appendix B: 5 Types of Technology Use

Table 15: 5 Types ofTechnology Use
 

Type Technology Use

 

General Technology Use Overhead projector for presentation

PowerPoint for presentation

ELMO for presentation

Poster for presentation

PowerPoint for taking notes

Word for taking notes

Internet for information

Stickies to take notes

Word for writing

 

Subject-related Technology Use Learning with Geometer's Sketchpad

Learning with Aleks

Learning with Science probe

Other software for learning

Spreadsheet for data recording

 

Social/communication Technology

Use

Telephoning teachers

Emailing teachers

Telephoning friends

Emailing fiiends

Chatting online with fiiends

 

Construction Technology Use Creating websites

Editing Movie/pictures

Desktop publishing

Doing artwork

Programming

 

Entertainment/Exploration

Technology Use  Download p/m/mPlaying games

Exploring new tech.

Shopping online
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Appendix C: Factors influencing 5 types oftechnology uses

Table 16: Factors influencing general tech use
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Effect Regression coefficient t p

2 _ Effect

R ‘ 0°30 13 seq» size

(Constant) 1.821 1.496 1.217 .226

Student Pretest GPA .166 .068 0.43 2.421 .017

Student technology interest -.018 .035 -0.09 -.521 .603

Traditional pedagogy .582 .343 0.30 1.696 .093

Constructivist pedagogy -.310 .412 -0.13 -.753 .453

Teacher tech use T2 .002 .049 0.01 .039 .969

Teacher s/s effect oftech use T2 -.049 .071 -0.12 -.689 .492

Teacher negative 3mm" and -.127 .121 -0.18 -1050 .296
computer anxrety T2

Teacher socral connectedness and .1 89 .125 0.27 l .51 6 .132

rapport T2

Table 17: Factors influencing subject-specific tech use

Effect Regression coefficient t p

2 _ Effect

R ‘ 0'43 13 SE03) size

(Constant) -23.99 6.50 -3.69 .000

Parental involvement2 .16 .07 0.40 2.28 .025

Student Tech interest -.08 .05 -0.26 -1.50 .135

Teacher FIT2 1.76 .63 0.49 2.78 .006

Tech interest2 4.73 1.21 0.69 3.91 .000

Tech support2 1.89 .58 0.58 3.29 .001

Traditional pedagogy -.61 .37 -0.29 -1 .64 .103

Constructivist pedagogy 1.26 .69 0.32 1.82 .072

Teacher general tech use -.60 .17 -0.64 -3.63 .000

Time constraint2 -2.34 .74 -0.56 -3.16 .002

Teacher social connectedness T2 -.82 .58 -0.25 -1.42 .159

Table 18: Factors influencing social-communication tech use

Effect Regression coefficient t p

2 __ Effect

R _ 0'37 [3 SE(B) size

(Constant) -10.156 4.371 -2.324 .022

V.T.FIT2 -.156 .112 -0.25 -l.394 .166

VTanxty2 .673 .354 0.33 1.900 .060

Teacher tech interest2 2.234 .789 0.50 2.831 .006

Variation ofTeacher
technology interest2 -.563 .310 -0.32 -1.816 .072

Teacher perceived 1.065 .430 0.44 2.480 .015



technology support2

 

 

 

 

 

 

 

 

VTsppt2 .313 .276 0.20 1.131 .261

vanatm °fTeam“ T‘m" -.269 .147 -032 -1.838 .069
spent on technology2

Table 19: Factors influencing Construction Tech Use

Effect Regression coefficient t p

2 _ Effect

R _ 0'45 B SEQS) size

(Constant) -14.69 7.924 -1 .854 .066

parent involvement2 .088 .086 0.18 1.022 .309

M.T attitude on laptop2 -5.13 1.916 -0.47 -2.678 .009

vanam“ °fTeacher ammde 1.39 .591 0.41 2.355 .020
towards the laptops2

Teacher technology anxiety2 4.36 1.613 0.48 2.705 .008

“mm“ °fTrad‘twnal -.79 .287 -0.49 -2.763 .007
pedagOgyZ

MT “Y““mem suppmmg 7.60 2.671 0.50 2.846 .005
mnovatron2

VTenvth 1.14 .458 0.44 2.499 .014

M.T social connectedness2 4.25 1.273 0.59 3.338 .001

Teacher time on technology2 -4.73 1.532 -0.54 -3.086 .003

Vanatlon of Constructrvrst .49 .231 0.37 2.101 .038

pedagogy

Teacher technology variety 1.47 .532 0.49 2.758 .007

Table 20: Factors influencing Entertainment/Exploration Tech use

Effect Regression coefficient t p

2 _ Effect

R 0'40 11 813(8) size

(Constant) -7.676 7.446 -1 .03 1 .305

Teacher attitude on laptop2 2.337 1.476 0.28 1.584 .117

Teachercumm ’“hmbgy use 2.840 1.165 0.43 2.437 .017
statusZ

Ligation of teacher current Tech _1 .492 .690 -0.38 -2.160 .03

Teacher tech interest2 2.206 1.041 0.37 2.1 19 .037

Teacher perceived tech support2 .849 .562 0.27 1.51 1 .134

Traditional pedagogy2 .669 .405 0.29 1.654 .101

vanatw” °f°°“S”“°“‘"St .628 .327 0.34 1.923 .057
pedagogy

Teacher tech use variety -.654 .364 -0.32 -l .798 .075
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Appendix D: How technology uses affect student outcomes

Table 21: Factors influencing student GPA at the end ofthe schoolyear (time 2)
 

 

 

 

 

 

 

 

 

 

 

Effect Regression coefficient t p

2 = Effect

R 0'71 0 SE([3) size

(Constant) 5.735 2.243 2.557 .012

General tech use .092 .159 0.10 .578 .565

Subject-Specific tech use .023 .103 0.04 .218 .828

figglal’cmmumcatwn tech .120 .099 0.21 1.210 .230

Construction tech use .002 .098 0.00 .023 .982

Entertain/Explore tech use -. 129 .095 -0.24 -1.361 .177

Traditional pedagogy .258 .396 0.1 1 .653 .516

Constructivist pedagogy -1.325 .579 -0.40 -2.289 .025

Teacher Tech use Variety .126 .149 0.15 .847 .399

Teacher Common tech use -.060 .099 -0.11 -.607 .546

Teacher time on tech T2 .383 .654 0.10 .585 .560

Student Development T1 .015 .068 0.04 .216 .830

Student time on computer T2 -.170 .057 -O.53 -2.991 .004

Student tech use variety -.004 .019 -0.03 -.191 .849

Learning Habits T2 .307 .097 0.55 3.148 .002

FITness post .088 .019 0.81 4.611 .000

Table 22: Factors influencing student technology ability at the end ofthe school year

Effect Regression coefficient t p

2 _ Effect

R _. 0'38 [3 SE([3) size

(Constant) 8.051 1.995 4.036 .000

General tech use 1.416 .774 0.32 1.829 .071

Subject-Specific tech use -1.291 .533 -0.43 -2.422 .017

Egglal'cmmumcatm tech -.280 .504 -0.10 -.555 .580

Construction tech use -.596 .495 -0.21 -1.206 .231

Entertain/Explore tech use .322 .449 0.13 .718 .474

Table 23: Factors influencing student learning habits at the end of the school year

Effect Regression coefficient t p

2 _ Effect

R 0'69 13 813(0) size

(Constant) 2.542 2.468 1.030 .306

General tech use .108 .176 0.11 .611 .543

Subject-Specific tech use .027 .114 0.04 .234 .815

Social-Communication tech use -.059 .110 -0.09 -.535 .594
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Construction tech use -.097 .108 -0. 16 -.899 .371

Entertain/Explore tech use .290 .100 0.51 2.894 .005

Traditional pedagogy -.195 .438 -0.08 -.444 .658

Constructivist pedagogy .1 15 .641 0.03 .179 .858

Teacher Tech Use variety -.094 .165 -0.10 -.571 .569

Teacher common tech use .131 .109 0.21 1.199 .234

Teacher time on tech T2 -.287 .723 -0.07 -.396 .693

Student development T1 .401 .062 1.14 6.465 .000

Student time on computer 2 .060 .062 0.17 .963 .338

Student tech use variety -.008 .021 -0.07 -.394 .695

Student FITness T2 .022 .021 0.19 1.062 .291

Table 24: The impact oftechnology uses on student developmental outcomes

Effect Regression coefficient t p

2 _ Effect

R ’ 0'86 [3 SE([3) size

(Constant) -5.844 1 .21 -4.84 .000

General tech use -.025 .149 -0.03 -.17 .869

Subject-Specific tech use -.018 .103 -0.03 -.18 .859

Social-Communication tech use .190 .097 0.35 1.96 .053

Construction tech use .000 .098 0.00 -.002 .999

Entertain/Explore tech use —.046 .095 -0.08 -.48 .631

Student Tech interest .100 .049 0.36 2.04 .044

Student Learning Habits T2 1 .15 1 .092 2. 19 12.45 .000

Student GPA T2 .000 .095 0.00 .002 .998

Constructivist Pedagogy .132 .310 0.08 .43 .671
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