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Abstract

The investigation had two major goals. The first was to explore the status of the
adoption of computerized technology in the fields of teaching and coaching volleyball. The
motivation for conducting this research comes from the lack of studies exclusively carried
out to explore the status of technology in the field of physical education and sport
coaching.

The results showed that using computers for general purposes has already diffused
almost completely. However, the picture is different with regard to the specific use of
computers within physical education and sport, where more than half of the Late Majority
and all the Laggards are still not using them. Additionally, the most popular applications
used by teachers and coaches are general ones (e.g., word-processing, spreadsheets). Not
many -are using specific applications designed to assist teachers and coaches in carrying out
unique assignments.

The second goal of the investigation was to study the process of the diffusion of
innovation; and, more specifically, to learn about the role of several external factors within
the diffusion of the innovation paradigm (Rogers, 1995). While in recent years many
studies have focused on the input of perceived attributes of the innovation on the adoption
process (e.g., Davis, Bagozzi & Warshaw, 1989), the research on the importance of an
individuals' characteristics is relativity virgin. A modified model (based on the diffusion of
innovation and technology acceptance models) has been developed and was used to test
external factors that may affect one’s decision to adopt or reject the innovation, as well as

its implementation. The hypotheses related to the Technology Acceptance Model (TAM)
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and the relationship between innovation attributes and intention to adopt an innovation
were supported. Additionally, specific attitude towards using computers within sports and
physical education, professional innovativeness and formal education level were found to
affect the characteristic of innovation and indirectly intention. Validation of the suggested
model with a larger sample is recommended. This will allow exploration of more variables

and their reciprocal relationships.
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CHAPTER 1

INTRODUCTION

Technology profoundly affects many areas related to sport and physical education
(Martens, 1997), from the development of new materials to be used in specific equipment
(e.g., the pole in pole vault) through video demonstration for teaching a new skill, to
biomechanical performance analysis. Technology can affect sport to such an extent that the
advancements in equipment design may improve performance so much that it could even
destroy the challenge in some sports (May, 2000). -

The recent development in digital technology makes it possible for physical
education teachers and coaches to gather efficiently and effectively, analyze, and integrate
information and resources in order to improve teaching and train{ng (Katz, 2001). As
technology evolves it offers new and creative applications. However, in order for
technological innovations to be used by teachers and coaches, those individuals need the
technological background and the right attitude towards technology. In many cases
however, there is a widening gap between changes and innovations that technology brings
and the human capacity to adapt to them (Katz, 2001).

The level of diffusion of technology in coaching and teaching is still an open issue.
Not much has been reported in the literature. Recently, Liebermann, Katz, and Morey-

Sorrentino (2005) looked at senior coaches’ attitudes toward technology. The results
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showed that advanced coaches seem to have a positive attitude towards the use of sport
technology, but this attitude does not always translate into actual practice within the
competitive environment.

The aim of this thesis was to study the diffusion of information technology among
physical education teachers and coaches. Several questions about the level of diffusions
have arisen. For example: to which categories of adopters (as defined by Rogers, 1995) has
the computerized technology been diffused? This is a very important issue for sport related
software developers and designers. As suggested by Norman (1998b), developing a tool for
Early Adopters is very different from developing the same tool for the entire population in
a specific social system, which includes Late Adopters and Laggards. For Laggards, the last
individuals to adopt the innovation, technology is taken for granted and the tool has to be
very 'user-friendly’ in order to be adopted (Norman, 1998b).

The current study incorporated a modeling technique to try to identify the main
external variables that affect an individual’s intention to adopt a new technological tool
such as the Interactive Volleyball CD-ROM, which was designed with this research in
mind. The Diffusion of Innovation Model (Rogers, 1995) was validated in many different
areas, such as hybrid-seed corn (Ryan & Gross, 1943), birth control (Freedman &
Takeshita, 1969) and the Internet (Atkin, Jeffres, & Neuendorf, 1998). A more specific
model, the technology acceptance model (TAM), which was developed by Davis, Bagozzi
& Warshaw (1989) was suggested to explain diffusion of information technology (IT).

These two models underlie the theoretical basis for the study.
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The area of instructional technology implementation has been previously studied
under the framework of Diffusion of Innovation. Several studies have also focused on the
identification of the significant factors contributing to educational technology
implementation (e.g., Anderson, Varnhagen, & Campell, 1998; Groves & Zemel, 2000; Liu
& Johnson, 1998). Most studies however, have simply investigated one or two factors,
focusing on either the psychological perspective or the environmental perspective of
factors, and disregarding other relevant variables (Park, 2003).

However, the adoption and implementation of an innovation is a multifaceted process
that is influenced by many factors. A complex interaction of social, economic,
organizational, and individual factors can influence technologies that are adopted as well as
the ways they are used after adoption (Park, 2003).

In the present study, three categories of variables were found in the literature to be
related to the rate of diffusion. They were identified and studied using a modified model
described in section 2.4. Subjects' self-efficacy, innovativeness, previous experience in
using computers, as well as attitudes towards working with computers, are among the
personal characteristics variables which have been collected and tested. Additionally,
demographic variables, such as age and education were also measured. From the social
point of view, the effect of the international context, or more specifically communication
channels was also considered. Finally, two perceived attributes of innovation were
monitored and introduced into the model: perceived relative advantage and perceived

complexity.
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Using multiple linear regression techniques the most profound variables, which affect
the intention to adopt the CD-ROM, have been recognized. These variables were specific
attitudes, professional innovativeness, education, perceived relative advantage and
perceived complexity. While the regression model represents only direct effects, in reality,
it was expected that some variables would also have indirectly affected one another through
one or more intervening variables. Therefore, the structural equation modeling (SEM) was
used. The hypothesized model of the study, which was validated using the data collected

from physical education teachers and coaches, is described in Figure 1.1.

Innovativeness \
Previous »| Professional
Self.off Experience Innovativeness Perceived
eli-etlicacy Relative
Advantage \
Intention
Attitude fo use
the CD-ROM
Perceived
Complexity
(PCo)
Formal
Education

Figure 1.1. The modified model tested in the study.
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1.1 Purposes of the Study

The current study had two major aims. The first was to study the relationships
between instructional technology and physical education teachers and coaches. Subjects
were asked about the technologies they used for general purposes and job-related tasks.
They were also questioned on the duration of time they had been using digital technologies
and their attitudes toward usage.

The second aim was to build a model that would help to predict the level of adoption
of an innovation and to validate it with the data collected on teachers and coaches. The
focus was the external variables and, therefore, several independent vari:ables were
identified and tested within the model. Understanding the reason people use or not use
instructional technology seems very critical to instructional designers and developers. This

is the primary reason why the field of adoption/diffusion of innovation should be studied.

1.2 Significance of the Study

Although there have been many studies of the adoption/diffusion of innovation, few
have dealt with more than a limited number of external variables and their
interrelationships (Park, 2003). In reality, it is assumed that a person will be influenced by
different factors (e.g., psychological and environmental) for developing an intention to
adopt or to utilize an innovation. The main concern of the innovation diffusion research is
the way innovations are adoptec'l and the reason innovations are adopted at different rates.
Therefore, the development of the study model, which includes variables from .different

perspectives, and the empirical results generated, may add to the understanding of adoption
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and utilization processes of instructional technology especially, in physical education and
sport.

This was a pioneering study in physical education and sport within the diffusion of
innovations framework. As such, the result would also be helpful to instructional designers.
Instructional technologists not only need to create well-designed products, but also to
ensure the adoption of these products. When it comes to successful educational program
design, the consideration of the characteristics of the target audience is essential to the

analysis phase in most instructional design models (Norman, 1998a).
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CHAPTER 2

LITERATURE REVIEW AND MODEL DEVELOPMENT

This chapter is divided into four main sections. The first section (2.1) introduces the
use of computer-based technology in the fields of sports and physical education. In section
2.2 the diffusion of the innovation model (Rogers, 1995) is discussed. Section 2.3 présents
applications of the diffusion model in the field of information technology, and introduces
the TAM. The development of the model that was tested in the study is described in the last

section (2.4).

2.1 Information Technology in Physical Education

The use of technology to enhance coaching and teaching has been recognized as an
important factor (Katz, 2001). These days, computer-based technology influences many
sport-related areas such as equipment design, performance evaluation, game statistics and
analysis, measurements, and computerized training. However, technology especially
designed for sport and physical education appears to be in the early stages of diffusion
among coaches and physical educators. The impact on teaching physical education and
coaching is usually less dominant compared to other disciplines.

The following are possible reasons for explaining the reason the use of computer-

based technology in physical education has lagged behind:
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1)

2)

3)

There is no “natural connection” between computers and physical
education - It is relatively difficult to incorporate computers in teaching
physical education, compared to other disciplines such as mathematics or
science (Raz-Liebermann, 2000).

The teachers’ attitudes — Woodrow (1992) found that one of the necessary
conditions for effective use of information technology in the classroom is a
positive teacher attitude towards the use of computers. One reason for the
relatively low level of technology adaptation in physical education and
sports might be the level of implementation of technology in physical
education colleges and university faculties. Since college students of today
are the teachers of tomorrow, the use of technologies affects whether or not
physical education teachers will incorporate computers into their teaching
curricula. Consequently, the implementation of computers within the field of
physical education should start in colleges and universities. This is expected
to create a generation of teachers with more confidence and éxpertise in
using computers and a higher awareness of the potential of the use of
technology in teaching physical education (Raz-Liebermann, 2000).
Physical education is a “practice subject” — Traditionally, physical
education has essentially been considered as a practice subject (Fox, 1992).
According to this view, physical education topics can be learned primarily

by active participation in physical activity. Under such an assumption,

8
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cognitive processes take only a minor role and the possibilities of
incorporating instructional software are limited.

4) Availability of hardware and software — While today many schools have
computer laboratories, only few have computers in the gym, swimming
pool, or on the athletics field. In the same vein, many math teachers in
schools have personal computers at work, but this is not the case for
physical education teachers. An additional problem is the availability of
educational software that can be used in the class. Even though there is an
abundance of sport-related software commercially available, only a small
proportion is designed f'or educational purposes. This might be because such
software is usually designed for entertainment,_ and thus, the motive
underlying its development is economic (Raz-Liebermann, 2000). It seems
that few, if any, of today’s products are designed to meet actual educational
needs (Flowers, 1998). The lack of accessibility of hardware in places where
it is most needed by teachers, and the accompanying lack of software, are

reasons for the limited use of computers in physical education.

However, in spite of the problems and concerns associated with the adoption of
information technology in physical education, there are some unique advantages for
recommending adoption of technology in this field:

1) Visual and dynamic topic — Important characteristics of physical education

and sport are dynamics and visibility. It is relatively difficult to understand
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2)

3)

performance features by written text alone. The use of computers can be
very beneficial in visualizing sport performances, biomechanics principles,
and muscle physiological processes. For example, in a physical education
class, students can observe the performance of a long-jump in slow motion,
with an overlaid animation illustrating the center of mass dynamics (force
vectors and moments) and kinematics during the movement the jump (Raz-
Liebermann, 2000). Many sport-related encyclopedias can be found where
the user can see and/or hear video clips, sounds, pictures, and text. An
advantage of digital playback technology is that the observer may get a
better insight into fast and dynamic actions at his/her own pace since speed
of replay is under his/her control. In addition, digital video technology
enables a combination of video images and graphics.

Improved performance — A number of studies have shown the advantages of
using instructional software for teaching physical education topics (Kerns,
1989; Skinsley & Brodie, 1990; Steffan & Hansen, 1987). For example,
Skinsley and Brodie (1990) found that students who have experienced a
computer-assisted instruction better understood and retained information as
compared to students that were instructed using traditional methods.
Multidisciplinary discipline — Physical education is a multidisciplinary field,
and as such, finding and focusing on relevant information may be
problematic. Kinesiology, the field of study of theoretical and functional

aspects of human movement, brought about a broad body of knowledge that

10
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emerged in the last 30-40 years. It includes diverse scientific subtopics such
as biomechanics, exercise physiology and sport psychology. Thus,
Kinesiology could benefit from the use of information technologies (Fox,
1992) in a way similar to that used in other scientific integrative
multidisciplinary areas of interest.

In addition, an essential requirement in many jobs today is the ability
to locate information quickly. In multidisciplinary subjects such as physical
education, this is further complicated since content materials are related to
many other disciplines (Haggerty, 1999). When the data is in a digital foﬁ,
it is relatively easier to find, filter, access, and present in effective and
efficient ways by means of computer technology (Haggerty, 1999).

4) Productivity tool - One application of information technology in teaching
physical education and coaching sports is the “productivity coaching tool.”
Fraser and Daniels (1980) predicted that computers would be the number
one coaching tool of the eighties. However, they may have been overly
optimistic as this is still an issue in 2005.

Even though currently available software can be used for recording
and analyzing sport performances, in other aspects (e.g., in the evaluation of
physical parameters, scheduling sport events and creating individual fitness
programs) available soft\;vare does not seem to meet coaches’ and teachers'
needs. According to Haggerty (1999), computers can help the coach/teache;

in different administrative and analytical tasks (e.g., finding and selecting
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information, analyzing and visualizing results). This is an important benefit
considering the information overload that people currently experience.
Donald (1991) suggested that computers could be considered as “external
extensions” of human biological memory. That is, the need for an external
device such as a computer (Haggerty, 1999) stems from the limited
information storage and processing capabilities of biological memory.
This section has summarized the major problems and advantages in adopting
information technologies in the areas of sport and physical education. The next section

presents the status of computer technology within these areas of study.

2.1.1 Brief History Review and Overview of the Status of Information
Technology in Physical Education

Computers were initially introduced in sports mainly as a solution to data
management problems (Franks, 1992). During the 1980°s, many applications were designed
for capturing, analyzing and evaluating sport performances. Computers were used as
assistive tools for physical education teachers or coaches. The underlying principle of those
pioneering applications was the availability of accurate and fast feedback of knowledge of
results (KR), which was assumed to enhance and accelerate the motor learning process
(Franks, 1992). In the 1990’s, with the development of hypertext and multimedia, there
were hopes that especially designed software would become a leading tool in the physical

education classroom (Katz, 1992). However, hopes did not seem to realize.
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Beside personal communications and experience, only a few studies have
investigated the status of computer technology in physical education and/or sports. Skinsley
and Brodie (1992) conducted a survey in England in which 372 physical education teachers
‘were asked about their information technology awareness and experience. The authors
concluded that there was a low level of computer awareness amongst physical education
teachers. This was highlighted by the fact that only 29% of teachers reported using
computers for any purpose, while only 9% used them on a regular basis. In addition, 13%
of teachers reported that they used the computer when teaching, but mainly in
administrative applications. These findings clearly showed that most physical education
teachers had not benefited from the developments in information technology. Skinsley and
Brodie (1992) pointed out that the reason for sucli phenomenon might be that “...unlike
many other curriculum areas, the amount of subject specific software for physical education
is still limited” (p. 18). Martens (1997) conducted a survey on 105 members of the
American Academy of Kinesiology and Physical Education and found that even though
many people used computers for word processing computers were not widely used as
educational tools in the movement education sciences. The subjects Martens's study were
also asked how well technology was used to advance the discipline of kinesiology. The
results showed a mean score of 3.1, with a rate of 1 being “not well” and 5 being “very
well.” The results were even lower (mean score was 2.4) using the same scale when the
same question was asked with regard to physical education (Martens, 1997).

However, from the literature, one cannot determine the status of computer

implementation in sport teaching and coaching. The two studies previously reported in this
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chapter were carried out 11 and 8 years ago, respectively. It might be that physical
education teachers and coaches are currently in the fast phase of the diffusion of the
technology curve and, therefore, results of new studies may differ from those found a few
years ago.

As a positive attitude towards using technology is a major factor in determining the
adoption of the technology, it is important to study coaches' and teachers' attitudes towards
computer usage. Previous studies (Huan, Compley, Williams, & Waxman, 1992; Padron,
1993) found that teachers did not always have positive attitudes towards technology.
However, in recent years, Liebermann, Katz, and Morey-Sorrentino (2005) studied a group
of 27 highly experienced and educated coaches. These researchers found that most of group
participants not only believed that there is a role for technology in coaching (mean 4.54 on
a 5-point scale) but also considered themselves to be relatively comfortable in using
technologies (mean 4.33 on a 5-point scale). However, it should be emphasized that such a
sample might not be representative of the general population of coaches, many of whom are
less experienced. The sample size was also relatively small (n=27).

It is suggested that there is a need to study the current status of information
technology and factors that might affect the diffusion of a technological innovation in

physical education and sports.

2.2 Diffusion of Innovations Model — Rogers (1995)
Some new ideas or products are adopted very quickly, while others require lengthy

periods before adoption. Additionally, the same innovation will be adopted at different
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rates by different individuals. The framework of diffusion of innovations (Rogers, 1995)
could be used for explaining these phenomena. The model may be used to describe patterns
and mechanisms of adoption, as well as assist in predicting whether an innovation will be
successful and, if so, in what way (Clarke, 1999).

Diffusion is “the process by which an innovation is communicated through certain
channels over time, among the members of a social system” (Rogers, 1995, p: 5).
Therefore, the four main elements in the diffusion of a new idea or a product are: (1) the
innovation, (2) the communication channels, (3) the time, and (4) the social system. An
innovation can be “an idea, practice or object that is perceived as new by an individual or
other unit of adoption” (Rogers. 1995, p: 11).

The study of innovation diffusion is relatively new.(Surry, 1997). It may be traced
back to the study conducted by Ryan and Gross in 1943 on rural sociology in Iowa. These
researchers investigated the rapid diffusion of hybrid corn to learn about aspects of this
process that could be applied to other farming-related innovations. Since 1943, a number of
researches (e.g., Tarde, 1969; Wellin, 1955; Rogers, 1995) have built on the work of Ryan
and Gross (1943) and developed theories related to the diffusion of innovations. Researcher
Everett M. Rogers is most responsible for establishing a “research tradition” in the field.
His book Diffusion of Innovations was first published in 1960, and it is now in its fifth
edition (2003). Rogers saw the similarities in all the studies carried out in the different
disciplines and the potential for a general model. Rogers’ diffusion of innovations model

AN 19

included three main theories: “the innovation-decision process,” “attributes of innovations
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and their rate of adoption,” and “innovativeness and adopter categories attributes” that are

briefly described here.

2.2.1 The Innovation-Decision Process Theory

According to the diffusion of innovation model, diffusion of innovations is a process

that takes place over time. The innovation-decision process has been defined by Rogers

(1995) as the “process through which an individual (or other decision-making unit) passes

from first knowledge of an innovation to forming an attitude towards the innovation, to a

decision to adopt or to reject, to implementation of the new idea and the confirmation of

this decision” (p. 20). Based on the theory, the process includes five distinct stages (Rogers,

1995) (see Figure 2.1).

Prior Conditions: l
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Figure 2.1. A model of stages in the innovation-decision process (Rogers, 1995, p: 163).
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a)

b)

Knowledge — In this cognitive stage, the individual (or any other
decision-making unit) gains basic information about the innovation.
First, the individual has to find out that the innovation exists (awareness-
knowledge). Then, he/she learns how to use the innovation properly
(how-to knowledge), and finally, the individual needs to understand
functioning principles underlying the way in which the innovation works
(principles-knowledge). Characteristics that may influence this stage are
socioeconomic status, personality variables and communication
behavior. |

Persuasion - Persuasion occurs when the individual is forming an
attitude, either in favor or against the innovation. In order to do so, the
individual have to become more involved with the innovation. He or she
seeks information about advantages and disadvantages. There are five
main characteristics of an innovation that might influence the individual
attitude at this stage: relative advantage, compatibility, complexity,
trialability, and observability (these are elaborated in section 2.2.2). The
formation of a favorable or unfavorable attitude towards an innovation
does not always result in adoption or rejection. In some cases, attitudes
and actions are quite in contrast. This “knowledge-attitude-practice”

discrepancy is called the “KAP-gap.” Some individuals are more likely

to have a KAP-gap than others are. One reason might be a low self-

17



Modified diffusion of an innovation model in volleyball 18

efficacy (i.e., the individual’s belief that he/she cannot easily solve
problems by him/herself).

c) Decision — During the decision stage, the individual engages in activities
that lead to a selection between adopting and rejecting an innovation. In
some cases, this decision is based on simple trial-error or some minor
experience with the innovation. In some cases, the experience of peers
might be sufficient.

d) Implementation — In the implementation stage, the individual uses the
innovation. The first sign of a behavioral change can be seen at this
stage. One issue is the decision about adopting an innovation, and
another is the actual use of an innovation. The implementation stage
ends when the innovation becomes an integral part of the adopter’s
behavior. In some cases, re-invention (i.e., an innovation change and its
evolution) may take place at this stage.

e) Confirmation — The confirmation stage will not always occur for all
individuals. At this stage, individuals might look for reinforcement of
the innovation-decision process, or a reversal of the previous decision to

use it.

2.2.2 Attributes of Innovations and their Rate of Adoption Theory
Researchers are able to plot “diffusion curves” using the number of adopters as a

function of time. Innovation curves usually present normal, bell-shape profiles (Rogers,
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1995). When “cumulative number of adopters™ is used as the dependent variable, the result

show an S-shaped curve (see Figure 2.2).

Gradual stabilization and
eventual decline.

Cumulative | | Relatively

slow rate of
# of adoption. Rapid and
Adopters dynamic
increase rate
of adoption.

Time

Figure 2.2. An S-shaped curve (based on Rogers, 1995).

This shape is a result of different diffusion rates at different stages. At the beginning
of the process, the rate of adoption is positively accelerated but relatively slow. In the mid-
stage of the diffusion process, a rapid increase is observed folléwed by a negatively
accelerated rate of increase that may reach an asymptote (saturation) as time passes. The
innovation’s rate of adoption may gradually stabilize and eventually decline.

Rogers (1995) has pointed out five variable-groups that may determine the rate of
adoption: (1) Perceived Attributes of Innovations, (2) Type of Innovation-Decision
(optional, collective or authority), (3) Communication Channels (e.g., mass media,
interpersonal), (4) Natur¢ of the Social System (e.g., it norms, degree of network

interconnectedness) and (5) Extent of Change Agents’ Promotion Efforts.
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The most dominant group of variables (one that was further tested in the present
study) is the Perceived Attributes of the Innovation. Rogers and Scott (1997) have reported
that 49-87% of the variance in the rate of adoption can be explained by the five perceived
attributes of the innovation (relative advantage, compatibility, complexity, trialability, and
observability). Innovations that are perceived by the individual as having high relative
advantage, compatibility, observability and trialability, and less complexity, will
demonstrate a faster rate of adoption compared to other innovations. The higher the
innovation sums on each one of these characteristics, the faster the rate of adoption. An
important point is that the innovation does not need to be better or easier to use than other
products, but it should be perceived as such. The following is an explanation of each of the
five perceived characteristics of the innovation.

Relative advantage — The relative advantage of an innovation is defined as “the
degree to which an innovation is perceived as being better than the idea it supersedes”
(Rogers, 1995, p: 212). Therefore, if using a personal computer (PC) is perceived as an
easier way to write practice plans (compared to the traditional method of using pen and
paper), then the computer is said to have a relative advantage. This will increase the
likelihood of the PC (and the software) being adopted over traditional methods. In many
studies, relative advantage (or usefulness) were reported as the strongest predictors of
adoption and usage behavior (Adams, Nelson, & Todd, 1992; Agarwal & Prasad, 1997,
Agarwal & Prasad, 1998).

Compﬁtibility — Compatibility of an innovation is defined as “the degree to which an

innovation is perceived as consistent with the existing values, past experience, and needs of
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potential adopters” (Rogers, 1995, p: 224). The more compatible the innovation, the more
likely will be its adoption.

Complexity — The complexity of an innovation is defined as “the degree to which an
innovation is perceived as relatively difficult to understand and use” (Rogers, 1995, p:
242). In other models, such as TAM (see next section), a characteristic of a similar
innovation is called the “perceived ease-of-use.” The rate of adoption of innovations that
are perceived as being “difficult to use” will be slower than that of those that are perceived
as being “easy to use.”

Trialability — The trialability of an innovation is defined as “the degree to which an
innovation may be experimeﬁted with on a limited basis” (Rogers, 1995, p: 243). An
innovation that can be used on a trial basis before makin%;r the decision about its adoption
represents less uncertainty for the individual (Rogers & Scott, 1997). Consequently, the rate
of adoption of a trainable innovation will be higher compared to innovations that cannot be
tried out.

Observability — The observability of an innovation is defined as “the degree to which
the results of an innovation are visible to others” (Rogers, 1995, p: 244). In the case of new
ideas, for example, the observability of the innovation might be zero. According to the
theory, the easier it is for the individual to see the benefits of the innovation, the more

likely he or she will adopt it.
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2.2.3 Innovativeness and Adopter Categories Attributes Theory

It is very clear that different people adopt innovations at different rates. One of the
main variables in diffusion research is innovativeness, which may explain the differences
between individuals in the adoption of an innovation. Innovativeness is defined as “the
degrge to which an individual or other unit of adoption is relatively earlier in adopting new
ideas than other members of a system” ‘(Rogers, 1995, p: 252). Based on their
innovativeness at the onset of adoption of an innovation, individuals can be classified into
five categories of adopters (see Figure 2.3): Innovators, Early Adopters (EA), Early

Majority (EM), Late Majority (LM) and Laggards.

2.5%

Innovators
13.5% 34% 34%

Early Early Late
Adoptery Majority | Majority 16%
(EA) | (EM) M) Laggards

X-2sd.  X-1sd. X X+ 1s.d.

Figure 2.3. Adopter Categories based on innovativeness (Rogers, 1995, p: 262).

It is important to notice that innovativeness is a continuous variable that usually
follows a normal distribution. The classification into the five categories is only to simplify
the model and for illustration purposes. The categorization is based on the average of the

innovativeness in the population and its standard deviation.
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Innovators — Innovators are a small number of people (about 2.5% of the population)
who are likely to be the first to adopt innovations. Usually, they are well educated, “risk
takers,” who may have a relatively high-income. In many cases, the innovators have a high
ability to understand new technologies and are better able to cope with a high degree of
uncertainty (Rogers & Scott, 1997).

Early Adopters — Early adopters comprise the next 13.5% of the individuals to adopt
an innovation. According to Rogers and Scott (1997), those individuals are usually the
opinion-leaders that serve as role models for the other members of the system.

Early Majority — The early majority represents the 34% of the indiv'iduals who
choose to adopt an innovation just before the average member of the system (Rogers &
Scott, 1997).

Late Majority — Late majority represents the next 34% of the population that adopt
the innovation just after the average member of the system (Rogers & Scott, 1997).

Laggards — Laggards comprise the last 16% of the population that finally adopt an
innovation. Usually laggards are skeptical of any changes or new ideas, are less educated
and have limited resources.

In the present study, the innovativeness of the individuals is calculated based on the
first time they started to adopt computer technologies for daily tasks. Thereafter, they are
categorized into the above categories for future analyses. For the purposes of the statistical
analysis, the Jacobsen (1998) méthod is adopted and only two major categories are used: 1)

Early Adopters (16% which includes 2.5% Innovators + 13.5% Early Adopters) and 2)
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Majority (which she called 'mainstream', include 84% of: 34% Early Majority + 34% Late

Majority + 16% Laggards).

2.3 Diffusion of Innovation Research and Information Technology

This section discusses the ways in which the theories of innovation diffusion have
been incorporated into the field of information technology (IT). An additional diffusion
model that was specifically designed for the field of information technology — the TAM — is
also presented.

The Diffusion of Innovation theoretical framework has been widely used in a variety
of studies in different disciplines such as education, public health, communication,
marketing, geography, general sociology and economics (Rogers & Scott, 1997). It has
potential applications in the field of information technology, which is broad and diverse. At
present, the information technology field is incorporating theories from areas such as
communication, cognitive psychology, management, computer science and behavioral
psychology (Surry & Fraquhar, 1997). Research in diffusion of innovations may help to
understand the factors that influence the adoption of an innovation. Such understanding
may help information technology designers to develop new tools that can enjoy rapid
success.

Two of the most appealing characteristics of the diffusion of innovations model are its
simplicity and its “generalizability.” The model has been tested under different conditions
and constraints, and has been found valid (i.e., Ryan & Gross, 1943, Atkin, Jeffres, &

Neuendorf, 1998). According to the model, the diffusion of hybrid corn will present a
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similar process and characteristics as diffusion of the use of Internet. Rogers (1995)
mentions only one unique feature of technological innovation — technology clustering.
Elements of technology that are seen as being interrelated are referred to as technology
clusters. In the mind of a potential adopter, one innovation might be perceived as related to
another technology that he/she already used.

The same concept is also referred to as multi-product innovation (Mahajan &
Peterson, 1985). This fact will influence a person's decision (i.e., to adopt or reject the
innovation). This idea is very appealing for new technologies such as computer tools, and
has already being studied in agriculture (Silverman & Baily, 1961). However, further
research is required to analyze the influence of technological clusters on the rate of
innovation diffusion. In this study, the “previous e:xperience of working with computer in
the field of coaching and teaching” (in short: previous experience) was incorporated into
the model, as an external variable, and its influence on the intention to use the Interactive
Volleyball CD-ROM was tested.

Adaptation of the general model of innovation diffusion to the field of information
technology might include adaptation of the perceived characteristics of the innovation.
Moore and Benbasat (1991) attempted to do this by extending the model and adding two
perceived characteristics of the innovation (image and voluntariness of use) to the basic
five suggested by Rogers (1995). Image, which Rogers included as part of the relative
advantage, was defined as “the extent to which using the innovation was perceived to

enhance one’s image or status in the organization” (Compeau & Meister, 1997, p: 2).
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Voluntariness was “the degree to which use of an innovation is perceived as being
voluntary, or of free will” (Moore & Benbasat, 1991, p: 195).

In order to test empirically the seven perceived innovation characteristics, Moore and
Benbasat (1991) developed seven scales and conducted an experiment with three groups of
potential adopters of personal workstations. Based on factor analysis, they suggested that:
a) relative advantage and compatibility were empirically indistinguishable, b) observability
was made up of two distinctly different dimensions (results demonstrability and visibility),
and c) trialability is confused with voluntariness.

In order to test further the reliability of the scales developed by Moore and Benbaset
(1991), Compeau and Meister (1997) collected data in three different settings with different
versions of the same scales. They concluded that while the scale for measuring relative
advantage, compatibility, image and ease-of-use, are reliable across changes in context, the

reminding scales are not.

2.3.1 Technology Acceptance Model

A review of relevant literature shows that there are additional models although the
diffusion of innovations model is popular for describing and explaining the acceptance of
information technology. For example, an alternative model that is useful for predicting
technological innovation, the TAM, was proposed by Davis, Bagozzi, and Warshaw
(1989). The basis of this model is the theory of reasoned action (TRA) (Fishbein & Ajzen,

1975), which suggests that an individual’s attitudes influence behavior and performance.
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This theory was widely tested and accepted for a wide range of behaviors (Davis et al.,
1989).

TAM was specially designed to explain computer usage. It proposes casual
relationships between the two key beliefs of the users (perceived usefulness and perceived
ease-of-use) and their intention and actual usage, which are mediated by individual attitude

towards using computers (see Figure 2.4).

Beliefs
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Usefulness

g | Attitude Behavioral Actual
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Variables Using To Use :
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Figure 2.4. Technology Acceptance Model (Davis & Venkatesh, 1996, p: 20).

The model suggests that peoples' attitude and (indirectly) performance are influenced
by two main “beliefs”: perceived usefulness, and perceived ease-of-use of the innovation
(Davis et al., 1989). These authors tested more than 100 students to assess, empiﬁcally, the
ability of TAM to predict and explain users' acceptance of word-processing software. The
results showed that perceived usefulness strongly influences the individuals' intention to

use computers, while the perceived ease-of-use is a significant secondary determinant.
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Adams, Nelson and Todd (1992) have replicated the previous study using electronic and
voice mail. Based on their results, the investigators suggested that a variety of other factors

should be added to the model in order to obtain better predictions.

2.4 The Development of the Model

As already mentioned, the major concern of the present study is to test the role played
by external variables in the innovation adoption process. Although diffusion of innovation
research has evolved for a number of years and is consistent with the importance of the
perceived attributes of an innovation on its adoption, the treatment of differences among
individuals is still inconsistent (Vishwanath, 2005). Based on the review of the literature, a
modified model is developed that incorporates variables that are hypothesized to affect the
adoption of the Interactive Volleyball CD-ROM by teachers and coaches.

The proposed model is based on the two models previously discussed in the chapter:
Diffusion of Innovation Model (Rogers, 1995) and Technology Acceptance Model (Davis
et al., 1989). The first step in the development of the new model is to find similarities and
dissimilarities between the two previous models. In order to visualize these similarities and

differences, flow diagrams of the two models are presented in Figure 2.5.
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Figure 2.5. Schematic representation of the two models: A. - Diffusion of Innovation
Model (Based on Rogers, 1995. p: 163), and B. - the Technology Acceptance Model

(Based on Davis, et al. 1989).
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Minor modifications to the diffusion of innovation model include:

1) A collapse of prior conditions needed for the innovation-decision process together
with characteristics of the decision—making unit (to-be-considered as external
variables).

2) A division of the five stages of the process into two major stages: a Behavioral
Intention phase and a System Usage phase.

3) Exclusion of the Adoption/Rejection Attributes, which are assumed to affect the
decision stage, from the model.

The extraction of the component 'Attitudes towards using technology', which was not

measured in this study, is the only modification made to TAM.

The next step was to merge together components of the two models that share
similarities, into one single factor. Both models suggest that attributes of the innovation
(specifically: how the individual perceived the innovation's characteristics) are important
and influence the diffusion. Both models also suggest that similar qualities of the
innovation affect its diffusion.

Perceived Relative Advantage was defined by Rogers (1995) as “the degree to which
an innovation is perceived as being better than the idea it supersedes” (p. 212). The
perceived usefulness was defined by Davis and his colleagues (Davis et al., 1989) as “the
users’ subjective probability that using a specific application system will increase his/her
job performance within an organizational context” (p. 985). The underlying assumption in
both cases is that the more an innovation is perceived as having a higher relative advantage

compared to the methods currently used, the greater the rate of adoption of the innovation.
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Due to the similarity of these two definitions, the model incorporated here collapsed both
factors together into one named, “Perceived Relative Advantage.”

Perceived Complexity was defined by Rogers (1995) as “the degree to which an
innovation is perceived as relatively difficult to understand and use” (p. 242). According to
Davis et al. (1989) ease-of-use is the degree to which a potential adopter views the usage of
the target system to be relatively free of effort. Again, due to the similarity of the two
characteristics, they are incorporated into a single perceived complexity component. In fact,
Davis (1989) already hinted to such a possibility in suggesting that “complexity parallels
perceived ease-of-use quite closely” (p. 322).

A major difference between the two models can be found in the influence of external
variables on adoption of technology. Accordiné to diffusion of innovation, external
variables such as systems characteristics and users' previous experience may influence the
decision process directly. On the other hand, TAM suggests that their influence is indirect,
mediated by the individuals' beliefs.

Based on the evidence for such indirect relationships (i.e., Davis et al, 1989, Davis,
1989), the model proposed in the present study follows TAM, and suggests that the
influence of the external variables is mediated by the users' perceptions about the
characteristics of the innovation, particularly the innovative technology usefulness and
ease-of-use.

External factors of -interest are also incorporated into the present model. The
following variables, assumed to contribute to predicting and explaining individual

behavior, are tested: generalized self-efficacy, innovativeness, professional innovativeness,
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formal education, coaching education, coaching experience, volleyball coaching
experience, previous experience using computer software, age, gender, international
context, and attitudes towards working with computers. The hypothesized model is

presented in Figure 2.6. Its components and interrelationships are explained in the

following sections.
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Figure 2.6. The proposed model.

2.4.1 Model Components:

The first component in the proposed model involves the identification and assessment

of external variables that influence the diffusion outcome. In the current study, those



Modified diffusion of an innovation model in volleyball 33

external variables are used in the model as independent variables. Following, is a brief

explanation of the introduction of each of the variables into the model.

2.4.1.1. Innovativeness, Professional innovativeness and Previous
Experience

In the diffusion of innovation model of Rogers, there are few conditions that
precede the innovation decision process, and that are suggested to affect the process of
diffusion. These preconditionslare previous practice, needs/problems, innovativeness and
norms of the social systems.

In the proposed model, two of the four previous conditions are tested directly:
previous practice and innovativeness, while norms of the social system are tested indirectly
by comparing subjects from different countries. In addition, another innovativeness factor
that assumes to be a content-specific was included (professional innovativeness).

Even though the innovation that is tested for acceptance/rejection is the Interactive
Volleyball CD-ROM, it is argued here that its diffusion cannot be studied in isolation,
without taking previous experience and innovativeness of computers applications and
hardware into consideration. This assumption stems from Rogers’ (1995) notion of cluster
technology, which has been defined to consist “...of one or more distinguishable elements
of technology that are perceived as being interrelated” (1995, p: 235). Koontz (1976) also

pointed out that elements comprising an innovation may be tightly or loosely bundled
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together. In cases where the elements are more closely linked, it is difficult to adopt one
element without adopting the others. This is an accurate assumption concerning the use of
information technology. It is suggested that computer hardware and applications are tied
together, and thus, the adoption of one tool (such as the Interactive Volleyball CD-ROM)
cannot be studied in isolation of the other (i.e., software and computers hardware or
associated tools cannot be studied separately).

Therefore, the study of software innovations, without considering the context of
the associated technological innovations, is likely to result in arguments and lack of proper
understanding of the process (Mahajan & Peterson, 1985).

Expgﬂence and innovativeness are conceptually close variables and, therefore, it is
difficult to distinguish between them and measuring each one independently. In a
previously reported investigation, Jacobsen (1998) suggested that for users to develop an
“extensive” expertise with a particular tool, an earlier adoption of innovation should have
preceded, as compared to users who perceives his/her expertise as a “little.” Therefore,
Jacobsen (1998) included in her questionnaires an item that asked users to rate their level of
experience with each of a list of 44 computer applications and tools on Likert scale from 0
to 4. Thereafter, a composite score was calculated for innovativeness by summing the level
of expertise on each of the tools. Similarly, Wei (2001) reported measuring innovativeness
among cellular phone adopters by testing ownership in a cluster list of telecommunication.

However, in the current study, an attempt was made to measure each of these
variables (previous experience and innovativeness) separately, stressing the fact that

innovativeness is time dependent and should be measured on a time-line.
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Previous Experience — It is assumed that the individuals' previous experience in
using computer software influences their decision on whether or not to adopt new software.
This idea is also based on Rogers' concept of “technology cluster” (1995). As a result,
subjects' previous knowledge and experience in working with computers was added to the
model and assumed to correlate with the behavioral intention to adopt an innovation.

Innovativeness and Professional innovativeness — As mentioned, innovativeness,
which is the degree to which an individual is relatively earlier to adopt an innovation, is a
major component in Rogers' (1995) theory. The current model suggests making a
distinction between general innovativeness (how fast subjects adopt an i'nformation
technology) and professional innovativeness (how early they adopt it for coaching and
teaching assignments). This dichotomy resembles the concepts of global and context-
specific innovativeness of Vishwanath (2005).

Innovativeness assumes a personality characteristic and, as such, it cannot be
directly measured. In the current study, innovativeness is assessed with a procedure similar
to that used in Jacobsen (1998) and Muller and Jacobsen (1997). Accordingly, subjects
were provided with a list of tools and applications and asked to recall the year they first
started using them. This result was used in the current study to measure subjects'
innovativeness and to split the subjects into adopters' categories, while in the previously
reported studies the composite score of previous experience was used. It seems to be more
appropriate because it includes -a temporal dimension, as suggested by Rogers (1995). In
addition, participants were to recall the year they first started using the tool for their

teaching/coaching purposes. This is a measure of professional innovativeness.
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2.4.1.2. Other External Variables

%Atﬁtudes towards Working with Computers — The influence of

individual attitudes on behavior is extensively addressed. Teachers’ attitudes towards

information technology and its influence on usage has been a much-debated research topic
(Akaba & Krunbacak, 1998; Pardon, 1993). Successful use of computers is closely related
to teachers' attitudes towards computers (Lawton & Gerschner, 1982). Stevens (1980, as
cited by Violato, Marini, & Hunter, 1989) identified teachers' attitudes and expertise in
using computers as major factors in the adoption of computers in the classroom. A positive
attitude towards computers is widely recognized as a pre-condition for an effective use of
information technologies in the classroom (Woodrow, 1992).

In this study, two scales are used to measure subjects' attitudes towards working with
computers. The CAS (computer attitude scale) served to measure Anxiety, Liking,
Confidence, and Usefulness, both separately and collapsed into a global attitude score. A
newly developed scale is also incorporated to measure specific attitudes towards using
computers within the field of coaching and teaching physical education. The scale is used

to determine general attitudes as well as specific attitudes.

%Erzgzj Self-Efficacy — Self-efficacy has been identified as a factor that may

contribute to success in completing a task (Cassidy & Eachus, 1999). Concerning computer
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usage, Compeau and Higgins (1995) reported that individuals with high self-efficacy
employed computers more frequently, enjoyed utilizing them more and experienced less
computer-related anxiety. The importance of self-efficacy in explaining the use of
computers was also demonstrated by Hill, Smith, and Mann (1987). They found that
computer “self-efficacy beliefs” affected the choice of individuals to utilize or reject
computers, irrespective of their beliefs about the value of doing so. These researchers have
reported that self-efficacy influences the rate of class registration in computer courses at
university level (Hill, et al.,, 1987). Similar results were found when “performance” in
software training was measured as a dependent variable (Gist, Schwoerer, & Rosen,1989).

- Self-efficacy is being recognized as an important factor in the field of information
technology and, therefore, Compeau and Higgins (i995) have developed a specific tool for
measuring computer self-efficacy. Their findings suggest that computer self-efficacy
influenced the individuals’ actual computer-use among other variables.

It is possible to find justification for testing the effect of self—efﬁcacy on diffusion
in Rogers’ diffusion theory as well. Rogers (1995) pointed out that personality variables
(traits) that are associated with innovativeness have not yet been studied enough. He listed
several personality factors that might differentiate between Early Adopters and Late
Adopters of an innovation. Rogers (1995) mentioned for example: empathy, dogmatism,
ability to deal with abstraction, rationality, intelligence, favorable attitude towards change,
ability to cope with uncertainty and risks, favorable attitude towards science, fatalism, and
aspiring to a goal (Rogers, 1995). Jacobsen's (1998) study denoted the diffusion of

innovation paradigm and the findings supported the hypothesis that there are significant
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differences in self-efficacy between Early and Late Adopters. Based on these findings, self-
efficacy was added to the model to assess its influence on the intention to use an innovation

and the interaction with other external variables.

e

Demographics variables — Formal education, coaching education,

coaching experience, volleyball coaching experience, age, and gender were collected in the

study and their relationship to other components of the model is tested.

International context — Because the experimental data was collected in
Canada and in Israel, an international aspect of the model could also be tested. Although
the international context can also be included in the previous demographic item, it is
investigated in a separate analysis by comparing Israeli physical education teachers and

coaches to their Canadian counterparts.

2.4.1.3. Innovation Perceived Attributes
In addition, the model included two mediated variables related to perceived attributes

of the innovations: Perceived Relative Advantage and Perceived Complexity.
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%‘@b Perceived Relative Advantage (Perceived Usefulness) — Relative

advantage was found to be one of the best predictors of an innovation rate of adoption

(Rogers, 1995). Based on previous investigations, Rogers formulated a generalization in
that "the relative advantage of an innovation, as perceived by members of a social system,
is positively related to the rate of adoption." (1995, p: 216). This hypothesis is congruent

with the TAM proposed by Davis et al. (1989).

%Perceived Complexity (Perceived Ease-of-Use) — The generalization

formulated by Rogers (1995, p: 242) suggested that "The complexity of an innovation, as

perceived by members of a social system, is negatively related to its rate of adoption.”
Similarly, TAM suggests the innovation perceived ease-of-use as an important factor in
determining an individual’s intention to use an innovation (Davis et al., 1989).

The dependent variables of the model (the results of the process) are outcome
measures of the innovation's rate of adoption. The two suggested variables in the literature

to measure the process outcome are intention to adopt an innovation, and actual adoption.

2.4.1.4. Dependent Variables

%@bmahavioml Intention (BI) (and System Use) — In this study, the

behavioral intention to use the Interactive Volleyball CD-ROM was tested using the
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following question: “Please rank your intention to actually take and use this tool for your
teaching/coaching related tasks.” A behavioral intention score in a 5-point Likert scale is
used as a representative dependent variable instead of the actual usage of the CD-ROM
because there was a low return rate of the follow-up questionnaires within some time
constraints of the present study. This precluded the possibility of including “actual system
use” into the model. Nevertheless, in future studies, it is strongly recommended to measure

the actual usage of an innovation by follow-up questionnaires.

2.4.2 Model Relationships

% e '
% External Variables > Perceived Relative Advantage and External

Variables = Perceived Complexity — In the tested model, the influence of differen;c

<

external variables on the decision of whether or not to adopt technological innovation was
tested. Both original models suggest that external variables (Davis et al, 1989), or prior
conditions (Rogers, 1995), have an impact on individuals' intention on using the
technology. According to Rogers’ model (1995), there is a direct causal relationship
between conditions that exist prior to the innovation-decision process and the outcome of
the process. On the other hand, TAM proposes an indirect relationship mediated by the

individuals' beliefs about the innovation.
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“SCs
&0
OOD Interrelationships among the external variables — Different

relationships might exist among the different external variables. For example, Loyd and
Gressard (1986) showed that positive attitudes towards computers are positively correlated
with teachers' previous experiences. Familiarity with computers tend to decrease anxieties
and fears and to the enhance confidence and liking towards computers.

A major line of investigation within diffusion of innovation is to study the
relationship between innovativeness and demographic variables such as age, gender,
income, and others. Jacobsen (1998), for example, found a difference between Early
Adopters and Majority in self-rated computer expertise and total adoption of technology for
teaching and learning. In other investigations, tendencies for Innovators to have higher
income, higher education, and younger age, compared to the Majority were found (Atkin,
Jeffres, & Neuendorf, 1998).

Rogers (1995), however, noted that variables related to personality traits, which can
be associated with innovativeness, have not yet been a focus of attention of in IT research.
Baged on theoretical aspects his model, Rogers suggested that differences between Early
Adopters and Late Adopters should be further investigated. More specifically, he listed
some fundamental personality characteristics that differentiate Early Adopters from Late
Adopters of innovations. Early Adopters, for example, are empathetic, less dogmatic, have
a greater ability to deal with abstractions, are rational, intelligent, and better able to cope

with uncertainty. They also possess a more favorable attitude towards science, are less
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fatalistic, and have higher aspirations compared to Late Adopters. In the current study, two
personality variables are selected from this list:

1. Generalized self-efficacy, which may be associated with Rogers' idea that Early
Adopters are better able to cope with uncertainty and better adapted to the digital
technology field.

2. Attitudes towards working with computers, which is also adapted from Rogers’
personality list of variables, which suggests that Early Adopters have a more

favorable attitude towards science.

(@)
& :g,o
Perceived Relative Advantage —> Behavioral Intention — TAM

assumes that two major beliefs, usefulness and ease-of-use, are of major relevance in the

g

acceptance behavior towards computer technologies. The model suggests usefulness (or

relative advantage) as a direct effect on the behavioral intention (Davis et al., 1989).

S
% Perceived Complexity = Behavioral Intention — In accordance with

the previous relationship, TAM proposes that ease-of-use (or, alternatively, its complexity)

also has significant influence on the individual’s attitudes and intentions to use an
innovation. According to TAM, the perceived complexity effect on the intention to use an
innovation or the actual use of it, happens in two distinguishable paths. Firstly, as a direct

relationship, and secondly, indirectly, by influencing Perceived Relative Advantage. The
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direct relationship, in most cases (e.g., Davis, 1993), comes second to the effect of the
perceived relative advantage but it still contributes significantly to explaining the variance

of the intention to use an innovation.

% Perceived Complexity = Perceived Relative Advantage — According

to Davis et al.’s (1989) TAM, the perceived usefulness is affected by the degree to which
the potential users expect a system to be “effort free,” that is, it should be highly rated in

perceived ease-of-use.

Q
o 5000
Behavioral Intention > System Use — Different studies show a

positive relationship between the intention to use an innovation and the actual use of it.

Davis et al. (1989), for example, found a significant correlation between the behavioral
intention to use the system and its actual use. They concluded that behavioral intention is a
major determinant of users’ actual behavior while other factors influence users’ behavior

indirectly by affecting the behavior at the intention stage.
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CHAPTER 3

THE DEVELOPMENT OF THE INTERACTIVE VOLLEYBALL CD-ROM

This study has been designed to gain additional knowledge about the adoption of
computerized innovation in the field of coaching and teaching volleyball. The innovation
that was used to study the topic was a newly developed multimedia tool for enhancing
volleyball coaching. The CD-ROM Interactive Volleyball: For the Virtual Coach and
Teacher was designed to provide physical education and coaches teachers with a useful
time-saving tool to carry out work.

Chapter 3 describes the theoretical concepts underlying the development of the CD-
ROM (section 3.1). Thereafter (section 3.2), these issues are translated into the practical

ideas that were implemented into the CD-ROM.

3.1 Theoretical Concepts

Many variables need to be considered for the development of instructional materials.
For example, availability of hardware, attitude towards technology and budget are of major
importance. However, a theoretical approach to the development process is of fundamental
importance even though, in many cases, the theoretical framework is neglected.

Two theoretical backgrounds underlie the development of the Interactive Volleyball
CD-ROM are the constructivism philosophy and the user-centered approach (Norman,

1993). The influence of a learning theory on the software development process is presented
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in section 3.1.1. This is followed by a discussion on a user-centered approach and the

possible outcomes of such an approach.

3.1.1 Learning Theories (with Focus on Constructivism)

Learning theories offer important insights _into the ﬁnctions that need to be
considered by anyone designing instructional materials (Schiffman, 1995). This study
suggests that constructivism should provide the philosophical framework for a theory of
learning. Constructivism in learning emphasizes the active role of the learner in learning
and understanding (Grabe & Grabe, 1996). On the other hand, behaviorism is a
psychological theory and pracﬁce that views the learner as passive with respect to the
responses to external stimuli. It focuses on observable behavioral changes by means of
operant conditioning and reinforcement of behavior. It has evolved into an appropriate
theory of learning when a machine-centered approach is adopted (Van den Aardweg & Van
den Aardweg,1993).

Constructivism and behaviorism vary in their conception of learning and knowledge.
While they are fundamentally different theories about the nature of learning, they have had
a significant influence on the development of educational technology.

According to the website of "A Collaborative Term Paper Project in Pedagogical
Information Science" (1998), the behaviorist theory is based only on observable changes. It
suggests that when a new behavioral pattern is repeated it has become automatic, and thus,
it may be assumed to be “learned” behavior. Based on this idea, “drill and practices” as

well as “computer tutorials,” were developed and introduced into the learning environments
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(Jonasson, 1994). These tools were designed to provide users with all the information
needed as well as appropriate feedback. It is assumed that, behavior may be modified until
it becomes an automatic response when required upon enough repetition.

The constructivist approach, on the other hand, anchors its premises in the basic
philosophy that humans build all their knowledge in their minds (Fosnot, 1996). Learning
happens when individuals construct new information with their own unique version of the
knowledge, colored by his/her background, c;,xperiences and aptitude (Willis, 1995). In
order for learning to occur, learners need to be active. Constructivism attempts to guide
students to see the relevance of what they have learned and the direct relationship of the
material to the real world.

The constructivist principles co-exist with user-centered approaches in that they
prioritize users and the tasks they perform. Thus, according to this view, an educational
process should be learner-centered. Students should have control over the pace and the
order of the process and should be encouraged to make decisions. Within such an approach,
it is also important to stress that learning experience should be in authentic and meaningful
situations, with direct applications of the learned material to daily life (Vygotsky, 1986).
Adopting constructivism for developing technology-based learning tools implies that the

major premises of the user-centered approach should be adopted.

3.1.2 User-centered Approach
Human-computer interaction is an area of inter-disciplinary knowledge based mainly

on the combination of psychology and computer technology (van der Veer, Green, Hoc, &
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Murray, 1988). A main concern of HCI research is to determine the affects of physical,
cognitive, and effective human characteristics on the interaction between users and
computers (Computer Science and Telecommunications Board, 1997). The need for
understanding such theoretical issues underlies the fact that digital technologies are usually
complex compared to traditional tools (e.g., a typewriter). This is mainly due to the fact that
digital technologies incorporate added functions. An e-mail system, for example, serves
many functions (sorting, tracing, and forwarding) and, thus, it is more complicated to use
compared to conventional mail. The result of such complexity often results in cluttered
user-interfaces. |

The theoretical issues that are studied in the field of HCI are important for the
development of any computer application. Early research in HCI focused primarily on the
designing of the machine and the computer application. The interface design, for example,
was one of the major topics that had been traditionally studied (Fischer, 1998). However,
lately, there has been a shift from a machine-centered approach to a human-centered
approach. Fischer criticizes the fact that most HCI research has been concerned mainly
with system interfaces, and warns that if changes take place only at the level of the
interface, the influence of such HCI research will become only a “scratch on the surface”
(Computer Science and Telecommunications Board, 1997).

Focusing on the users' needs and tasks is not a new proposition. “Know the user” was
the first principle in Hansen’s (1.971) list of design engineering principles. However, after a
short examination of the instructional software available today, one should ask if such

principle has been really adopted by designers. Developments that focused mainly on the
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technology or the machine itself rather than on the needs and the tasks of the end-users,
have been criticized by many researchers. For example, Norman (1993) states: "We need to
reverse the machine-centered point of view and turn it into a person-centered point of view.
Technology should serve us." (Preface, p: XI). Norman (1998a) also pointed out that an
inappropriate machine-centered approach might result in frustration and inefficiency for the
end-users. Fischer (1998) is in apparent agreement with such statements and points out that
the adoption of a machine-centered approach is responsible for the perception that

99 <

computers are “unfriendly,” “uncooperative,” and “time consuming.”

The user-centered (or human-centered) approach to the development of instructional
(or other) tools suggests that: “a process of product development that starts with users and
their needs rather than technology” (Norman, 1998a, p: 185). In order to do this, Norman
(1998a) suggests that the development of any new tools should start by studying and
observing workers at their workplace. The goal of the user-centered approach is to design
technologies that are “invisible” to the users. This is very important because many of end-
users of tools are individuals who are not computer engineers but use computers only for
specific tasks. This was not the case twenty or even ten years ago, but it is the case today.
The changes in the population of potential users should be accompanied by a shift in the
designing philosophy.

An immediate result of the assumption that the use of information technology is at a
“mature stage” is that Late Adopters are already part of the target audience. These users

need to be taken into consideration in the development of information technology and

educational tools. A similar assumption holds valid for tools designed for coaching sports.
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Therefore, it is suggested here that designers and developers of digital tools for teachers

and coaches should adopt a user-centered development approach.

3.1.2.1 Users’ Needs

In accordance with the suggestion that the users' needs are of major importance when
designing digital tools, the first step in the development of the CD-ROM included
identifying the target population and its needs. Identifying the common tasks that coaches
actually perform in their work was the underlying drive for developing a generic model for
development of computerized tools for coaching and teaching games. The model is

discussed in section 3.2.

3.1.2.2 User Diversity

Whenever the emphasis of the development process moves towards the users and
their tasks, the diversity within the users' population becomes a rﬁajor factor. Users of
information systems interact with a computer in order to accomplish the information-
handling tasks necessary to get their jobs done. It is suggested here that such diversity
should be considered when developing an instructional tool. The diversity of human motor
and perceptual abilities is a challenge to every designer (Shneiderman, 1987). It is difficult
to design a tool that satisfied all users in all situations. However, understanding the
cognitive and perceptual abilities of the users is a vital foundation for designing interactive

systems (Wickens, 1984).



Modified diffusion of an innovation model in volleyball 50

A user-centered approach to designing that recognizes users and their profiles may
help in achieving this goal. A clear understanding of the target population has proven to be
helpful in designing tools for a specific group of workers (Shneiderman, 1987). Users differ
from each other in background experience, level of knowledge, personality, cognitive
abilities, training, and job experience. All these variations are important and should be
considered when developing tools for educational uses. One very important factor is the
diversity of the target population regarding their previous experience with computers.
Rogers (1995) used a different term to describe a similar characteristic. He coined the term
“level of innovativeness,” which he defined as “the degree to which an individual or other
unit of adoption, is relatively earlier in adopting new ideas than other members of a
system” (p. 252).

It is argued here that the level of innovativeness is one of the main factors to be
considered when developing a digital product aimed at improving the productivity of
(sport) practitioners.

The target population, in most cases, is defined by a common task and not by
background and experience. Users may be keenly concerned with task performance, but
may have little knowledge of (or interest in) the computers themselves. Therefore, the
differences found within the population may be enormous.

The level of innovativeness of the potential users should be determined prior to the
development of any software. Individuals can be viewed on a continuum ranging from
those who have no experience working with computers to others with a great deal of

experience. For the purpose of simplicity, Shneiderman (1987) suggests that users may be
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categorized according to their computer experience (or innovativeness, in Rogers’ words)
into three main categories: novice users, knowledgeable-intermediate users, and frequent
users. Rogers (1995) suggests a similar categorization of individuals into five adopter
categories based on their level of innovativeness.

Computer experience is only one example of diversity among individuals. Similar
analysis and consideration could be done on any personality trait or experience of interest.
Section 3.2 describes how the diversity of the population was taken into account while

developing the Interactive Volleyball CD-ROM.

3.1.2.3 Software Flexibil%z{y

The suggestion that computer applications should be? flexible is the result of adopting
a user-centered approach as well as constructivism as a learning theoretical framework. If
the users are the prime focus of the designed system, and if knowledge is to be actively
built by the users, factors such as flexibility of the system become important. The
application’s flexibility also fits well with focusing on users' needs while considering
diversity and adopting constructivism as a philosophy. In the constructivist view applied to
the development of an electronic tool, it may be most important to enhance learning that
allows users to create and generate new knowledge-based schemes. This can be attributed
to constructivism, which suggests that learning happens when learners construct new
knowledge based on prior knowledge (Piaget, 1926).

Several authors share the idea that new tools and applications should be designed with

built-in flexibility, allowing for further manipulation of the information. However, different
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terms have been used to describe this feature. Illich (1973), for example, pointed out the
need for “convivial tools,” which he characterized as tools that allow users to invest the
world with their meaning, and to use them for the accomplishment of a purpose they have
chosen. Fischer (1998) shares this view by suggesting that one of the biggest challenges of
the HCI community is to understand the fundamental differences between printed and
digital media. One such a difference is that digital tools can be further developed and
manipulated by the users. In view of that difference, Fischer (1998) suggests that the tools
of today should consider users as “designers” rather than only as “consumers” of
knowledge. Similarly, Shneiderman (1999) suggests that one of the future challenges for
HCI research is the design of interfaces in the information technology domain that uses and
enhances the creativity of users in building their own schemes.

Additional support for the suggestion that computer applications should be flexible
and allow the incorporation of the potential user’s creativity can be found in the diffusion
of innovations model (Rogers, 1995). Rogers (1995) coined the term “re-invention,” which
he defined as “the degree to which an innovation is changed or modified by a user in the
process of its adoption and implementation” (p. 174). Re-invention is often beneficial to the
adopters of an innovation. According to a national survey on innovation in public schools
(Berman & Pauley, 1975) when educational innovation was re-invented by the school, its
adoption was more likely to continue. That is, a more flexible innovation that can be
changed and re-invented by its users has a greater chance of being adopted compared to
those that are designed as so-called “closed systems.” Closed and open systems are

alternative terms that can be used to describe the flexibility of the systems. Closed systems
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refer to computer applications that cannot be manipulated by the users. That is, systems for
which their “essential functionality is anticipated and designed at the design time” (Fischer,
1998, p: 3). Fischer (1998) suggests that closed systems are inadequate to cope with the
knowledge and the situation of real-world problems, and calls for the development of “open

systems.”

3.1.2.4 Software Usability

Adopting a user-centered approach with emphasis on user needs and diversity also
results in attempting to design a user-friendly software interface. Different termé have been
used to describe such a characteristic of the software: complexity and usability.

As explained previously, perceived usefulness and perceived ease-of-use are
important perceptions determining information technology adoption, according to TAM
(Davis, 1989; Davis et al., 1989). The model predicts that perception of technology as easy
to use increases the likelihood of its adoption.

In the diffusion of innovations model (Roger, 1995), the term “complexity” is used as

| 1Y

a factor which affects users' “persuasion” to adopt the system. The complexity of an
innovation is defined as “the degree to which an innovation is perceived as relatively
difficult to understand and use” (Rogers, 1995, p: 242) and it is assumed to be in a negative
relationship with the adoption level.

Usability seems to be a wider term compared to ease-of-use and complexity. It was

defined by Nielsen (1998) as the measure of the quality of the experience users have when
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interacting with a website, a traditional software application, or some other device. That is,

usability is a general property of the tools and systems that people deploy.

Based on Nielsen (1998) and Shneiderman (1987), usability can be measured using

the following five characteristics:

How fast can a user, who has never seen the user interface before, learn it
sufficiently well to accomplish basic tasks? “Ease-of-learning” according
to Nielsen (1998) or “time-to-learn” according to Shneiderman (1987).
How fast can an experienced user accomplish tasks? This factor was
called “Efficiency-of-use” by Nielsen (1998) and “speed-of-performance”
by Shneiderman (1987).

How much more effectively does an experienced user remember to how
to use it the next time? “Memorability” (Nielsen, 1998) or “retention-
over-time” (Shneiderman, 1987).

How often does a user make errors while using the system, how serious
are these errors, and how easy is it to recover from them? “Error
frequency and severity” (Nielsen, 1998), or “rate-of-errors”
(Shneiderman, 1987).

How much does the user like using the system? That is, subjective

satisfaction.
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The overall suggestion from different models presented here is that information
technology should be easy to use and present a lower level of complexity and a higher level

of usability in order to be widely adopted.

3.2 The Model

Based on all the previously noted theoretical concepts, a mode] for developing a
computerized tool for sport game coaching has been developed.

The projected was initiated by grouping together a development group which used to
meet together on a weekly base. The group included volleyball coaches, physical education
teachers, volleyball players, instructional designers and a graphical designer. The first step
in the development process was identifying the tairget population and specific needs. The
target audience was defined as volleyball physical education teachers and coaches from
beginners to intermediate levels. Thereafter, the needs of the target audience were
recognized by the development group. The underlying assumptién was that physical
education teachers and coaches were in need of electronic tools that were aimed at helping
them carry out their job.

According to the Australian Coaching Council (available on-line) the main goal of the
sport coach is “...to assist athletes in developing to their full potential.” The primary task of
the coach is to carry out practices. The major part of the practice should be devoted to drills
that are used to teach and practice different aspects of the game. Additionally, coaches are
in need of background information in coaching-related topics (e.g., components of the

practice, principles of drill selection, key-coaching points).
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Bearing this in mind, the following figure (Figure 3.1) is the result of the discussions
that took place in the needs-assessment stage of the Interactive Volleyball CD-ROM. It
should be noted that the proposed model is a generic one, which may serve as a prototype

for any sport games such as soccer or basketball.

COACHES’> Background Information, Practice/Lesson Developing
NEEDS: Theory of Coaching Contents Practice/Lesson Plans

Figure 3.1. A generic model for development of electronic tools for coaching and teaching
sport games.

The model recognizes three main needs of teachers and coaches and provides a
solution for each of them. The first need is _the basic requirement of a coach/teacher to have
a theoretical background in different teaching/coaching areas ke.g., steps in planning the
practice). The solution for this need is presented in the CD-ROM as an educational section

that consists of video-clips and textual information about coaching theory and tips. The
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drills database is the solution for coachs' need for content material to develop the practices.
It supplies drills (which afe the main content of the practices and lessons) that can be
further manipulated and changed. A re-thinking of the database brought changes in the
searchable criteria, which required re-building the database. The practice/lesson planner in
the CD-ROM fulfils the third need. This planner is a valuable tool that allows educators to
design their own practices (or lessons) easily and effectively. In addition, coaches may use
the tool to keep track of practices or lessc;ns over a period by saving the plans into the
database.

Using an electronic tool such as the Interactive Volleyball CD-ROM provides
teachers and coaches with the.means for performing their common tasks (i.e., designing
drills and writing practice plans) as well as with the means for acquiring knowledge. In
addition, information from digital storage can be easily accessed and shared by any number
of users (e.g., several coaches in the same club or users over the Internet). In this way, the
Interactive Volleyball CD-ROM meets several goals, as suggested by Leighton (1995).
Firstly, it provides the tools for learning and generating some training performance scheme
whenever required. Secondly, it enables users of the CD-ROM to be productive. Finally, it
allows for the organization of daily work, while building a knowledge-base that can be used

in the future (by creating and saving new drills and new practice plans).

3.2.1 Implementation of the Theoretical Concepts into the Model
The development process of the CD-ROM started with the identification of its target

population and user needs. The content of the CD-ROM was chosen as result of the



Modified diffusion of an innovation model in volleyball 58

development team discussion about the requirements of teachers and coaches in the field.
Each idea raised in such meetings was examined with regard to the coach/teacher needs.
Additionally, the team included two volleyball players and four coaches/physical education
teachers. The former were asked to talk to their colleagues and identify their “wish lists.” In
order to improve the product, it has been presented to different audiences at different
stages. The main question at the en& of the presentations was: “is there anything else that
can be done to help you to carry out your tasks.” Even now (after the CD-ROM has been
published), we are still looking for possible improvements and there are two major
suggestions that will be introduced to future versions: 1) another chapter with game
analysis, and 2) developing a website to support the CD-ROM.

The underlying assumption of user diversity was also incorporated into the CD-ROM.
Whenever multiple classes (such as level of innovativeness) were identified and
accommodated in one system, the basic approach was to promote a level-structure
sometimes called the layered or spiral approach (Shneiderman, 1987). This approach was
taken during the development of the Interactive Volleyball CD-ROM. The lack of
published information about the level of innovativeness among teachers and coaches, led to
the assumption adopted here that the target population has already passed the point of
transition, and that the potential users of the system include Late Adopters as well as Early
Adopters. Therefore, a level-structure was used, for instance, by incorporating different
mechanisms for user-interaction with the software. For novice users, the basic interaction
can take place by simply clicking relevant buttons available on the screen. An example

from the Education chapter is presented in Figure 3.2. For experienced users, functions that
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are more complicated were introduced and made available via different menus. An example
can be seen in Figure 3.3, which was taken from the drills database design option in the

Interactive Volleyball CD-ROM.
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Figure 3.2. A screen-shot from the Education chapter of the Interactive Volleyball CD-
ROM.

The concept of software flexibility was implemented in the Interactive Volleyball
CD-ROM by allowing the coach to create and modify drills as well as practice/lesson plans
to fit his’her own goals. The information in the Interactive Volleyball CD-ROM can be
further manipulated, developed, and changed by the users to meet their own objectives.
This is accomplished through the operation of two databases. The CD-ROM includes f 400
volleyball drills. This is an open database, which allows users to modify the existing drills

and to add new ones. The following screen shot was taken from the drills database design
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page, where users can create a new drill, or modify an old one to suit their own purposes

(Figure 3.3).

s

DRILLS DATA-BASE DESIGN'

Dinll #: Dirill Noame:
Objactive:
Abilay Leval:
Skill:

Degree of
Complexity:
Stage of
Development:

_SEARCH i

Drill Type: Ployer Comtered Conch Cortored

Minimum No, of Players: Equipment:
Description: Nofes:

Figure 3.3. A screen-shot of the Drills’ Database Design page of the Interactive Volleyball
CD-ROM.

Similarly, the CD-ROM includes a practice/lesson plan database that can be user-
manipulated (see Figure 3.4). The ultimate goal is that the each user will have two
databases, one for drills and another for plans. Both databases can be manipulated
according personal needs. With the use of the accompanying website, users are able to

download additional drills and adjust them accordingly.



Modified diffusion of an innovation model in volleyball

& INTERACTIVE VOLLEYEALL

b

Time:TTaeew  Proctice No. B

el &b

e Sorn setes et o @k -
i vngrloed He SPHEE B0H 10 eaB e T Yorddern paSE Qianng e
WV

Announcement Fiespractie Mo Yin a0 _:j Chargition of Adminanation g mase

B w1 e |

B Video Clip

. : i
:‘j Diuration of Warmeup: qg W mirtes
>

Printing Options w12

Prnting Options w . 22

ol

4l

Cﬂﬁé'dﬁm}: A Mass Qe W volimytals

‘ R
:‘_I Diumation of Conl-down: 1a W munutey
-

Notas: |

ﬂ Total Duration: o1 op mimsses
P

61

Figuré 3.4. A screen-shot of the Practice Plan page of the Interactive Volleyball CD-ROM

Additionally, in the view of constructivism, the act of developing practice/lesson

plans or designing a new drill can be regarded as an act of problem-solving that takes place

while using the CD-ROM. In implementing the constructivistic conceptual framework

users should also be faced with a meaningful and authentic task. This is employed in the

CD-ROM, were subjects need to develop a practice/lesson plan based on different

conditions such as the level of expertise of the players, number of players, or/and the goal

of the practice/lesson.
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CHAPTER 4

METHODOLOGY

4.1 Research Questions and Hypotheses

The proposed study is designed to gain further knowledge about the way volleyball
physical education teachers and coaches implement computerized technology.

The data collected from the sample were used for two main purposes: a) to learn
about the status of information technology in the fields of coaching and physical education,
and b) to validate different aspects of a model which were based on the diffusion of
innovations (Rogers, 1995) and technology acceptance models (Davis, Bagozzi, &
Warshaw, 1989). The data of the survey was further subdivided into the points of interest

described in the next paragraphs.

4.1.1 Sur\;ey Questions
In order to learn about the status of information technology in the fields of coaching
and teaching physical education, data concerned with the following eight points were
collected:
1. What are the categories of adopters (as defined by Rogers, 1995) to which
computerized technology has' been diffused? Within Rogers’ theoretical
model, time is a major factor in determining the diffusion of innovation.

Determining the use of different tools and software in a temporal perspective
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should provide information on the innovativeness level of the teachers and
volleyball coaches. This allowed for a categoﬁzation of the subjects into
“adoption categories.” The “Pattern of Computer Technology Scale” (Appendix
B) was used to collect this data. Each coach was asked to provide data about the
time h¢/she first used computers for personal tasks.

. What are the categories of adopters to which computerized technology been
diffused for performing teaching/coaching tasks? Subjects were also asked
to recall the year they first used computers in teaching or coaching-related tasks.
This variable was used to calculate the subjects’ professional innovativeness
(i.e., how early wer.e they in adopting the technology for fulfilling job-related
tasks). Again, the “Pattern of Computer Technplogy Scale” (Appendix B) was
used to collect this data.

. What is the time-gap between the adoption of a technology for personal
uses and its adoption for professional purposes? Previous studies (Jacobsen,
1998) have found that the gap between adopting a computerized tool for
personal tasks and using it for teaching-related tasks is 10 years on average
(among university faculty members). In this study, teachers and coaches
provided the information that enabled the calculation of this time gap.

. What is the current level of experience in computer usage of physical
education teachers and coaches, and what are the trends in using
computers? Data from three different sources were used to learn about

subjects’ previous experience levels on computers adoption. Subjects were
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asked about their perceived level of expertise with a list of different tools and
software, in the “Computer Experience” questionnaire (Appendix C). The total
level of expertise for different items was then derived together with the average
number of tools used. The “Stages of Adoption of Technology” was also used to
asséss the overall perceived stage that best described individuals’ technology
adoption (Appendix D). Finally, in a one single question on the “Patterns of Use
of Computer Technology” Scale subjects were asked to report their level of
experience with computers on a 5-point Likert scale (Appendix B).

. What are the computerized tools and software that are used by physical
education teachers and coaches? An answer to this concern was obtained from
a “Computer Experience” questionnaire, which provided an overview of tools
and software applications that are related to teaching or coaching (Appendix C)..
. What are the major requests (needs) of physical education teachers and
coaches with regard to computerized tools? Learning about the subjects’
needs concerning digital technology is a very important first step in developing
computerized tools. Subjects were thus, asked in open questions about the kind
of tools they currently use and the ones they would like to have “Computer
Technology for Physical Education and Coaches™ Scale (Appendix F).

. What are the major trends among physical education teachers and coaches
in relation to the acquisition of computerized tools? Information about the

way in which teachers and coaches purchase their computers and other market-
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related issues was collected using a ‘“Patterns of Use of Computer Technology”
Scale (Appendix B).

8. What are possible barriers in implementing the Interactive Volleyball CD-
ROM? The Follow-up scale was used to gather information about the
percentage of teachers and coaches that have adopted the software, the different
ways in which it was used, the evaluation of the software, and possible

difficulties that coaches may have encountered while using it (Appendix J).

4.1.2 Hypotheses of the Research
A modified model (Figure 2.6) that could explain the relationship among different
factors was developed under the assumption that they influence the teachers and coaches’
decisions on using the Interactive Volleyball CD-ROM, as described in section 2.4.
In order to validate the model, the following predictions were tested (the predictions
were directly based on the previously reported findings discussed in the literature review):
1. Perceived Relative Advantage would be negatively' correlated to Behavioral
Intention.
2. Perceived Complexity would be negatively' correlated to Behavioral Intention.
3. Perceived Complexity would be positively? correlated to Perceived Relative
Advantage.

4. External variables would be correlated to Perceived Relative Advantage.

! A negative relationship is expected because the direction of the intention is opposite and ranking 1 on the
scale suggestion high intention to use the CD-ROM. )

2 A positive relationship is expected because the direction of complexity was measured in the same direction
as perceived relative advantage, when high score = less complexity of the CD-ROM.
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5.

External variables would be correlated to Perceived Complexity.

Some of the relationships among the external variables were also tested. More

specifically, innovativeness and its influence on the following selected variables:

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Early Adopters are Younger compared to Majority.

Early Adopters are mainly Males while Late Adopters are Females.

Early Adopters have mor.e Education compared to Majority.

Early Adopters have more Coaching Experience compared to Majority.

Early Adopters have higher Professional Innovativeness compared to Majority.
Early Adopters have higher Level of Expertise with computer technology
compared to Majority.

Early Adopters have higher Self-efficacy compared to Majority.

Early Adopters have more positive Attitudes towards computers compared to
Majority.

Early Adopters have higher Perceived Relative Advantage on a newly introduced
digital technology (such as the Interactive Volleyball CD-ROM) compared to
Majority.

Early Adopters have lower Perceived Complexity on a newly introduced digital
technology (such as the Interactive Volleyball CD-ROM) compared to Majority.
Early Adopters have higher Intention to use a newly introduced digital technology

(such as the Interactive Volleyball CD-ROM) compared to Majority.
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17.

Early Adopters Adopt and Use the Interactive Volleyball CD-ROM more than the

Majority.

Time and its effect are also of major interest in the present study. The following

hypothesis were tested with that regard:

18.

19.

20.

21.

22.

23.

24.

Subjects' Level of Expertise in pre-workshop is significantly lower as compared to
their level during the follow-up questionnaire.

There is significant positive relationship between subjects' Level of Expertise in
the pre-workshop and in the follow-up questionnaire.

Subjects' positive Attitudes towards working with computers in the pre-workshop
are significantly lower as compared :co their level during the follow-up
questionnaire.

There is significant positive relationship between subjects’ Attitudes towards
working with computers in the pre-workshop and in the folldw—up questionnaire.
There is a significant positive relationship between subjects’ Self-efficacy scores
in the pre-workshop and their scores in the follow-up questionnaire.

Subjects' Innovativeness is significantly lower as compared to their Professional
Innovativeness (“adoption gap”).

There is a significant positive relationship between subjects' Innovativeness and

their Professional Innovativeness.
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One hypothesis tests the assumption that innovativeness and previous experience in
using computers are synonyms. It is hypothesized that:
25. There are significant relationship between innovativeness and previous experience

in using computers.

The last group of hypotheses is intended to assess the role played by the international
context in the adoption of technology. Data obtained from the Canadian sample of
practitioners collected as part of the pilot stage of the study is compared to the Israeli
sample of sport practitioners to test any similarities and dissimilarities in the patterns of the
intention-decision process about an innovation within information technologies. Thus, it is
hypothesized that:

26. There is a significant difference between Israelis and Canadians in level of

expertise.

27. There is a significant difference between Israelis and Canadians in innovativeness.

28. There is a significant difference between Israelis and Canadians in professional

innovativeness.

4.2 The Sample
The sample consisted of 125 physical education teachers and volleyball coaches that
agreed to participate in the study. Thirty-five were from the Calgary district of Alberta,

Canada, while the other 90 participants were Israelis. The data from the Canadian subjects
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was used for the pilot study and for testing the model, and the data from the Israelis was
used for the actual study.

A letter of consent and an explanation sheet were sent to the list of fifty teachers and
volleyball coaches in Canada and 118 teachers and coaches in Israel. Teachers and coaches
that agreed to participate in the study were asked to participate in a workshop (University
of Calgary and Zinman College of Physical Education and Sport), in Canada and Israel

respectively.

4.3 Tools

4.3.1 The Innovation: The Volleyball Interactive CD-ROM

This study was designed to gain knowledge abou? the adoption of computerized
innovations in the field of coaching and teaching. The present innovation was the newly
developed multimedia tool for enhancing volleyball coaching and teaching. The CD-ROM
was developed by the Sport Technology Research Laboratory (STRL) of the Faculty of
Kinesiology at the University of Calgary, and included three main sections, which
answered three different needs of teachers and coaches.

The Educational section covers theoretical aspects of coaching and practice tips. The
second section includes a database that consists of 400 drills covering every skill at
different levels of expertise®. Text, graphics and video clips illustrate the drills, which can
be browsed according to different criteria. The user may also modify or add new drills to

the database. The third section is a practice/lesson planner that enables users to develop a

3 The drills were designed by volleyball experts and are based on 400 Plus Volleyball Drills and Ideas
(Bratton & Kilb, 1985).
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personalized training/teaching plan. It may be printed out in different formats or presented
using a computer in the gym.

The basic assumption of the present research is that the CD-ROM helps and enhances
the process of teaching and coaching volleyball. Appendix M shows examples of the
different screens in the CD-ROM while more information on the CD-ROM development
process can be found in chapter 3.

The Interactive Volleyball CD-ROM is based on two previously published media.
The first is the 400 PLUS: Volleyball Drills & Ideas (Bratton & Kilb, 1985). The book was
designed as a “cookbook” that included descriptions and images of 400 drills. The drills
were organized into four major categories: beginners, skill development, intermediate and
advanced level, and transition drills.

A laserdisc based on the book was published in 1992. The two major add-ins of the
laserdisc were: a) A video-clip for each of the 400 drills, and b) the organization of the
drills into a searchable database. The laserdisc was developed using the HyperCard
Programming tool in a Macintosh platform compatible with a laserdisc player.

The CD-ROM developed for the present study became the third version (published in
2000) of the original project. It uses previously available materials (drills information and
video-clips) and scanned images of the book in one database. The art images are used
mainly in the printing option. Based on the model (described in section 3.2), two new
chapters have been added to the CD-ROM, as previously described: a Practice/Lesson
planner and an Education section. The CD-ROM is a hybrid version which can be played in

both Macintosh and Windows platforms. It has been developed using Macromedia Director
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(version 7.5), with an addition of database plug-ins. A computer with a compatible CD-

player is required to run the CD-ROM.

4.3.2 Research Instruments: Scales and Forms

Users were asked to complete ten different scales in three stages along the study. All
scales were written originally in English. Translation of the scales into Hebrew was done
by using the back-translate method (Campbell & Werner, 1970). After translation into
Hebrew, they were translated to English by a different person. If major differences were
found between the original scale and the translated version, the process was r;epeated. A
brief description and sources of the scales is provided here, while more detailed

descriptions and the scales are provided in appendices A-J.

4.3.2.1 General Information Form

This form consisted of 17 items that collected nominal and ordinal data about the
subjects’ backgrounds (see Appendix A for more details and the scale itself). Results
allowed for correlations among the different demographic factors such as age, gender, level
of education, and coaching experience. In addition, the data from this scale were used to
present the demographic profile of the sample population, which allowed a comparison to

the population profile.
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4.3.2.2 Patterns of Computer Technology Use

This 18-item scale was adapted from Jacobsen (1998) study. The data collected by
this questionnaire include information regarding the patterns of computer use, the type of
computer purchased, access to computers, professional-related software use, and computer
training and support. The purpose of the scale was to gain knowledge about the way
physical education teachers and coaches use computers for personal and professional
purposes (see Appendix B for an explanation of the scale adaptation process, as well as for

the scale itself).

4.3.2.3 Computer Experience

This scale was modified from Jacobsen’s (1998) study. The alpha coefficient reported
by Jacobsen (1998) was 0.93, which is indicative of a relatively high internal consistency.
The modified scale includes a list of computerized software applications®. This scale can be
seen in Appendix C along with an explanation about the adaptations made to the original
scale.

The results from this scale were used to calculate a previous experience score and the
level of innovativeness. Based on this computation, subjects were divided into “adopter
categories” (Rogers, 1995), which are a “classification of members of a social system on
the basis of innovativeness” (Rogers, 1995, p: 279) to test the influence of innovativeness

on other variables.

4 46 tools and applications were used in the Canadian sample, while this number was reduced to 41 for their
Israeli counterparts in this study. This is explained in the Pilot Study section.
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4.3.2.4 Stages of Adoption of Technology Instrument

This is a self-assessment tool of a teacher's level of adoption of technology. It was
developed by Christensen (1997) based on Russell's (1995) learning-stages. According to
Russell (1995), the process involved in learning a new technology includes six main stages:
a) awareness, b) learning the process, ¢) understanding and application of the process, d)
familiarity and confidence, e) adaptation to other contexts and f) creative applications to
new contexts. |

Users were asked to choose the stage they believed best describeds the momentary
status of their level of adoption of technology (see Appendix D). Using this scale, the
variable for the Previous Experience (working with computers) was defined.

Since the Stages of Adoption of Technolog.y instrument is a single item survey,
internal consistency reliability measures cannot be calculated for data gathered through it.

However, a high test-retest reliability estimate (.91) was reported by Knezek et al (2000).

4.3.2.5 Computer Attitudes Scale (CAS)

In order to learn about the attitudes of physical education teachers and volleyball
coaches towards computers, the Computer Attitude scale (CAS) originally developed by
Loyd and Gressard (1984), was used. The purpose of the scale is to gather information
about people’s attitudes towards learning about and working with computers (Appendix E).
The reported internal consistency for the four sub-scales was as follows (Christensen,

1998): Anxiety— a=0.91, Confidence— a =0.81, Liking— a =0.89 and Usefulness— o =0.85.
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4.3.2.6 Computer technology for physical education teachers and coaches

This questionnaire was specially designed to measure the attitude towards information
technology, and the level of awareness on the use of technologies among physical
education teachers and coaches. It consists of 28 items divided in three sub-scales: general

questions, coaching and teaching-related questions, and open questions (see Appendix F).

4.3.2.7 Generalized Self-efficacy

In order to measure the self-efficacy of the users participating in the study, a self-
efficacy scale was used. The scale was originally developed by Jerusalem and Schwarzer
(1981, reported in Schwarzer, 1992). Recently, Schwarzer and Jerusalem (1995) reported
that the Generalized Self-efficacy scale yields relatively high internal consistency with
alpha ranging 0.82 - 0.93. Jacobsen (1998) found the internal consistency of the scale to be
0.91, and confirmed the “unidimensionality” of the scale. The tool is a 10-item
psychometric scale that was designed to assess “optimistic” self-beliefs used to cope with a
variety of difficult task demands in life. Users were asked to indicate on a 4-point scale
how well they felt that each statement described their optimism (1 =not at all true, 2

=sometimes true, 3 = often true and 4 = almost always true) (see Appendix G).

4.3.2.8 Perceived Relative Advantage.
In order to measure the perceived relative advantage of the Interactive Volleyball CD-
ROM, six items from the perceived relative advantage scale were used (Moore & Benbasat,

1991). The six items were made up from the five recommended by Moore and Benbasat
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(1991) to be used in the short version of the scale, plus the item that tests the perceived
productivity of the innovation. This short version was made up of five items and the
reliability that was reported was 0.90 (Moore & Benbasat, 1991). All items were tested on a
7-point Likert scale, ranging from “strongly disagree” to “strongly agree” (Questions 1-6 in

Appendix H).

4.3.2.9 Perceived Complexity

The short version of the perceived ease-of-use was used to measure the perception of
the coaches about the complexity of the Interactive Volleyball CD-ROM. The version
included four items with a reliability of 0.84 (Moore & Benbasat, 1991). All items were
tested on a 7-point Likert scale, ranging from “strongly disagree” to “strongly agree”

(Questions 7-10 in Appendix H).

4.3.2.10 Intention to Use the Interactive Volleyball CD-ROM

The last scale of the post-workshop questionnaire includes an intention to use the CD-
ROM assessment. Subjects were e'lsked to rank their intention to use the CD from "I will
certainly use it (1)" to "I will certainly NOT use it (7).” The Hebrew version of the scale
also included two questions regarding subjects' English level and whether they think it will
affect their decision to adopt the CD-ROM. The scale also includes an open question on
factors which may affect subjects' intention to use, or not to use the CD-ROM (See

Appendix I for the scale).
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4.3.2.11 Follow-up Scale

After a period of time (after 6 months in Calgary and 18 months in Israel), teachers
and coaches were requested to fill out the Follow-up scale. The later was especially
designed for studying whether subjects used the software, the purpose of utilization, the
overall evaluation of the software, and possible barriers encountered while using the CD-

ROM (see Appendix J).

4.4 Procedure

Subjects that agreed to participate in the study were asked to sign a consent form after
reading the cover letter (Appendices K and L). They were then provided with schedules and
invited to a workshop, which took place at the respective institutions in the target countries
(Canada and Israel) by the same person (the author of the present thesis work). The
duration of such a training session was approximately two hours. A schematic

representation of the Procedures of the present study is shown in Figure 4.1.
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A letter was sent to Volleyball Coaches and Phy. Ed. Teachers

v

Coaches and teachers were assigned to scheduled workshops

v
Subjects signed the cover letter and the consent form (Appendices K & L)

v

Subject filled out Questionnaire # 1:
‘General information’ (Appendix A), ‘Pattern of computer technology use’ (Appendix B),
‘Computer experience’ (Appendix C), ‘Stages of adoption of technology’ (Appendix D),

‘Computer attitude scale’ (Appendix E), ‘Computer technology for coaches and physical Workshop
education teachers’ (Appendix F) and *Generalized self-efficacy (Appendix G). session
(UofCor
¢ Zinman

A two-hour hands-on session was allowed within the Workshop

v

Subject filled out Questionnaire # 2:
“Perceived characteristics of the Interactive Volleyball CD-ROM (Appendix H),
and ‘Intention to use’ (Appendix I).

v

Participants received one copy each of the CD-ROM for their personal use

College)

After 6 mos. in Canada and 18 mos. in Isracl l

A letter/e-mail was sent to all subjects asking them to fill up a follow-up questionnaire

v

Subjects were asked to fill out Questionnaire # 3:
‘Stages of adoption of technology’ (Appendix D), ‘Computer attitude scale’ (Appendix E),
‘Computer technology for coaches and physical education teachers’ (Appendix F),
*Generalized self-efficacy (Appendix G), and ‘Follow-up scale’ (Appendix J).

y

Data Collection and Analyses

Figure 4.1. Schematic representation of the study procedure

Participants started by completing the first questionnaire. It included General

Information, Pattern of Computer Technology Use, Computer Experience, Stages of
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Adoption of Technology, Computer Attitude Scale, Computer Technology for Physical
education teachers and coaches and Generalized Self-Efficacy. This first pre-workshop
questionnaire was designed mainly to obtain demographic variables, information about the
subjects' innovativeness, previous experience, attitudes and self-efficacy.

Thereafter, subjects received a copy of the Volleyball Interactive CD-ROM. Each
coach/teacher was assigned to a computer. Subjects started the hands-on sessions. These
workshops included a short demonstration of the software and a hands-on teaching session
given by a volleyball coach. The session curriculum dealt with ways teachers and coaches
could use the software. At the end of the workshops, subjects were asked to complete the
second post-workshop questionnaire (Perceived Relative Advantage, Perceived
Complexity, and Intention to use).

Once completed, the testing session concluded. Teachers and coaches were instructed
to take the CD-ROM for their personal use.

After a period of 6 months (in Canada) or 18 months (in Israel), a letter or an E-mail
was sent to all the teachers and coaches who participated in the workshop requesting them
to fill out the follow-up questionnaire.

The follow-up questionnaire included the following scales: Stages of adoption of
technology, Computer attitude, Computer technology for physical education teachers and

coaches, Generalized self-efficacy and the Follow-up scale.
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4.5 Research Design and Data Analysis

This study was comprised of two parts. The first part was designed as a survey and as
such it was used to collect data by means of the questionnaires. The survey was designed to
answer questions regarding the characteristics and frequency of technology-related
implementation into coaching and teaching. The second part included several statistical
procedures, such as model fitness, a quasi-experimental design and a comparison between
the Israeli and Canadian samples.

The first phase of the data analysis included a description of the results from the 14
different scales. Thereafter, the study major variables were calculated. Correlations and
reliability tests were used to find the best way to describe the variable, wherever multiple
data was collected to describe a similar variable.

A structural equation modeling technique was used to test the goodness of fit between
the collected data and the modified model described previously in section 2.4. Other
aspects of the Diffusion of Innovation model were observed, while testing the study 28
hypotheses. Early Adopters were compared to Majority using a series of ome-way
independent t-tests and chi-square tests. The inﬂu;ence of time of the diffusion process was
studied using dependent t-tests and Pearson’s correlation coefficient that compared the data
collected in the pre-workshop questionnaire with the data collected 18 months later. The
hypothesis that Level of Expertise is related to Innovativeness was tested using Pearson’s
correlation coefficient. Finally, data collected in the pilot study on a Canadian sample was

compared to the data of the Israeli sample using t-tests.
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CHAPTER 5

THE PILOT STUDY

A pilot study was conducted in order to investigate the status of the diffusion of
computerized tools within the population of physical education teachers and coaches in
Canada. The purpose was to evaluate the overall experimental procedure, including scales
and measurements that were used as part of the actual study. This chapter includes the
descriptive analysis and results of the pilot study concerning these two goals.

It is important to mention that statistically it might be inappropriate to draw
conclusions based on the small sample size used for this pilot study (n=35). Furthermore,
the tests of normality carried out on several variables did not present a bell-shaped
Gaussian distribution suggesting that non-parametric tests should be used. However,
considering that the goals of the statistical analysis on the pilot data were only to survey the
population and to test the relevance of to-be-used procedures and variables within the
actual study, the present information was deemed particularly important for a transparent
set of inclusion-exclusion criteria. Therefore, it may occasionally seem to the reader, that
data may have been ignored and the chosen statistical procedure might not have been
appropriate because of violations of the normality assumption. However, such cases
sometimes fulfilled the goal of knowing more about factors which should be included in

posterior analyses.
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The pilot study was also used to assess a newly developed Interactive Volleyball CD-
ROM in real life, with a suitable target population (physical education teachers and
volleyball coaches). After briefly using the CD-ROM at the end of the workshop, teachers
and coaches were asked to provide feedback and suggestions.

In general, no major problems were reported in the operation of the CD-ROM. The
feedback from subjects included mainly suggestions for future development. For example,
they suggested more specific practice/lesson plans that could bc;, incorporated in the
application. They suggested adding seasonal planning tools and statistical information. The
most relevant of these suggestions regarding the CD-ROM were gathered, and in the future
will be integrated in the constrliction of a newer version of the CD-ROM.

The pilot study was completed at the University of Calgary. It followed the tools and
procedures described previously in sections 4.3 and 4.4. A letter was sent to about 50
teachers and coaches, and thirty-five of them volunteered to participate in the two-hour
workshop. Before the workshop started, after signing the consent form, subjects were asked
to fill out a pre-workshop questionnaire that included seven different scales (see
Appendixes A - G). Thereafter, the workshop was composed of a demonstration of the CD-
ROM by a volleyball expert, followed by a practice session with the CD-ROM under the
supervision of computer experts. At the end of the workshop, subjects- were asked to
complete the post-workshop questionnaires (see Appendixes E°, H and I). All participants

in the workshop were given a copy of the Interactive Volleyball CD-ROM for personal use.

> This Computer Attitude Scale was administrated to subjects in the post-workshop questionnaire only in the
Pilot study.



Modified diffusion of an innovation model in volleyball 82

Six months later, subjects were contacted and asked to fill out another questionnaire (the
Follow-up questionnaire, see Appendices D, E, F, G and J).

The data collected in these three questionnaires was entered into MS-Excel
workbooks (Office, Microsoft Inc., USA), and analyzed using MS-Excel function tools and
SPSS (SPPS Inc., USA). The following three major sections of chapter 5 correspond with
the goals of the pilot study, namely: Presentation of the survey data (5.1), Description of

the external variables (5.2), and Evaluation of the procedures and tools (5.3).

5.1 The Survey

The first goal of the pilot study was to explore the status of computer applications
with physical education teachers and coaches in Alberta, Canada. The descriptive statistic
of the different variables is reported in the next sub-sections (5.1.1-5.1.7 pre-workshoﬁ
questionnaire, 5.1.8-5.1.10 post-workshop questionnaire and 5.1.11-5.1.15 follow-up

questionnaire), presented by the order of scales given to the subjects.

5.1.1 Scale # 1: General Information (Pre-workshop Questionnaire)

The present sub-section (5.1.1) shows descriptive statistics of the data collected using
the General Information Form administrated to the subjects within the pre-workshop
questionnaire. The scale includes demographic data as well as teaching/coaching

background information.
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Table 5.1

Descriptive Statistics from the General Information Form Completed by Subjects Prior to
the Workshop

Q# Variable Sample Composition

6 |Age Mean = 35 years
SD = 8.19 years
Range = 28 years (from 23 to 51)

7 | Gender Men = 57% (20/35)
Women = 43% (15/35)

8 | Educational Level Bachelor Degree: 97%. (34/35) -
Attained Coaching Certificate: 63% (22/35)
Coaching Levels:

Level 1: 59% (13/22)

Level 2: 27% (6/22)

Level 3: 14% (3/22)

Level 4: 0%
Master Degree: 6% (2/35)
Doctorate Degree: 0%

9 | Profession Teachers: 91% (32/35)
Phys. Ed. Teachers: 60% (21/35),
66% of the total number of
teachers (21/32)
Other teachers: 34% (12/35), 38% of
the total number of teachers
(12/32)
Coaches: 86% (30/35)
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Elementary School Coach: 0%

JH. School Coach: 23% (8/35), 27%
of the total number of coaches
(8/30)

H. School Coach: 77% (27/35), 90%
of the total coaches (27/30)

College Coach: 0%

University Coach: 0%

Other (clubs, provincial, regional):
11% (4/35), 13% of the total
number of coaches (27/30)

Other professions: 3% (Engineer) (1/35)

10 | Total No. of Years Mean = 9.83 years
Teaching/Coaching | SD.=7.79 years
Volleyball Range = 24 years (from 2 to 26)
11 | Teaching/Coaching | Yes: 83% (29/35)
Other Sports No: 17% (6/35)
13 | Age of Population Children, 6-12 years old: 43% (15/35)
Teaching/Coaching | Adolescents, 13-17 years old: 100% (35/35)
Mature Athletes, 18-30 years old: 31% (11/35)
Mid-Ages, 31-40 years old: 11% (4/35)
Seniors, 41-63 years old: 6% (2/35)
Elderly, 64 years old on: 0%
14 | Average No. of Mean = 3.01 plans

Volleyball

Practice/Lesson

SD = 0.93 plans
Range = 4 plans (from 1 to 5)
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Plans Written
Weekly (during the

season)

15 | Time spent

preparing a

(see also Figure 5.1)

Not at all: 11 % (4/35)

Less than 1 hour: 9% (3/35)
Practice/Lesson plan | 1-2 hours: 80% (28/35)

2-4 hours: 0%

More than 5 hours: 0%

Not at all
(11%)

Less than
1h.
(9%)

1-2 Hours
(80%)

Figure 5.1. Distribution of time spent to prepare a practice/lesson plan

16 | Availability of Coaching | Yes: 51% (18/35)
Assistance No: 49% (17/35)
17 | Factors that Affect the An advertisement in the media: 11% (4/35)

Decision to Select a

Computer Software

A colleague recommendation: 57% (20/35)
Availability of software: 63% (22/35)
District policies and procedures: 9% (3/35)

Other (ease of use, cost, easy access to help,
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quality, notice sent to our school, and
more): 29% (10/35)

From the demographic variables, it may be noticed that the sample chosen for the
pilot study was quite diverse in the Age variable (23-51 years old). Similarly,
teaching/coaching Volleyball experience varied from 2 to 26 years of experience.

Most of the subjects (97%) had a Bachelor’s degree, and 63% had a coaching
certificate. Two subjects had a Master’s degree and none held a Ph.D.

Ninety-one percent of the sample officially worked as teachers, and 86% worked as
coaches, suggesting that many of the subjects were physical education teachers while
coaching at the same time. Taking into consideration that only 63% of the sample had a
coaching certificate, while 86% actually reported being engaged in coaching activities, it
may be concluded that some may coach sports without a certificate.

The majority of the subjects taught or coached at high-school level (77%) and 23% at
junior-high. When asked about the age of the target populations they coéched/taught, it was
found that all subjects (100%) coached or taught adolescents (13-17 years old), 43% -
children (6-12 years old), 31% - adult athletes (18-30 years old), 11% - mid-ages (31-40
years old) and 6% - senior citizens (41-63 years old).

One of the main assumed advantages of the Interactive Volleyball CD-ROM is the
reduction of the time needed for creating and managing practice/lesson plans. Therefore,
subjects we.re specifically asked about the average number of practice/lesson plans they

wrote weekly. The average number was found to be about 3 (3.01) plans a week. When
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they were asked about the average time spent writing one plan, 80% of them reported 1-2
hours. Thus, it may be conclude that on average, a teacher or a coach spends 4.5 hours (1.5
h. times 3 plans) writing practice/lesson plans weekly. Using the CD-ROM may help to
save time by allowing the users to choose existing drills from the database and to use the
same plans over and over again.

The last question inquired about factors that had the most affect on the subjects’
decision in selecting computer software. This was asked to determine and plan a more
appropriate marketing strategy for distributing s;;ort—related applications. The results show
that 63% were affected mostly by the availability of the software, 57% by a colleague's
recommendation, and only 11% by an advertisement. Therefore, it may be suggested that
marketing money for such a software might be better spen? by disseminating the name and
knowledge of the software among peers rather than by placing advertisements.

Finally, subjects also mentioned other factors that may affect their decisions. Among
these additional factors, easy to operate, easy help access, quality, and cost are the most

important.

5.1.2 Scale # 2: Patterns of Computer Technelogy Use (Pre-workshop
Questionnaire)

The second scale that subjects were asked to complete before the workshop, was
aimed at gathering information about individual computer use patterns. In addition to the
questions on the form, four variables were calculated: number of years that subjects used a

computer for daily tasks, the number of years that subjects used a computer for professional



Modified diffusion of an innovation model in volleyball 88

taéks, the age at which subjects started to use a computer, and the age at which subjects
started to use a computer for professional tasks.

The first two were calculated by subtracting the year the subjects started to use
computers, or started to use computers for professional use, from the current year (i.e.,
2000 — the year the questionnaires were completed). The other two variables were
calculated by subtracting the results of these two new variables from the subject’s age. The

descriptive results of the scale are presented in Table 5.2.

Table 5.2

Descriptive Statistics from the Patterns of Computer Technology Use Form Completed by
Subjects Prior to the Workshop

Q# Variable Sample Coemposition

1 The first year a 1980: 6% (2/35)
computer was used | 1984: 6% (2/35)
for personal tasks | 1985: 11% (4/35)
(see also Figures 1986: 3% (1/35)
53&54) 1988: 11% (4/35)
1989: 11% (4/35)
1990: 23% (8/35)
1992: 9% (3/35)
1994: 3% (1/35)
1997: 3% (1/35)
1998: 9% (3/35)
Not yet: 6% (2/35)
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New No. of years of Mean: 10.82

(Caleulated) | yging the computer | SD: 4.52
for personal tasks | Range: 18 (from 2 to 20)
(Excluding missing '
data) (see also
Figure 5.11)

New Age first used Mean: 24.70

(Caleulated) | computer for SD: 8.23
personal tasks (see | Range: 28 (from 14 to 42)
also Figure 5.13)

2 The first year a 1984: 3% (1/35)

computer was used
for professional
tasks (see also
Figure 5.5 & 5.6)

1985: 6% (2/35)
1987: 3% (1/35)
1988: 3% (1/35)
1989: 3% (1/35)
1993: 9% (3/35)
1994: 11% (4/35)
1995: 11% (4/35)
1996: 6% (2/35)
1997: 6% (2/35)
1998: 9% (3/35)
1999: 9% (3/35)

Not yet: 23% (8/35)
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New No. of years of Mean: 6.30
(Caleulated) | yg5ing the computer | SD: 4.50
for professional Range: 15 (from 1 to 16)
tasks (Excluding
missing data) (see
also Figure 5.12)
New Age first used Mean: 28.33
(Caleulated) | computers for SD: 6.77
professional tasks | Range: 26 (from 17 to 43)
(see also Figure
5.14)
3 The first year a 1980: 3% (1/35)
computer was 1981: 3% (1/35)
bought for personal | 1982: 6% (2/35)
use (see also 1985: 9% (3/35)
Figures 5.7 and 1989: 3% (1/35)
5.8) 1990: 11% (4/35)
1994: 11% (4/35)
1995: 3% (1/35)
1996: 14% (5/35)
1997: 11% (4/35)
1998: 9% (3/35)
1999: 6% (2/35)
2000: 6% (2/35)

Not yet: 6% (2/35)
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4 The first year a 1976: 3% (1/35)
computer was 1984: 3% (1/35)
bought for 1990: 9% (3/35)
professional 1993: 3% (1/35)
(teaching/coaching) | 1994: 9% (3/35)
tasks (see also 1995: 3% (1/35)
Figures 5.9 and 1996: 14% (5/35)
5.10) 1997: 6% (2/35)

1998: 6% (2/35)
1999: 6% (2/35)
2000: 3% (1/35)
Not yet: 37% (13/35)

D No. of computers None: 20% (7/35).
owned (see also 1 computer: 37% (13/35)
Figure 5.2) 2 computers: 20% (7/35)

3 computers: 11% (4/35)
4 computers: 11% (4/35)

4
computers:—_
4 \
\
v \
3 ,, computers:
computers:—

Figure 5.2. Distribution of the number of computers owned
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Accessto a Yes: 77% (27/35)
computer for Sometimes: 17% (16/35)
personal use No: 6% (2/35)

Access to Yes: 63% (22/35)
computers, Sometimes: 26% (9/35)
software and

needed equipment
for
teaching/coaching

tasks

No: 11% (4/35)

Satisfaction from
computer-related
teaching/coaching

tasks support

Very satisfied (+2): 9% (3/35)
Satisfied (+1): 37% (13/35)
Neutral (0): 26% (9/35)
Unsatisfied (-1): 29% (10/35)
Very unsatisfied (-2): 0%

Mean: 0.26
SD: 0.98
Range: 3 (from -1, Unsatisfied to +2, Very satisfied)

Satisfaction from
the training
available to you for
computer-related
teaching/coaching

tasks

Very satisfied (+2): 9% (3/35)
Satisfied (+1): 31% (11/35)
Neutral (0): 26% (9/35)
Unsatisfied (-1): 34% (12/35) -
Very unsatisfied (-2): 0%

Mean: 0.14
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SD: 1.00
Range: 3 (from -1, Unsatisfied to +2, Very satisfied)

10 Acquisition of Self taught: 57% (20/35)
initial computer Formal course: 46% (16/35)
skills From a peer: 54% (19/35)
From a player/student: 3% (1/35)
From support staff: 17% (6/35)
Other (parent): 3% (1/35)
11 Range of computer | Self-teaching: 86% (30/35)
knowledge and Formal course: 26% (9/35)
skills are primarily | | Peer teaching and support: 43% (15/35)
the result of: Support staff assistant: 11% (4/35)
Other (university, husband): 6% (2/35)
12 No. of hours spent | Less than 1 hour: 6% (2/35)
weekly using a 1 to 3 hours: 20% (7/35)
computer 3 to 5 hours: 34% (12/35)
More than 5 hours: 40% (14/35)
13 No. of hours spent | Less than 1 hour: 40% (14/35)
weekly using the 1 to 3 hours: 23% (8/35)
Internet 3 to 5 hours: 23% (8/35)
More than 5 hours: 14% (5/35)
14 Experience with Very Experienced: 17% (6/35)
computer Good: 43% (15/35)
technologies Fair: 31% (11/35)

Poor: 9% (3/35)
None: 0%




Modified diffusion of an innovation model in volleyball 94

15 Participation in Yes: 83% (29/35)
courses/workshops | No: 17% (6/35)
for using computer
technologies
16 Typing skills Non-existent: 3% (1/35)
Poor: 11% (4/35)
Good: 74% (26/35)
Excellent: 11% (4/35)
17 Methods used to Computer magazines or journals: 11% (4/35)
update knowledge | Computer courses: 37% (13/35)
about educational | User groups: 20% (7/35)
uses of computers | Workshops: 83% (29/35)
Other (Peer instruction, Self-Teaching using the Internet,
Practice): 14% (5/35)
18 Experience with Yes, quite a few : 17% (6/35)

other computer-
based instruction

software

Yes, only one or two: 46% (16/35)
No: 31% (11/35)
Missing Answer: 6% (2/31)

The purpose of the scale was to learn about ways physical education teachers and

coaches use computer technology. The first question related to the first year of usage. This

variable was later applied to calculate subjects’ innovativeness (i.e., how early they started

using computers). Similarly, they were asked about professional uses concerning their

teaching or coaching tasks and their professional innovativeness was also estimated. This
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procedure was used to learn about the time gap between adopting a technology for daily
uses and adopting it for work related purposes, is discuss later.

Subjects were also questioned about when they bought their first computer for
personal and professional tasks. Only two subjects never bought computers for personal use
while 13 (37%) never acquired computers for work related purposes. However, these
results should be viewed with caution because it was noticed from the responses that
subjects, in many cases, bought computers for family members (mainly children) and not
for personal use in the sense meant within the present context.

Several questions were designed to learn about the availability of traini1-1g in basic
computer skills, availability of computer hardware, and feasibility of related technical
support. All three are important factors that determine the success of the adoption of any
technology (even the most attractive software is unlikely to be used by teachers and
coaches without appropriate hardware, training, and support). The results of this part of the
study showed that only 63% had access for their professional task goals, while 77% of the
subjects had access to computers for personal tasks. Forty-six (9%+37%) percent of
subjects believed that the support received at the time of the study for coaching and
teaching computer-related tasks was satisfactory or very satisfactory, while 29% were not
satisfied. A similar trend was observed in reply to the question about training satisfaction.
This information is important to educational leaders, who would like to distribute
technology into schools and clu.bs. That is, they should take into consideration that one-
third of users might not be fully satisfied with the support and training on infgrmation

technologies.
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Subjects were also asked about ways they acquired initial computer skills. The most
common replies were: self-taught (57%), via peers (54%), and through formal courses
(46%). It stems from the data that a combination of more than one method is chosen as a
mean for acquiring computer skills. When asked: “Overall, your range of computer

b

knowledge and skills are primarily the result of...,” a 86% reported that mainiy self-
teaching is the way they acquired computer skills, which suggests that life-long learning
skills are véry important for keeping updated with computer knowledge. Again, this might
have an impact on the way applications are designed.

Subjects were also asked about the number of hours they spent (on average) per week
on a computer. Forty percent reported that they used the computer more than five hours a
week. When asked about amount of time spent per week using the Internet, a substantial
number of individuals (40%) suggested that they used it for less than an hour. Therefore, it
may be concluded that the subjects were using computers for assignments other than
surfing the Internet.

In Question 14, subjects were asked to rate their experience with computer
technologies, on a 5-point Likert scale. The results of this question were later used to obtain
the subjects level of expertise in using computers. It should be noted that all subjects
reported having some sort of computer experience. Nine percent reported they had poor
experience, 31% believed their experience was fair, 43% that it was good, and 17% thought
they were very experienced in using computers.

Some of the results can be better seen in a graphical format. Figures 5.3 and 5.4 show

the distributions of the answers to the first question: “In which year did you first use a
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computer for your personal tasks?.” Figure 5.3 presents a typical histogram, while Figure
5.4 demonstrates the accumulative frequency of the same results. This representation of the
data is with accordance to the Diffusion of Innovations model (Rogers, 1995), which
suggests that the resulting distribution has an S-shape, when the accumulative sum of the
number of individuals adopting a new idea is plotted over time. Even though the pilot study
was based on a relatively small number of subjects (n=35), the overall shape of the curve

can be observed in most of the graphs.

Frequency
N Wb OO0 N 00 ©

1904 [

1995
1996
1999
2000

Notyet =] :

Figure 5.3. Frequency distribution of the year subjects started to use computer for personal
tasks.
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Figure 5.4. Cumulative frequency of the year subjects started to use computer for personal
tasks.

Similarly, Figures 5.5 and 5.6 present the distributions of the answers to the second
question: “In which year did you first use a computer for professional teaching/coaching

tasks?”
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Figure 5.5. Frequency distribution of the year subjects started to use computer for
professional tasks.
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Figure 5.6. Cumulative frequency of the year subjects started to use computer for
professional tasks.
The answers for questions # 3 (the first year a computer was bought for personal use)

and # 4 (the same for professional tasks) are represented in Figures 5.7, 5.8, 5.9 and 5.10.
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Figure 5.7. Frequency distribution of the year subjects bought their first computer for
home/personal use.
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Figure 5.8. Cumulative frequency of the year subjects bought their first computer for
home/personal use.
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Figure 5.9. Frequency distribution of the year subjects bought their first computer for
professional use.
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Figure 5.10. Cumulative frequency of the year subjects bought their first computer for
professional use.

As mentioned previously, four additional variables have been calculated from the
data. Figures 5.11 and 5.12 show the distributions of the number of years subjects used the
computer personally and professionally, while Figures 5.13 and 5.14 the distribution of the

subjects’ age when they started to use computers for personal and professional uses.
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Figure 5.11. Frequency distribution of the number of years subjects used computers for
personal tasks.
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Figure 5.12. Frequency distribution of the number of years subjects used computers for
professional tasks.
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Figure 5.13. Frequency distribution of the age in which subjects first used computers.
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Figure 5.14. Frequency distribution of the age in which subjects first usedicoiﬁputers for
professional tasks.

As is evident from the results presented in this section, some of the data collected
using the Patterns of Computer Technology Use .Scale is based on the time dimension.
Time is one of the important variables of the Diffusion of Innovations Model (Rogers,
1995). While in other behavioral sciences the time dimension is ignored, Rogers (1995)
believes that the “inclusion of time as a variable in diffusion résearch is one of its
strengths™ (p. 20). However, it should be taken into consideration that subjects may not
recall details precisely. Asking subjects to recall different dates from their past might also
be one of the method’s weak points, as their recall may be limited by their memory

abilities.

The next scale, Computer Experience, was also designed to collect information using

the time dimension. This scale is the basis for calculating the innovativeness and the level
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of expertise variables which is used in the actual study to test the fitness of the proposed

model.

5.1.3 Scale # 3: Computer Experience (Pre-workshop Questionnaire)

The third form completed by subjects prior to the workshop included a list of 46
examples of computer software and tools under six different categories. They were asked to
state (1) their current level of expertise (None (0), A little (1), Fair (2), Substantial (3) or
Extensive (4)), (2) the year in which they first used this software/tool (if ever) and (3) the
year they first used this software/tool (if ever) for teaching/coaching related tasks. The
results from this scale were used to determine the adoption level of the different technology
tools.

The following figures (5.15-5.24) show the distribution curves of selected
computerized tools: windows operating systems, word processing, spreadsheets, e-mail,

and the Internet.
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Figure 5.15. Frequency distribution of subjects along the year they first started to use the
Windows 95, 98 Operating System.
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Figure 5.16. Cumulative frequency of the number of subjects along the year they first
started to use the Windows 95, 98 Operating System.
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Word Processing
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Figure 5.17. Frequency distribution of subjects along the year they first started to use word
processing
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Figure 5.18. Cumulative frequency of the number of subjects along the year they first
started to use word processing.
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Spreadsheets
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Figure 5.19. Frequency distribution of subjects along the year they first st;ted to use
spreadsheets.
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Figure 5.20. Cumulative frequency of the number of subjects along the year they first
started to use spreadsheets.
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Figure 5. 21 Frequency distribution of subjects along the year they first started to use
electronic mail.
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Figure 5. 22 Cumulative frequency of the number of subjects along the year they first
started to use electronic mail.
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Figure 5.23. Frequency distribution of subjects along the year they first started to use the
Internet.
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Figure 5.24. Cumulative sum of the number of subjects along the year they first started to
use the Internet.

Table 5.3 was designed in order to better learn about the different computer tools and
applications mentioned in the scale. The table presents all the tools and applications

mentioned, with their cumulative percentage of adoption for personal and professional uses



Modified diffusion of an innovation model in volleyball 110

at the time the information was gathered (August, 2000). The table is sorted by the

cumulative percentage of adoption of personal tasks.

Table 5.3

Summary of the Cumulative Percentage of Adoption for Personal and Professional Uses,
August, 2000

"Cumulative percentage of adoption
Professional

Computer Tool/Application Personal tasks tasks
Word-processing 94.29% Laggards 77.14%
World Wide Web browsing, gy
searching 94.29% 62.86%
Win 95, 98 91.43% 4 65.71%
Electronic mail 88.57% Laggards 54.29%
Spreadsheets 82.86% L.M. 54.29%
Grading package 80.00% 1 57.14%
Graphics program 77.14% 54.29%
Surfing the Internet 74.29% 54.29%
Macintosh 71.43% 45.71%
Apple 60.00% 11.43%
On-line video, audio 60.00% 25.71%
Database 57.14% 37.14%
Charting-graphing 54.29% " 20.00%
On-line databases 54.29% 20.00%
PC-DOS 51.43% 4 11.43%
Presentation package 51.43% L.M. 34.29%
Win 3.x, NT 48.57% E.M. 22.86%
FTP 45.71% i) 17.14%
Tutorials 37.14% 28.57%
Games 37.14% 17.14%
Desktop publishing - 34.29% 20.00%
Newsgroups 31.43% 5.71%
WWW page creation/editing 31.43% 8.57%
Drill & Practice 31.43% 28.57%
Programming language experience 29.41% 2.86%
Authoring 28.57% 11.43%

Listservs, BBS 20.00% 5.71%




Modified diffusion of an innovation model in volleyball 111

Time and Scheduling software 20.00% 4 20.00%
Videodisk 17.14% E.M. 5.71%
Gopher 14.29% E.A. 2.86%
Statistics package 14.29% i 5.71%
Simulations 11.43% 5.71%
Designing and Creating

practice/lesson plans software 11.43% 8.57%
Virtual Reality 11.43% 0.00%
UNIX 8.57% 0.00%
Measurements of performance

related software 8.57% 2.86%
Game analysis related software 8.57% 5.71%
Integrated Learning System 5.71% 0 2.86%
Sun 2.86% E.A. 0.00%
Robotics 0.00% Innovators 0.00%

One of the conclusions from the table is that only four tools and applications (Word-
processing, World Wide Web browsing and searching, Windgws 95, 98 and Electronic
Mail) are adopted by the majority, and starting to diffuse 'and be used by subjects that are
considered to be Laggards. On the other hand, tools and applications, which are used only
by less than 16% of the population (Statistics, Simulations, Virtual Reality), are probably
used only by those subjects, which are considered Early Adopters and Innovators only.

It can also be seen that there is an adoption fime-gap between personal and
professional tasks. The cumulative percentage of adoption for the former is always higher
than for professional ones. That is, teachers and coaches tend to develop a level of personal
expertise with a particular technology before attempting to integrate it into their profession.
This phenomenon is similar to that found by Jacobsen (1998) concerning the decade
between the adoption of the computer for professional and research tasks and adoption for

teaching tasks by university faculty. This time-gap can also be seen in the following figure
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(5.25) where the cumulative percentage of the subjects that adopted computers for personal

and professional tasks is plotted over time.
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Figure 5.25. Cumulative percentage of the number of subjects along the year they first
started to use any computer application for personal and professional tasks.

The Computer Experience Scale was also used to calculate external variables used in
the proposed model. /nnovativeness, a major factor in the diffusion of innovations model
(Rogers, 1995), was obtained by finding the first year a computer application was used by
each subject. Professional Innovativeness was calculated similarly, using the first time a
subject used an application professionally. Level of Expertise was calculated by summing
up the level of expertise of each coach/teacher (from none (0) to extensive (4)) in all the
different tools and applications mentioned in the scale.

As already mentioned, the 46 items were divided into six categories: Operating

Systems, Tool Application, Communication Software, Software and Tools,
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Teaching/coaching Related Software, and Variety. The last item in each category was
always an open question asking the subject to note any other tool, and the specific category
was not mentioned. In five of the six open categories, no other tool was recorded; therefore,
the level of expertise has been calculated using a total of 41 items. The mean level of
expertise was 37.49 with standard deviation of 22.55. The range of the results was 98 (8 to
106) out of maximum possible range of 164 (0 to 41*4).

The proposed model suggests that these two variables (Innovativeness and Level of
Expertise) are among the external variables which may affect the decision whether or not to
adopt an innovation. Elaboration on these two external variables, and others, wili take place

in section 5.2.

5.1.4 Scale # 4: Stages of Adoption of Technology (Pre-workshop Questionnaire)

Another scale that measured the level of technology adoption was used. On the Stages
of Adoption of Technology Scale, subjects indicated the stage that best described their level
of technology adoption out of six possible stages, each described in the scale (see Appendix
D). One of the reasons for this scale was to validate some of the specifically developed
scales used in the study. This, however, was done only with the actual study data.

The mean response for the perceived stage of adoption of technology was 4.56 with a
standard deviation of 1.33. Only one subject perceived their adoption stage to be at the first
stage (i.e., 3% of the sample). T-wo subjects (6%) considered themselves in Stage # 2, four
(11%) in Stage # 3, six (17%) in Stage # 4, twelve (34%) in Stage # 5, and nine (26%) in

Stage # 6. The distribution of the subjects at the different stages is presented in Figure 5.26.
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Stage 5

Figure 5.26. Distribution of the perceived stage of technology adoption.

5.1.5 Scale # 5: Computer Attitude Scale (Pre-workshop Questionnaire)
The Computer Attitude Scale was made up of four different sub-scales: Anxiety,

Confidence, Liking, and Usefulness. Each factor was calculated as a sum of 10 items. Table

5.4 shows the statistics of the different factors.

Table 5.4

Description Statistics of the Computer Attitude Sub-Scales Collected with the Pre-
Workshop Questionnaire

Factor Statistics of the sample
Anxiety Mean: 44.14
(10 items) Standard Deviation: 5.15
Range: 22 (from 28 to 50)
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Confidence Mean: 41.23
(10 items) Standard Deviation: 4.99

Range: 24 (from 26 to 50)

Liking Mean: 38.51
(10 items) Standard Deviation: 5.45
Range: 25 (from 25 to 50)

Usefulness Mean: 43.97
(10 items) Standard Deviation: 3.66

Range: 13 (from 37 to 50)

5.1.6 Scale # 6: Computer Technology for Physical education teachers and
coaches (Pre-workshop Questionnaire)

A newly developed scale was used to gather ‘information specifically on the attitude
of the physical education teachers and coaches towards the use of technology in sport and
physical education. The scale was made-up of 3 parts: 1) General attitude, 2) Attitude
towards specific teaching/coaching tools, and 3) Open questions. The results of the first two
scales are presented in Table 5.5. The qualitative data collected by the open questions is

described thereafter.
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Table 5.5

Descriptive Statistics of Variables Collected with the Corhputer Technology for Physical
education teachers and coaches Scale (Pre-Workshop Questionnaire)

Factor Statistics of the sample

General Attitude Mean: 49.34
(12 items) Standard Deviation: 4.25

Range: 15 (41 to 56)

Attitude towards Mean: 51.63
Teaching/coaching | Standard Deviation: 5.39

Tools (12 items) | pange: 20 (40 TO 60)

The purpose of the open questions was to shed more light on the computer
applications and tools that physical education teachers and coaches use for carrying out
their job-related tasks. Subjects were to list computer tools they currently used for fulfilling
teaching or coaching tasks. The most common reply was word processing, which was
claimed by sixteen subjects (43%). Twelve subjects (34%) indicated the use of the Internet,
nine subjects (26%) used grading and marking applications, and eight (23%) were using
spreadsheet software. Other applications reported, but less commonly so, were: e-mails,
databases, presentation software, and games.

In the following question, subjects were asked if they would like to use computer
tools and applications in filling their teaching/coaching tasks. The majority (34 subjects,
1.e., 97%) of the sample was affirmative. The most common explanation for the reason was:
easy accesé to information, time-saver, visual aid for demonstration, organizational

possibilities, and the recognition that we are in the technology revolution period. When
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asked about tools and applications they would like to use, ten subjects mentioned data-bank
of drills and skills. Other suggestions were: lesson/practice plans, schedule making,
coaching ideas, motion analysis, simulation, and game statistics. It is important to notice
that seven subjects replied that they could not answer the question as they believed they did
not have enough knowledge in the area. Furthermore, they explained that they came to the

workshop in order to learn more about the possibilities in the area.

5.1.7 Scale # 7: Generalized Self-efficacy (Pre-workshop Questionnaire)

Ten items were used to measure the subjects’ generalized self-efficacy. The scale was
taken, with permission, from S;:hwarzer and Jerusalem (1995). The score of the scale was
calculated by adding up the ten items. The mean of the s_ample generalized self-efficacy
was 31.37 with a standard deviation of 5.20. The results ranged from low of 21 to max of
40 (out of a possible score of 40 which describes a person with a very high generalized self-

efficacy).

Once the seven scales of the pre-workshop questionnaire were concluded, subjects
participated in the workshop and were introduced to the Interactive Volleyball CD-ROM.
At the end of the workshop, they completed the post-workshop questionnaire. The data of
the three scales of the post-workshop questionnaire is presented in sub-sections 5.1.8-

5.1.10.
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5.1.8 Scale # 8: Perceived Characteristics of the Interactive Volleyball CD-ROM
(Post-workshop Questionnaire)

On the first form of the post-workshop questionnaire, subjects were to evaluate the
Interactive Volleyball CD-ROM on ten different items using a seven-point Likert scale
(ranging. from “strongly disagree” to “strongly agree”). The scale was made up of two sub-
scales: The Perceived Relative Advantage (items 1-6) and the Perceived Complexity (items
7-10). The results are presented in Table 5.6. It is apparent that, on average, subjects
considered the CD-ROM to have a relative advantage compared to other, more traditional
methods (mean score of 36.06 out of 42 maximum score) and that the CD-ROM was easy

to operate (mean score of 24.64 out of 28 maximum score).

Table 5.6

Descriptive Statistics of the Variables Collected by the Perceived Characteristics of the
Interactive Volleyball CD-ROM Scale (Post-Workshop Questionnaire)

Factor ‘ Statistics of the sample

Perceived Relative Advantage Mean: 36.06
Standard Deviation: 4.44

Range: 13 (from 29 10 42)

Perceived Complexity Mean: 24.64
Standard Deviation: 3.49

Range: 12 (from 16 to 28)
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5.1.9 Scale # 9: Computer Attitude Scale (Post-workshop Questionnaire)

Subjects completed the same Computer Attitude Scale they had before, after the
workshop was over. The reason was to test if practice with a relatively easy-to-use
computerized tool might change individuals' attitude towards computers, especially of those
who had not used computers extensively before. These assumptions were rejected
(discussed in section 5.3.1) and, therefore, the Computer Attitude Scale was not included in
the post-workshop questionnaire of the actual study. Table 5.7 shows the descriptive

statistics of the attitude variables collected at the post-workshop.

Table 5.7

Descriptive Statistics of the Attitude Variables Collected by the Computer Attitude Scale
(Post-Workshop Questionnaire)

Factor Statistics of the sample

Anxiety Mean: 44.15
Standard Deviation: 4.76

Range: 18 (from 32 to 50)

Confidence Mean: 41.52
Standard Deviation: 5.61

Range: 20 (from 30 to 50)

Liking Mean: 39.52
Standard Deviation: 5.52
‘| Range: 23 (from 27 {0 50)

Usefulness Mean: 43.39
Standard Deviation: 4.38

Range: 18 (from 32 to 50)
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5.1.10 Scale # 10: Intention to Use the Interactive Volleyball CD-ROM (Post-
workshop Questionnaire)

In the final scale of the post-workshop questionnaire, subjects were to rank their
intention to actually take and use the Interactive Volleyball CD-ROM for their
teaching/coaching tasks. This was measured using a 7-point Likert scale (ranging from 1="1
will certainty use it” to 7="1 will certainty NOT use it”). The average score of the scale was
1.48 with a standard deviation of 0.67. The results ranged only from | to 3. All subjects
believed that they would use the CD-ROM. Sixty-one percent said they would certainly use
it, 30% were a little bit less sure (2) that they would use it, and another 9%, even-though
they thought they would use it, were not as sure (3). The distribution of the replies can be

observed in Figure 5.27.

p

(30%)

Figure 5.27. Distribution of the intention to use the Interactive Volleyball CD-ROM.
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Subjects were to explain “the reason they chose the previously described option as an
open answer. The most common responses were: time saver (29% of the sample),
friendliness and easy operation (26%), source of information for drills and coaching tips

(26%), video and visual demonstration (23%), and organization features (11%).

The following five scales (sections 5.1.11-5.1.15) were sent to subjects approximately
six months after the workshop. The follow-up questionnaire gathered data using the scales:
Follow-up, Computer Attitude, Generalized Self-efficacy, Stages of Technology Adoption,
and Computer Technology for Physical education teachers and coaches. The response rate

was about 66% (23/35).

5.1.11 Scale # 11: Follow-Up Scale (Follow-up Questionnaire)

The main propose of the follow-up scale was to learn about the adoption process of an
innovation. In addition, information about the pattern of usage of the Tnteractive Volleyball
CD-ROM, as well as any changes in users’ attitude that may be associated with it, was
collected. In the first question, subjects were to choose if they never used the CD-ROM (0),
used it for few times (1), used it many times (2) or used it on a regular basis (3). The

distribution of the responses is presented in Figure 5.28.
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Figure 5.28. Distribution of the responses for the frequency use of the Interactive
Volleyball CD-ROM, when the missing data is included.

When excluding the missing data the results indicate that 4% of the reported data (one
subject) never used the CD-ROM. The majority of the subjects (13) used the CD-ROM few
times, while seven subjects used it many times, and two on a regular basis. These results

are presented in the Figure 5.29.

On a Regular Never .
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30%
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Figure 5.29. Distribution of the responses for the frequency use of the Interactive
Volleyball CD-ROM, when the missing data is excluded.
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In the second question, subjects stated the type of work they did with the CD-ROM.
They were to check any of the following options: reading and watching the educational
content, looking for drills, modifying and creating new drills, creating lesson/practice plans,
or using it in the gym with their students. They could also add any other uses. The results
show that 11 subjects used to CD-ROM to read and watch the educational content, 22
looked for drills; nine used it to modify or create new drills, while 14 used it to create
lesson/practice plans. Additionally, three coaches/teachers used the CD-ROM in the gym,
to present its content to their students. Two subjects reported on a usage that was not listed
on the form. They used the CD;ROM to share information with other coaches in the school.

Questions 3 and 4 were designed to shed more light on ways the CD-ROM was used.
Subjects were to report the number of new drills (Question 3) and the number of
practice/lesson plans they had added to the databases (Question 4). Six subjects reported on
saving new drills to the drills database. The numbers of new drills reported were: 1, 5, 6,
11, 197, and 200. This is somewhat different from the number of subjects that reported
using the CD-ROM for creating new drills (9 subjects on Question 2). One explanation
(that was given by one of the subjects) is that drills were created using the CD-ROM and
were printed out, but were not saved for future use. Ten subjects reported a number of
practice/lesson plans added to the database. The number of new practice/lesson plans
created with the CD-ROM ranged from 1 to 23.

The next five questions (5 to 9) addressed information about the overall impression

subjects had about the CD-ROM. The five topics were: usefulness, designing, problems,
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relevance to teaching/coaching tasks, and effectiveness/efficiency compared to other
methods. The questions were presented on a 5-point Likert scale ranging from Strongly
Agree (+2) to Strongly Disagree (-2). The results of the five questions are presented in
Table 5.8 where they are ordered by the total score calculated by summing up the

multiplication of the number of subjects in each category by the category constant.

Table 5.8

Descriptive Statistics of the Follow-up Scale (Follow-up Questionnaire)

Topic Strongly | Agree | Neutral | Disagree | Strongly n Total
Agree Disagree Score
2) 1) ()] (@) (-2)
Designing 4 18 1 0 0 23 26
Usefulness 6 12 5 0 0 23 24
Relevance 4 15 4 0 0 23 23
Bugs 3 13 3 4 1 23 13
Effectiveness/ 2 12 5 4 0 23 12
Efficiency

All the topics in the scale had a positive score, suggesting that overall, subjects
believed the CD-ROM was good for all topics mentioned. The strongest point of the CD-
ROM, according to subjects, is its design. Four subjects (15%) strongly agreed that it was
very well designed. An additional 18 subjects agreed, one did not have an opinion
(Neutral), and no one disagreed or strongly disagreed. The CD-ROM got only positive

marks on 2 additional topics: usefulness (“Overall, I find that the CD-ROM can help me
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carry out my teaching/coaching related-tasks™) and relevance (“I think that this program
meets the relevant needs of coaches/teachers™). On the other 2 topics (bugs - “I found the
CD-ROM to work as expected, and to be without bugs” and Effectiveness/Efficiency - “I
believe that the CD-ROM is more effective/efficient than other methods™) even though the
overall marks were positive, a few subjects disagreed and one even strongly disagreed with

the written statements.

The second part of the follow-up scale included ten "closed" and one "open"
questions. All were concerned with any barriers subjects may have encountered while
using, or trying to use, the Interactive Volleyball CD-ROM. The ten "closed" questions
suggested ten possible barriers and subjects were asked to rate their opinion from “strongly
agree, a major barrier” (-2) to “strongly disagree, not a barrier” (+2), on a 5-point Likert
scale. The results are presented in Table 5.9, ordered by the score of each barrier, calculated
by summing up the multiplication of the numbers of subjects in each category and the

category constant.

Table 5.9

Descriptive Statistics of the Barriers Information Collected by the Follow-up Scale
(Follow-up Questionnaire)

Topic Strongly | Agree | Neutral | Disagree | Strongly n Score
Agree, a Disagree,
major not a
barrier barrier
(-2) (-1) 0 (1) (+2)
Lack of time 8 11 2 2 0 23 -25
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Inadequate 1 10 1 5 6 23 5
financial
support

Unavailable 3 6 4 2 8 23 6
hardware

Manual 0 1 9 5 3 18 10
inadequate
and

unhelpful

No interest 1 3 3 15 1 23 12
from peers

Personal 0 1 5 14 2 22 17
preference to
pen and

paper

Unstable 0 1 8 7 7 23 20
hardware

Not an 0 0 2 17 4 23 25
advantage to
work

Insufficient 0 1 2 12 8 23 27
personal
knowledge

The CD- 0 0 1 12 10 23 32
ROM is too
difficult to
operate

From the table it may be observed that the major barrier for using the CD-ROM was
the lack of time. It was also the only one that actually got a negative score, suggesting more
subjects found it to be a barrier than not. All other scores were positives; however, two
more barriers should be taken into account as they got a relatively low score: Inadequate

Financial Support (scored 5) and Unavailable Hardware (scored 6). At the other end of the
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scale, several barriers seem not to be considered as such by most of the sample. Subjects
disagreed with the following statements:
e The CD-ROM is not an advantage to work.
e Insufficient personal knowledge on ways to use and to integrate the CD-ROM in
work was a problem (excluding one subject).

e The CD-ROM was difficult to operate.

In an open question, subjects stated about any additional barriers that may prevent
teachers and coaches from using and/or integrating the Interactive Volleyball CD-ROM in
their work. Three subjects re-mentioned time, one mentioned cost (even thought they got

the CD-ROM for free) and another one mentioned the availability of hardware.

5.1.12 Scale # 12: Computer Attitude Scale (Follow-up Questionnaire)
Subjects were to complete the Computer Attitude Scale once again to explore if their
attitudes towards working with computers had changed, during the time elapsed since the

workshop (6 months) (the results are in Table 5.10).
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Table 5.10

Descriptive Statistics of the Computer Attitude Scale (Follow-up Questionnaire)

Factor Statistics of the sample
Anxiety Mean: 42.27
(10 items) Standard Deviation: 4.67

Range: 16 (from 34 to 50)

Confidence Mean: 42.59
(10 items) Standard Deviation: 4.23

Range: 15 (from 35 o 50)

Liking Mean: 38.41
(10 items) Standard Deviation: 5.12
Range: 21 (from 25 to 46)

Usefulness Mean: 43.91
(10 items) Standard Deviation: 3.58

Range: 12 (from 37 10 49)

A comparison of these results to those collected previously with the same scale at the

pre- and post-workshop questionnaires are discussed in section 5.3.1.

5.1.13 Scale # 13: Generalized Self-efficacy (Follow-up Questionnaire)
The follow-up questionnaire also included the Generalized Self-efficacy Scale. The
average score was 33.74 with a standard deviation of 4.44. The responses ranged from 25

to 40.
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5.1.14 Scale # 14: Stages of Adoption of Technology (Follow-up Questionnaire)

In order to notice any changes in subjects’ level of computer usage, the follow-up
questionnaire also included the Stages of Adoption of Technology Scale, concluded in the
pre-workshop questionnaire. The results show a mean of 5.30 with a standard deviation of

0.88. The distribution of the results is graphically represented in Figure 5.30.

Stage 6|

Figure 5.30. Distribution the perceived stage of subjects at the follow-up questionnaire.

5.1.15 Scale 15: Computer Technology for Physical Education Teachers and
Coaches (Follow-up Questionnaire)

In the last scale of the study, subjects were asked to complete the Computer
Technology for Physical Education Teachers and Coaches Form, already answered in the

pre-workshop questionnaire six months prior. The results are in Table 5.11.
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Table 5.11

Descriptive Statistics of the Variables Collected by the Computer Technology for Physical
education teachers and coaches Scale (Follow-Up Questionnaire)

Factor Statistics of the sample

General (12 items) | Mean: 49.83
Standard Deviation: 4.30
Range: 17 (from 42 to 59)

Teaching/coaching | Mean: 50.65
tools (12 items) Standard Deviation: 4.97

Range: 18 (from 42 to 60)

This concludes the descriptive statistics of the row data collected with the three
questionnaires. In the next section (5.2), the external variables, which in the actual study

are used to test the proposed model goodness of fit, are discussed.

5.2 External Variables

Many of the variables collected in the pilot study served as a survey for the
technology level of adoption among physical education teachers and coaches in Alberta,
Canada. These are described in the previous section (5.1). Several other variables were
collected to test the study hypothesis and the proposed model goodness of fit (described in
section 2.4) using the data collected in the actual study that took place in Israel. These
variables are described and discussed in the following sub-sections. It is important to note

that all these external variables, were collected with the pre-workshop questionnaire.
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5.2.1 Level of Expertise

The proposed model suggests that the level of expertise in using similar tools or
applications might affect our decision whether or not to adopt an innovation. In this study,
the subjects’ previous level of expertise in other computer applications was evaluated in
three ways. In the Patterns of Computer Technology Use form, subjects were to rank their
experience with computer technology on a scale from 0 (none) to 4 (very experienced). The '
level of expertise working with computers was also measured with the Stage of Adoption
Technology Scale in which subjects were to choose the one that best described their level of
adoption of technology on a 1-6 scale. The third variable, total level of expertise was
calculated from the Computer Experience Scale, by summing up the level of expertise
(from none (0) to extensive (4)) on all mentioned computer applications.

Prior to the data analysis, the Kolmogorov-Smirnov One-sample Test was used to
determine the normality distribution of different variables in the study. The null hypotheses
for the procedure stated that the distributions were normally distributed. Due to the
relatively small sample size and the type of scale (0-4 and 1-6) Experience with computer
technology and Stage of adoption technology variables seemed not to be distributed
normally. This was also one of the reasons the model was not tested using the pilot study
data only. The next Table (5.12) presents the normality data for the level of expertise

variables.
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Table 5.12

Results of the Kolmogorov-Smirnov One-Sample Tests for Normally Distribution Of The
Level Of Expertise Variables.

Variable Name K-S score | Probability | Scale Normality

Experience with 0.300 0.000 0-4 | Not Normal D."

computer technology

Stage of adoption 0.273 0.002 1-6 | Not Normal D."
technelogy

Total level of 0.187 0.138 1-164 | Normal D.”
expertise

* At o level=0.05

In order to learn about the relationships among the level of expertise variables, the
Pearson Correlation Test was carried out. The correlations are presented in Table 5.13,
where all relationships were found to be significant at o level of 0.01. However, the

strength of the relationship was in medium levels (0.567-0.758) only.
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Table 5.13

Correlation Coefficients and Their Significant Levels Amoilg Variables Which Measured
Subjects’ Level of Expertise Working With Computers

Experience with Stage of Total level of
computer adoption expertise
technology technology
Experience with -
computer technology
Stage of adoption 0.695 -
technology ok
(n=34)
Total level of 0.758 0.567 -
expertise ** o
(n=35) - (n=34)

** Significant at o level = 0.01

5.2.2 Innovativeness

Innovativeness was defined by Rogers (1995) as “the degree to which an individual,
or. other unit of adoption, is relatively earlier in adopting new ideas compared to other
members of the system” (p. 22). Based on the Innovativeness characteristic, the diffusion of
Innovations model (Rogers, 1995) categorized the system’s members into five adopters'
categories: Innovators, Early Adopters (EA), Early Majority (EM), Late Majority (LM) and
Laggards. In previous studies (Anderson, Varnhagen, & Campbell, 1998; Jacobsen, 1998)
an assumption was made that members, who developed an "extensive" expertise with a
particular tool, did so by starting the adoption relatively early. Therefore, innovativeness

and level of expertise were considered synonymous, and the innovativeness score was
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calculated by summing up the level of expertise on the Computer Experience Scale.
However, in the current study, these two variables were measured separétely: the level of
expertise by its magnitude, as described previously and innovativeness on the time
dimension.

The innovativeness score was calculated by four time-related variables: two measured
the early time subjects tended to adopt innovation and the other two their professional
innovativeness with regard to job-related applications. The repetition was carried out to
establish validity of the variables, especially since they were based on subjects' recall
ability.

In the Pattern of Computer Technology Use Scale, subjects were to report the year
they first used the computer for personal tasks. Additionally, subjects‘ were to report the
first year they used the computer for professional tasks. On the Computer Experience
Form, subjects had to indicate their experience with 46 computer applications. From that
scale, "fotal first time" subjects reported using a computer and the "fotal first time" they
used it for professional tasks, was obtained.

The Kolmogorov-Smirnov One-sample Test was used to test the normality
distribution of the innovativeness variables. Table 5.14 presents the description statistics as

well as the normality data.
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Table 5.14

Descriptive Statistics and the Results of the Kolmogorov-Smirnov One-Sample Tests for
Normal Distribution of the Innovativeness Variables

Variable Name Mean Range K-S score | Probability Normality
(s.d.)
The year they 1989.18 18 0.194 0.111 Normal D.”
first used the (4.52) (1980-1998)
computer
The year they 1993.70 15 0.198 0.094 Normal D.”
first used the (4.50) (1984-1999)
computer
professionally
Total first time 1987.97 26 0.171 | 0200 |NormalD."
used a computer (5.98) (1973-1999)
application '
Total first time 1992.71 19 0.233 0.020 Not Normal D.”
used a 4.99) (1980-1999)
professional
application

At o level=0.05

The correlations between the variables of the innovativeness which were collected at
the pre-workshop questionnaire are presented in Table 5.15 where it is clear that all the
innovativeness variables present a relatively high correlation (from 0.566-0.782) with

significancy (at o level=0.01).
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Table 5.15

Correlation Coefficients and Their Significant Levels Among Variables Which Measured
the Subjects’ Innovativeness

The year The year they | Total first Total first
they first first used the | timeuseda | timeuseda
used the computer computer | professional
computer | professionally | application | application

The year they first used the

computer

The year they first used the 0'526 -

computer professionally (0=27)

Total first time used a 053 7 0'3 f 6 -

computer application (n=32) (n=26)

Total first time used a O',Z ,9 8 OZE 2 O'S i 4 B
professional application (n=30) (n=25) (n=31)

** Significant at o level = 0.01

5.2.3 Self-efficacy
Self-efficacy was measured using the Schartzer and Jerusalem (1995) Generalized

Self-efficacy Scale. The distribution of the self-efficacy score is presented in Figure 5.31.
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Figure 5.31. Distribution the self-efficacy of the subjects.

The Kolmogorov-Smirnov Normality Test of the self-efficacy distribution (0.209;

p=0.059) suggests that subjects’ self efficacy is distributed normally at 0=0.05.

5.2.4 Attitude

The subjects’ attitudes towards working with computers were measured with two
different scales. The Computer Attitude Scale (CAS) was developed by Loyd and Gressard
(1986) to measure four separated attitude variables (anxiety, confidence, liking, and
usefulness). It was designed for teachers because positive attitudes teachers towards
computers are widely recognized as a necessary condition for affective use of computer
technology in schools (Woodrov;I, 1992). The second scale was especially designed for the
purpose of this study for measuring the attitude of physical education teachers and coaches

towards computer technology.
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The normality distribution of the attitude variables was done with the Kolmogorov-

Smirnov One-Sample Test as shown in Table 5.16.

Table 5.16

Results of the Kolmogorov-Smirnov One-Sample Tests for Normal Distribution of the
Attitude Variables (Collected During the Pre-Workshop Questionnaire)

Variable Name | K-S score Probability Normality
Anxiety 0.254 0.007 Not Normal D.”
Confidence 0.154 0.200 Normal D.”
Liking 0.186 0.143 Normal D.”
Usefulness 0.187 0.139 Normal D.”
General *
Attitude 0.139 0290 Nomal P
Attitude 0.155 0.200 Normal D.”
towards

Coaching/

Teaching Tools

* At a, level=0.05

The correlation coefficients of the six variables that measured subjects’ attitudes
during the pre-workshop questionnaire are reported in Table 5.17. It is clear that all attitude
variables present significant interrelationships at o level of 0.05 and most of them also at a

level of 0.01. The relationships of the newly developed variables (General Attitude and
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Attitude towards Coaching/ Teaching Tools) are relatively weaker compared to the

variables collected with the Computer Attitude Scale (Loyd & Gressard, 1984).

Table 5.17

Correlations Coefficients and Their Significant Levels Among Attitude Variables Collected
at the Pre-Workshop Questionnaire.

Anxiety |Confidence | Liking Usefulness | General
Attitude
Anxiety --
Confidence 0.788 -~
L
(n=35)
Liking 0.753 0.712 --
H3% kk
(n=35) (n=35)
Usefulness 0.808 0.671 0.686 --
%3k ek &k
(n=35) (n=35) (n=35)
General 0.658 0.550 0.549 0.473 --
(n=35) (n=35) (n=35) (n=35)
Attitude 0.516 0.347 0.369 0.480 0.582
towards £ * * Kk %ok
Coaching/ (n=35) (n=35) (n=35) (n=35) (n=35)
Teaching
Tools

* Significant level a=0.05
** Significant level 0=0.01

5.2.5 Age
The subjects’ age might also be considered as an external variable that influences

thier adopting level. The normality test for the age distribution (Kolmogorov-Smirnov =
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0.229; p=0.024) suggests that subjects’ ages are not distributed normally at a=0.05. The

distribution of the subjects’ ages is presented in Figure 5.32.

|
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Figure 5.32. Distribution the subjects’ age.

5.2.6 Coaching Experience
Another variable that might affect subjects’ decisions weather or not to adopt an
innovation might be their coaching experience. The normality test (Kolmogorov-

Smirnov=0.197; p=0.099) suggests that the coaching experience is distributed normally at

a=0.05. The coaching experience distribution is presented in Figure 5.33.
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Figure 5.33. Distribution of subjects’ coaching experience.

The six external variables discussed hereby (sections 5.2.1-5.2.6) should be tested
within the study’s proposed model. However, due to the relatively small sample size of the
pilot study (n=35), it is statistically incorrect to test the model goodness of fit. Therefore,

the model was tested together with the data of the main study, as described in section 6.3.

5.3 Evaluation of the Procedure and the Tools

5.3.1 The Questionnaires

As described previously, one of the reasons for conducting the pilot study was to pre-
test questionnaires selected for inherent in the study. Overall, it was found that too many
scales were administered to subjects. Therefore, a closer look at the scales and their
purpose was taken.

The first examination included the repeated administration of the Computer Attitude

Scale. The reason for repetition was that participating in a computer-workshop while using
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a friendly and easy-to-use application, might change subjects’ attitude toward computers,
due to increase in self-confidence and recognition of the advantages of computer
applications. However, a 2-hours workshop might be too short to have any significant
effect. Additionally, the level of experience of subjects with working with computers was
unknown before the study took place. Their previous experience level might play an
_ important roll. Changing subjects' attitude as a results of a short workshop may mainly be
true to computer novice subjects. Therefore, the following four hypotheses to suggest
changes in subjects’ attitudes due to participating in a two-hour workshop were formulated:
e There is a decrease in subject’s Anxiety between the pre-workshop and the
post-workshop.
e There is an increase in subject’s Confidence between the pre-workshop and
the post-workshop.
e There is an increase in subject’s Liking between the pre-workshop and the
post-workshop.
e There is an increase in subject’s Usefulness between the pre-workshop and the

post-workshop.

A series of one-tailed t-tests was conducted to compare the means of the four attitude
variables in the pre-workshop and the post-workshop questionnaires. The results are

presented in Table 5.18.
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Table 5.18

Difference between Attitude Variables Collected at the Pre-workshop and the Post-
workshop Questionnaires.

Pre Post t-test One-tailed

probability
Anxiety 44.14 (£5.15) | 44.15 (24.76) t=0.076 (d.£.=32) Not Sig*
Confidence | 41.23 (+4.99) | 41.52 (5.61) t=0.00 (d.£=32) Not Sig*
Liking 38.51 (£5.45) | 39.52 (£5.52) t=1.67 (d.£.=32) Not Sig*
Usefulness | 43.97 (£3.66) | 43.39 (+4.38) t=1.23 (d.£=32) Not Sig*

As evidently, we failed to reject all four null hypotheses and it was concluded that
subjects’ attitude towards computers, most likely to be built up over a long period of
experience, can not be altered in a two-hour workshop. The results of that analysis and the
intent to find ways to shorten the number of scales submitted to subjects, brought about the
withdraw of the Computer Attitude Scale from the post-workshop questionnaire in the

actual study.

Based on the pilot study, the following changes were made to the questionnaires:
e In Question 15 in the General Information scale: “How much time do you usually spend
in preparing a practice/lesson plan?” - The option “Less than an hour” was added.
e In Questions 6 & 7 in Patterns of Computer Technology Use - The order of the answer-

options have been reordered to be “Yes,” “Sometimes,” and “No.”
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e In the Computer Experience Scale, subjects were asked to add computer
tools/applications, which have not been mentioned, under six different categories. Only
one suggestion was provide, anc.l therefore, the “Commodore” option was added to the
operating System category. All other "open" items within a specific category were
deleted (items # 16, 25, 29 & 42). The last item was left to include any other
tool/software used by subjects and was not mentioned in the scale. Additionally, item
#22 (World Wide Webr browsing, searching) was deleted due to similarity with item
#44 (surfing the Internet). Items #43 (Robotics) and #45 (Virtual Reality) were moved
to the teaching/coaching related software, and category of Variety was been deleted. As
a result, the number of items was reduced to forty-one (see Appendix C for the two
versions of the Computer Experience Scale).

Since the CD-ROM was developed in the English language but was used in the actual
study with Hebrew speaking subjects, an additional two questions were added to the
Intention to Use the Interactive Volleyball CD-ROM Scale administered in the post-
workshop questionnaire. Subjects were asked to rank their English level from 1 (excellent)
to 7 (almost none), and were to indicate if they believed that the CD-ROM written in
English was affecting their intention of use, or non-use.

The questionnaires were translated into Hebrew using the back-translation method
(Campbell & Werner, 1970) where original questionnaires were translated into Hebrew and
then back into English by different persons, each fluent in both languages. In places where
this type of translation differs significantly from the original version, adaptations were

made in the Hebrew translation.
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Lastly, a few minor changes were applied to scales in order to make them
understandable to Israeli coaches. For example: Coaching Levels 1, 2, 3 & 4 were changed

to “coaching certificate” and “advance coaching certificate.”

5.3.2 The Procedure

The experimental procedure tested in the pilot study included mainly the organization
of the workshop, administration of the questionnaires, and data analysis. The only major
problem from the testing procedure was the length of the questionnaires. It took about 30
minutes to complete the pre-workshop questionnaire. Besides shortening the
questionnaires, as described previously, it was decided to distribute the pre-workshop
questionnaire to subjects together with the worksﬁop invitation, and to have them return
questionnaires fully completed to the workshop. This increased the available time in the
workshop for demonstrating the CD-ROM rather than spending it on the questionnaires.

The next chapter includes data analysis and results of the actual study, conducted in

Israel.



Modified diffusion of an innovation model in volleyball 146

CHAPTER 6

DATA-ANALYSIS AND RESULTS

The main study was conducted in Israel during 2001-2003. It followed the tools and
procedures described previously in sections 4.3 and 4.4. The data was collected in three
workshops, in July, 2001, May, 2002, and March, 2003. The workshops took place in the
computer lab at the Zinman College located at Wingate Institute in the center of Israel. A
letter was sent to about 120 teachers and coaches, and 90 volunteered to participate in the
two-hour workshop.

As a lesson from the pilot study, subjects received the pre-workshop questionnaires
(see Appendixes A - G) in the mail, and were asked to bring them to the workshop already
filled up. Each workshop started by subjects signing the consent form. Thereafter, the
workshops included a demonstration of the CD-ROM by a volleyball expert, and a practice
session. At the end of the workshop, subjects completed the post-workshop questionnaires
(see Appendixes E, H and I). All teachers and coaches were given a copy of the Interactive
Volleyball CD-ROM for personal use. Follow-up questionnaires (appendices D, E, F, G
and J) were sent to subjects approximately 18 months after the workshops. Based on the
data, the study was composed of five main statistical procedures. The first was a survey,
which included descriptive statistics of ;che questionnaires (completed by 90 physical
education teachers and coaches). The second was a quasi-experiment obtained by analyzing

the questionnaire data and comparing among groups within the sample. The third part
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included a time-comparison; while the fourth was a comparison between the two countries,
Israel and Canada. The last part tested the goodness of fit of the proposed mode using the

collected data.

6.1 The Survey

As mentioned previously, the main purpose of the survey was to learn about the le;/el
of technology adoption among physical education teachers and coaches in Israel. The
survey data was collected from a total of 90 subjects. The descriptive statistics of the
variables collected with three questionnaires (pre-workshop, post-workshop and follow-up)

is given here in the same order as the scales presented in the questionnaires.

6.1.1 Scale # 1: General Information (Pre-workshop Questionnaire)

Table 6.1 shows the descriptive statistics of the General Information Form
administrated to subjects in the pre-workshop questionnaire. It includes demographic
variables as well as teaching/coaching background information. Questions 1-5 included
personal data such as name, telephone number, and address and, therefore, are not listed in

the table.
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Table 6.1

Descriptive Statistics from the General Information Form Completed by Subjects Prior to
the Workshop

Q# Variable : Sample Composition

6 Age (see also Figure 6.1) n=_88

Mean = 36.94 years

Std. Dev.= 9.56 years

Range = 41 years (21 from to 62)

Distribution of the sample's age
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Figure 6.1. Distribution of the sample's age

7 Gender Men =49 % (44/90)
Women = 51% (46/90)

8 Educational Level Attained Students in the Physical Education
Program: 20% (18/89)

Bachelor Degree: 72%. (64/89)
Physical Education:
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91% (58/64)

Other: 9% (6/64)
Master Degree: 25% (22/89)
Doctorate Degree: 3% (3/89)

Instructor Certificate: 27% (24/89)
Coaching Certificate: 45% (40/89)
Senior Coaching Certificate: 22%
(20/89)

Physical Education Teaching Diploma:
62% (55/89)

Profession Students in the Physical Education
Program: 20% (18/89)

Teachers: 74% (66/89)
Phys. Ed. Teachers: 73%
(65/89), 98% of the
total teaches (65/66)
Other Teachers: 7% (6/89),
9% of the total teachers
(6/66)

Coaches: 57% (51/89)
Elementary School Coach:
28% (25/89), 49% of
the total coaches
(25/51)
J.H. & H. School Coach: 28%
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(25/89), 49% of the
total coaches (25/51)
National Team level: 16%
(14/89), 27% of the
total coaches (14/51)
Other: 2% (2/89), 4% of the
total coaches (2/51)

Other profession: 6% (Lawyer,
Player, Team manager,
Sailor) (5/89)

10 Total No. of Years n=79

Teaching/Coaching Volleyball Mean = 10.56 years

Std. Dev.= 9.45 years

Range = 40 years (from 0 to 40)

11 Teaching/Coaching other Sports | Yes: 68% (54/79)
No: 32% (25/79)

New Total No. of Years n =79
(Calculated Teaching/Coaching any sports Mean = 12.99 years
based on 12)

Std. Dev.= 9.18 years

Range = 40 years (from 0 to 40)

13 Age of Population Children (6-12 years old): 62%
Teaching/Coaching (42/68)
Adolescents (13-17 years old): 72%
(49/68)

Mature Athletes (18-30 years old):
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34% (23/68)

Mid-Ages (31-40 years old): 22%
(15/68)

Seniors (41-63 years old): 6%
(4/68)

Aged population (64 years old on):
1% (1/68)

14

Average No. of Volleyball
Practice/Lesson Plans Written

Weekly (during the season)

n=77

Mean = 5.09 plans

Std. Dev.=5.09 plans

Range = 28 plans (from 0 to 28)

15

Time Spend Preparing a
Practice/Lesson plan (see also
Figure 6.2)

Not at all: 22 % (17/77)

Less than 1 hour: 5% 4/77)
About 1.5 hours: 70% (54/77)
About 3 hours: 3% (2/77)
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Figure 6.2. Distribution of time spent to prepare a practice/lesson plan

16 Availability of Coach Assistance | Yes: 9% (7/77)
No: 91% (70/77)

17 Factors most Affect the Decision | An advertisement in the media: 23%
to Select a Computer Software (19/83)
A colleague recommendation: 76%
(63/83)
Availability of software: 35% (29/83)
District policies and procedures: 28%
(23/83)
Other (cost, quality,
husband/friend
recommendation and

more): 18% (15/83)




Modified diffusion of an innovation model in volleyball 153

From the demographic variables presented in Table 6.1, it is evident that the sample
chosen for the study was very diverse in many variables. For example, subjects’ ages
ranged from 21 to 62 years, while teaching/coaching experience varied from 0 to 40 years.

With respect to education, seven subjects did not have a bachelor’s degree (8%), 20%
of the sample (18 subjects) were students within the physical education program and 72%
(64 subjects) had already graduated. Among the ones with a first degree, the majority
(91%) had a degree in Physical Education and 9% had a bachelor’s degree in other fields.
Four subjects had two bachelor’s degrees in Physical Education Twenty-five percent of
subjects had a master’s degree and three additional subjects (3%) had acquired a PhD
degree as well. In relationshib to coaching education, there are three different courses
which can be taken in Israel. An instructional course, whic;h is the basic course, was taken
by 27% of the sample. Forty subjects (45%) took a coaching certificate class and 20
subjects (22%) took the highest level of coaching course, a senior coaching certificate.

In Question 9, subjects were to state about their current profession. In accordance
with the education distribution presented in the previous question, there were students
(20%), teachers (74%) or coaches (57%). Some were doing two at a time, such as coaching
and teaching, or studying and coaching. Only 6% were in other occupations such as a
professional player, team manager, sailing, or a lawyer. It is important to take into account
that 65 reported that they actually taught physical education, while only 55 subjects
reported that they had a physical education teaching diploma (in Question 8).

Ninety-eight percent (i.e., all but one) of teachers taught physical education, but six

subjects taught other topics (in most cases, in addition to physical education). Among the
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coaches, a similar number of subjects (28% or 25 subjects) did so at the elementary-school
level, junior-high level, and high-school level. An additional 16% (14 subjects), coached
professional teams, and two subj e;:ts coached a group of adult players.

In reference to the age of those they taught/coached, subjects reported that (72%)
taught or coached adolescents (13-17 years old), 62% taught or coached children (6-12
years old), 34% mature athletes (18-30 years old), 22% mid-ages (31-40 years old), 6%
senior citizens (41-63 years old), and 1% coached an aged population (over 63 years old).

Another variable, which may be’ of importance to the study, is subjects'
teaching/coaching experience. In Question 10, subjects were to state the number of years
they had been teaching or coaching volleyball. Then, they were to indicate whether they
coach/teach other sports and, if so, the number of years. A new variable was calculated by
taking the larger number, to represent fotal number of years for teaching/coaching sport.s;.

The results are in Figure 6.3.
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Figure 6.3. Distribution of time spent to prepare a practice/lesson plan.

6.1.2 Scale # 2: Patterns of Computer Technology Use (Pre-workshop
Questionnaire)

One of the main purposes of the study was to learn about individual computer usage
patterns, previously and currently. In order to do so, the Patterns of Computer Technology
Use Scale was developed and administrated to the subjects. Using this form, it was also
possible to compare the patterns of home/personal computer use with those of professional

(teaching/coaching) usage. The descriptive results of that scale are presented in Table 6.2.
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Table 6.2

Descriptive Statistics from the Patterns of Computer Technology Use Form, Completed by
Subjects prior to the Workshop

Q# Variable Sample Composition
1 The first year a 10% of the subjects (9/89) did not used computers at the
computer was used time of the workshop

for personal tasks | 90% of the subjects (80/89) used computers, as follow:
(see also Figures 1980: 1% (1/89)
6.4 & 6.5) 1982: 1% (1/89)
1983: 1% (1/89)
1984: 1% (1/89)
1985: 1% (1/89)
1986: 1% (1/89)
1987: 3% (3/89)
1988: 3% (3/89)
1989: 2% (2/89)
1990: 9% (8/89)
1991: 1% (1/89)
1992: 3% (3/89)
1993: 3% (3/89)
1994: 6% (5/89)
1995: 8% (7/89)
1996: 6% (5/89)
1997: 3% (3/89)
1998: 9% (8/89)
1999: 7% (6/89)
2000: 16% (14/89)
2001: 2% (2/89)
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2002: 1% (1/89)
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Figure 6.4. Frequency distribution of the year subjeets started to use computers for personal
tasks.
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Figure 6.5. Cumulative frequency of the year subjects started to use computers for personal
tasks.

New No. of years of n=85

(Caleulated) | yig5ing the computer | Mean: 9.08
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for personal tasks
(see also Figure

6.6)

SD: 5.52
Range: 24 (from 0 to 24)
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Figure 6.6. Frequency distribution of the number of years subjects used computers for
personal tasks.

New

(Calculated)

Age first used
computer for
personal tasks (see

also Figure 6.7)

n=79

Mean: 26.54

SD: 11.01

Range: 49 (from 6 to 55)
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Figure 6.7. Frequency distribution of the age in which subjects first used computers for
personal tasks.

2

The first year a
computer was used
for professional
tasks (see also

Figure 6.8 & 6.9)

36% of the subjects (32/89) did not used computers for
professional tasks at the time of the workshop

64% of the subjects (57/89) used computers, as follow:

1986: 1% (1/89)

1990: 2% (2/89)

1991: 1% (1/89)

1993: 2% (2/89)

1994: 1% (1/89)

1995: 11% (10/89)

1996: 6% (5/89)

1997: 4% (4/89)

1998: 10% (9/89)

1999: 7% (6/89)

2000: 11% (10/89)

2001: 3% (3/89)

2002: 3% (3/89)
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Figure 6.8. Frequency distribution of the year subjects started to use computers for
professional tasks.
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Figure 6.9. Cumulative frequency of the year subjects started to use computers for
professional tasks.
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New

(Calculated)

No. of years of
using the computer
for professional
tasks (see also

Figure 6.10)

n=_87

Mean: 4.46

SD: 4.17

Range: 18 (from 0 to 18)
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Figure 6.10. Frequency distribution of the number of years subjects used computers for
professional tasks.

New

(Calculated)

Age first used
computers for
professional tasks
(see also Figure

6.11)

n=>56

Mean: 28.30

SD: 9. 66

Range: 42 (from 15 to 57)
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Figure 6.11. Frequency distribution of the age in which subjects first used computers for
professional tasks.

3 The first year a 15% of the subjects (13/89) did not buy computers at the
computer was time of the workshop

bought for personal | 85% of the subjects (76/89) bought computers, as follow:

use (see also 1981: 1% (1/89)
Figures 6.12 and 1983: 1% (1/89)
6.13) 1985: 1% (1/89)

1988: 2% (2/89)
1989: 2% (2/89)
1990: 19% (17/89)
1992: 6% (5/89)
1993: 2% (2/89)
1994: 10% (9/89)
1995: 4% (4/89)
1996: 9% (8/89)
1997: 6% (5/89)
1998: 9% (8/89)
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1999: 3% (3/89)
2000: 6% (5/89)
2001: 3% (3/89)

\ Histogram of the Year First Bought a Computer for i
Home/Personal Use
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Figure 6.12. Frequency distribution of the year subjects bought their first computer for
home/personal use.
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Figure 6.13. Cumulative frequency of the year subjects bought their first computer for
home/personal use.
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4 The first year a
computer was
bought for

professional

tasks (see also
Figures 6.14 and
6.15)

(teaching/coaching)

76% of the subjects (68/89) did not buy computers at the
time of the workshop

24% of the subjects (21/89) bought computers, as follow:
1985: 1% (1/89)

1990: 1% (1/89)

1992: 1% (1/89)

1994: 3% (3/89)

1995: 3% (3/89)

1997: 3% (3/89)

1998: 2% (2/89)

2000: 7% (6/89)

2001: 1% (1/89)

Histogram of the Year First Bought a Computer for professional
Use
80
70
60 : -
>
g 50 {—
S 40
o
@ 30
% 20
10 ;
0 le= = = . e «
0 © N~ @ [22] o 4oz N [ ] w © ~ @ (2] o = @
=
Year

Figure 6.14. Frequency distribution of the year subjects bought their first computer for

professional use.
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Figure 6.15. Cumulative frequency of the year subjects bought their first computer for

professional use.

3 No. of computers
owned (see also

Figure 6.16)

None: 10% (7/68)

1 computer: 22% (15/68)
2 computers: 25% (17/68)
3 computers: 28% (19/68)
4 computers: 9% (6/68)

5 computers: 6% (4/68)

Missing data: 22 subjects
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Distribution of the number of computers owened

5 Computers
6% '
4 Computers

9%

3 Computers
28%

No Computer
10%

2 Computers

Figure 6.16. Distribution of the number of computers owned.

6 Accesstoa Yes: 89% (79/89)
computer for Sometimes: 11% (10/89)
personal use

7 Access to Yes: 53% (47/89)
computers, Sometimes: 29% (26/89)
software and No: 18% (16/89)
needed equipment
for
teaching/coaching
tasks

8 Satisfaction from Very satisfied (+2): 3% (2/78)

computer-related
teaching/coaching

tasks support

Satisfied (+1): 14% (11/78)
Neutral (0): 41% (32/78)
Unsatisfied (-1): 29% (23/78)
Very unsatisfied (-2): 13% (10/78)
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Mean: -0.36
SD: 0.97
Range: 4 (from -2, Very Unsafisfied to 2, Very satisfied)

9 Satisfaction from Very satisfied (+2): 4% (3/72)
the fraining Satisfied (+1): 11% (8/72)
available to you for | Neutral (0): 38% (27/72)
computer-related Unsatisfied (-1): 38% (27/72)
teaching/coaching | Very unsatisfied (-2): 10% (7/72)
tasks
Mean: -0.38
SD: 0.96
Range:‘ 4 (from -2, Unsatisfied to +2, Very satisfied)
10 Acquisition of Self taught: 51% (45/89)
initial computer Formal course: 33% (29/89)
skills From a peer: 34% (30/89)
From a player/student: 8% (7/89)
From support staff: 1% (1/89)
Other (big brother, wife): 2% (2/89)
Missing data: 1 subjects
11 Range of computer | Self-teaching: 80% (67/84)

knowledge and
skills are primarily

the result of:

Formal course: 55% (46/84)

Peer teaching and support: 11% (9/84)
Support staff assistant: 2% (2/84)
Other (brother, husband): 6% (3/84)
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Missing data: 6 subjects

12 No. of hours spent | Less than 1 hour: 19% (16/85)
weekly using a 1 to 3 hours: 26% (22/85)
computer 3 to 5 hours: 25% (21/85)
More than 5 hours: 31% (26/85)
Missing data: 5 subjects
13 No. of hours spent | Less than 1 hour: 34% (29/85)
weekly using the 1 to 3 hours: 34% (29/85)
Internet 3 to 5 hours: 14% (12/85)
More than 5 hours: 18% (15/85)
Missing data: 5 subjects
14 Experience with Very Experienced: 12% (10/86)
computer Good: 21% (18/86)
technologies Fair: 42% (36/86)
Poor: 22% (19/86)
None: 3% (3/86)
Missing data: 4 subjects
15 Participation in Yes: 82% (71/87)
courses/workshops | No: 18% (16/87)
for using computer
technologies Missing data: 3 subjects
16 Typing skills Non-existent: 2% (2/87)

Poor: 38% (33/87)
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Good: 45% (39/87)
Excellent: 15% (13/87)

Missing data: 3 subjects

17 Methods used to Computer magazines or journals: 22% (14/63)
update icnowledge Computer courses: 27% (17/63)
of educational User groups: 6% (4/63)
computer Workshops: 11% (7/63)

Other (Friends, self-teaching using the Internet, books,
self-teaching, family members): 49% (31/63)

18 Experience with Yes, quite a few : 14% (12/87)
' other computer- Yes, only one or two: 44% (38/87)
based instruction No: 43% (37/87) .
software
Missing answer: 3 subjects
19 Currently using Yes: 19% (16/86)
computer No: 81% (70/86)

applications in

physical education | Missing answer: 4 subjects

and sport

The purpose of the second scale in the pre-workshop questionnaire was to gather
information about ways computer technology is used by physical education teachers and
coaches currently and in th;a past.

In the first question, subjects were asked to report the first year they used a computer

for personal tasks. A similar question was posed regarding using the computer for
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professional-related tasks. These variables were used to calculate the subjects’
innovativeness, or the time frame of their usage. These two variables are also utilized to
learn more about the time-gap between adopting technology for daily usage and adoption
for job-related purposes (discussed later). The distributions of the results are shown in
figures 6.4, 6.5, 6.8 & 6.9.

An additional four variables were calculated from the replies to the first two
questions: the number of years that subjects used computers for persm.qal tasks, the number
of years that subjects used computers for professional tasks, the age subjects started to use
computers, and the age they started to use computers for professional tasks. The first two
were calculated by subtracting the year subjects started to use computers, or use them for
professional purposes, from the current year (i.e., 2004). The other two variables were
calculated by subtracting the results of these two new variables from subject’s age. It is
evident that only 64% were using them to complete teaching and coaching related missions,
while 90% of the sample was using computers at the time of the workshops for personal
tasks. The detailed distribution was presented in the previous Table (6.2j and in figures 6.6,
6.7, 6.10 and 6.11. The gap between the percentage of users of computers for personal

tasks and those for professional tasks is presented in Figure 6.17.
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Distribution of the number of subjects which used or not
used computers for the different tasks type

100

Number of subjects

Tasks Type

][ Usih&Computers @ Not Ursiinigi C?)mputers ’

|
Personal Tasks Professional Tasks ‘
|
|

Figure 6.17. Distribution of using and not using computers for the different task types, at
the moment the data was collected.

To study the pattern of current computer usage, subjects were asked about the average
number of hours they spent per a week using a computer and, more specifically, using the
internet, which was assumed to be a popular tool. The results are presented in Figures 6.18

and 6.19.
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Disribution of the time the computer is used,
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Figure 6.19. Distribution of the time for using the Internet weekly.

Question 14 was designed to learn about subjects' experience with computer

technology. Computer experience is an important factor in the current study, and it was
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obtained in other scales as well. In this question, subjects were to rate their experiences on
a 5-point Likert Scale. Three percent of the subjects (3 subjects) reported that they lacked
computer experience all together, 22% reported poor experience, 42% believed their
experience was fair, 21% that it was good, and 12% thought that they were very
experienced. In Question 16, subjects stated their typing skill level. The assumption was
that subjects, who used the computer frequently, would also have improved typing abilities.
The results show that 2% reported a lack of typing skills, 38% had poor skills, 45% good

skills, and the other 15%, had an excellent level of typing skills.

6.1.3 Scale # 3: Computer Experience (Pre-workshop Questionnaire)

The third scale was used to learn about the different computer applications subjects
used. The Computer Experience Form was also designed to collect temporal information
and subjects were to recall the year they started to use the application.

The form consisted of using a list of 41 computer software and tools® that were
divided into six maj(;r categories (Systems, Tool Application, Communication Software,
Software and Tools, Teaching/coaching Related Software, and Variety). Subjects were to
indicate 1) their current level of expertise (None (0), A little (1), Fair (2), Substantial (3) or
Extensive (4)), 2) the year they first used this software/tool (if ever) and 3) the year they
first used this software/tool (if ever) for feaching/coaching related tasks.

In order to get an overview of all the applications and tools that were mentioned in the

Computer Experience Scale, the percentage level of adoption for each tool, was calculated

6 The original English scale included 46 items, but as a result of the pilot study several changés ixave been
incorporated into the scale (see section 5.3.1 for more information), and the Hebrew version included 41
items only.
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twice, for personal as well as for professional tasks. In the pilot study, this was
accomplished simply by summing up the number of subjects who indicated the year they
started to use the tool/application divided by the total number of subjects. The same
procedure was repeated for the professional usage. However, when the results of this form
were analyzed for the Israeli sample, it was found that many subjects did not indicate the
year they first started to use any application. That is, they did not mention the year,
although they mentioned that they had adopted a tool for a certain level (1 to 4), they. As a
result, the calculated percentage level of adoption found by the method used for the
Canadian sample was low.

A solution to this problem was to calculate the percentage of adoption differently as
the missing answers (level of adoption without a year for starting) were taken into account.
The total number of subjects that did mention the start-up year was divided into the total
number of subjects minus the total number of subjects gave no answer, even though they

marked a level of usage. The results are shown in Table 6.3.

Table 6.3

Cumulative Percentage of Adoption for Personal and Professional Uses

Cumulative percentage of adoption
Computer Tool/Application Personal tasks Professional tasks
Windows Operating System (95+) 79.59% L.M. 38.78% E.M.
Word Processing 73.81% l 38.10% l
Surfing the Internet 54.00% 28.00%
Spreadsheets 54.00% 1 22.00%
E-mail 52.94% L.M. 23.53% T
Presentation Package 45.76% E.M. 22.03% E.M.
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Win 3.x 34.48% l 10.34% E.A.
PC-DOS 26.56% 6.25% l
Computer Games 21.05% 5.26%

On-line Databases (and/or Library Catalogues) 19.18% 1 8.22%

Graphics Program (i.e. Drawings, Paint, Clipart) | 17.65% E.M. 8.82%

FTP (upload, download files) 15.94% E.A. 5.80%

Grading Package 12.90% l 8.06%

On-line Video, Audio 12.16% 4.05%
Newsgroups 12.16% 4.05%

Database 11.69% 6.49%
Programming Language 9.76% 3.66%
Charting/Graphing 9.46% 4.05%

Statistics Package 8.33% 4.17%

Apple 6.90% 2.30%

WWW Page Creation/Editing 5.88% 3.53%

Designing and Creating Practice/Lesson Plans 5.26% 3.95%
Measurements of Performance related Software<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>