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Abstract
The Digital Agenda for Europe (2015) states that there will be 825,000 unfilled vacancies
for Information and Communications Technology by 2020. This lack of IT professionals
stems from the small number of students graduating in computer science. To retain more
students in the field, teachers can use remote robotic experiments to explain difficult
concepts. This correlational study used the unified theory of acceptance and use of
technology (UTAUT) to examine if performance expectancy, effort expectancy, social
influence, and facilitating conditions can predict the intention of high school computer
science teachers in Cyprus, to use remote robotic experiments in their classes. Surveys,
based on the UTAUT survey instrument, were collected from 90 high school computer
science teachers in Cyprus, and a multiple regression analysis was used to measure the
correlations between the constructs and finally the model fit of the analysis. The model
was able to predict approximately 35% of the variation of the teachers’ intent to use
remote robotic experiments. The biggest predictor was facilitating conditions followed by
effort expectancy. Performance expectancy had little impact, whereas social influence
had no impact on the intention of high school teachers to use remote robotic experiments
in their classes. These results can help curriculum decision makers in the Ministry of
Education in Cyprus to examine what factors affect the acceptance of remote robotic
experiments and develop them in ways that would increase their implementation in high
schools. By incorporating remote robotic experiments in high schools, students may learn
difficult concepts, leading to an increase in computer science graduates and ultimately an

increase in IT professionals.
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Section 1: Foundation of the Study

In this study, I used a quantitative correlational method to examine the intention
of computer science high school teachers to use remote robotics laboratories if they are
provided with some conditions presented by my independent variables. The results of this
study can help computer science curriculum decision makers decide whether future
curricula will include remote robotic laboratories. By including more problem-based
learning, students can understand difficult concepts more easily and this may decrease the
attrition rates in the computer science field.

Background of the Problem

The Grand Coalition for Digital Jobs estimates that by the year 2020 there will be
up to 825,000 unfilled vacancies for Information and Communications Technology (ICT)
positions (Digital Agenda for Europe, 2015). This vacancy gap is mainly due to the low
number of students graduating with computer science degrees. Even though the number
of students entering STEM fields is high, the attrition rates for computer science majors
is close to 59% (Chen, 2013). Some of the causes that lead students to leave the computer
science field are the lack of problem-solving skills, analytical thinking, logical and
reasoning skills, and programming and algorithmic skills (Sarpong & Arthur, 2013). This
lack of skills can be attributed to students lacking practical application of concepts during
a course. By providing students with problem-based learning (PBL) experiences through
the use of more laboratory work, educators can tackle this lack of skills (O’Grady, 2012).

The purpose of this study was to provide curriculum decision makers with

information about the relationship between performance expectancy, effort expectancy,
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social influence, facilitating conditions, and the intention of computer science high school
teachers to use remote robotic laboratories. The unified theory of acceptance and use of
technology (UTAUT) uses the performance expectancy, effort expectancy, social
influence and facilitating conditions variables stated above to evaluate a person’s
intention to use technology (Venkatesh, Morris, Davis, & Davis, 2003). This study could
provide curriculum decision makers with the necessary information that could lead to the
use of remote robotic laboratories in the curriculum.
Problem Statement

Based on a data collected from a survey at Berea College in the United States, out
of all the students entering a science field, only 31% complete a degree in science due to
their overestimation of their ability to perform well in the field (Stinebrickner &
Stinebrickner, 2014). Using laboratory practice allows a better understanding of
programming concepts and improves success rates as stated by 88% percent of students
(Sarpong & Arthur, 2013). The general IT problem is that there is a lack of practical
experience in introductory computer programming courses in high schools in Cyprus,
leading to reduced student retention in the field of computer science. The specific IT
problem is that computer science curriculum decision makers often lack information
about the relationships between performance expectancy, effort expectancy, social
influence, facilitating conditions, and the intentions of high school computer science

teachers to use remote robotic experiments.



Purpose Statement

The purpose of this quantitative correlational study was to evaluate the
relationship between performance expectancy, effort expectancy, social influence,
facilitating conditions, and the intentions of high school computer science teachers in
Cyprus to use remote robotic experimentation technology in their classes. This evaluation
could inform computer science curriculum decision makers on what factors could
influence high school computer science teachers to use remote robotic experimentation.
This information could lead to changes in curriculum such as the inclusion of remote
robotic experimentation. This could ultimately increase student retention in the field of
computer science. Using the unified theory of acceptance and use of technology
(UTAUT), | examined the four independent variables: performance expectancy, effort
expectancy, social influence, and facilitating conditions that the model proposes
(Venkatesh et al., 2003). The dependent variable was the intention of teachers to use
remote robotic experimentations in their teaching methodologies. The targeted population
consisted of computer science teachers who taught programming courses in high schools
in Cyprus. High school computer science teachers were all registered teachers who taught
programming courses in the middle and high school levels at the time of the study. There
were approximately 400 middle and high school teachers of computer science employed
by the Ministry of Education in Cyprus at the time of the study. The implications for
social change include the possible inclusion of remote robotic laboratories in the future
computer science curriculum for a better understanding of computer science concepts by

students. Including more PBL experiences could lead to an increase in student retention



in the field of computer science. Higher student retention could then lead to more
information technology experts entering the workforce. In addition to helping students
understand programming concepts, | aimed to help high school computer science teachers
deliver more laboratory-based work without impeding their in-class time.
Nature of the Study

| used a quantitative methodology approach to evaluate the relationship between
performance expectancy, effort expectancy, social influence, facilitating conditions, and
the intention of computer science teachers in high schools in Cyprus to use remote
robotic experimentation techniques. Yilmaz (2013), stated that a quantitative study begins
with a hypothesis or theory and uses formal and structured instruments to gather data in
numerical indices. A qualitative study, on the other hand, uses an inductive and
naturalistic methodology that is based on the observations and interpretations of peoples’
perceptions (Khan, 2014). In this study, | used the four independent variables identified
in the unified theory of acceptance and use of technology (UTAUT) (Venkatesh et al.,
2003): (a) performance expectancy, (b) effort expectancy, (c) social influence, and (d)
facilitating conditions. When variables are identifiable and measurable, then the use of a
quantitative methodology is more appropriate than a qualitative methodology (Yilmaz,
2013).

| utilized a correlational quantitative design. I chose a correlational study because
the study’s primary purpose was to examine the relationship between the identified
independent variables and the intention to use a specific technology. According to

Keele’s decision tree (2011), a study that has no treatment, examines relationships, and



has a sample that is a single group, points to the use of a quantitative correlational
research. Correlational quantitative research deals with the observation of certain
concrete specifications of phenomena and the application of mathematical principles to
assess the responsiveness of variables under examination (Westerman, 2011).

The use of an experimental design was not appropriate for this study because
experimental design focuses on the cause and effect of variables rather than identifying
that a relationship exists (Keele, 2011). In a correlational design, the relationship between
variables is established first. After the relationship is established then further research can
use experimental designs to validate the cause and effect of those variables. Another issue
with using an experimental design in this study was a limitation in the high school
teachers’ available time. High school teachers in Cyprus may not want to participate in a
time-consuming experiment, whereas they would be more inclined to answer a short
survey. The use of an experimental design would also require the participation of high
school students, and this would lead to ethical concerns that involved minors in a study.
Another quantitative design type that was considered was the descriptive quantitative
design. Using a descriptive design is more appropriate when knowledge of the problem
area is limited. When there is a considerable amount of knowledge of the problem area
then a correlational design is more suitable (Keele, 2011).

Research Question

Do (a) performance expectancy, (b) effort expectancy, (c) social influence, and

(d) facilitating conditions significantly predict the intention of high school computer

science teachers in Cyprus to use remote robotic experimentation in their courses?



Hypotheses

Venkatesh et al. (2003) proposed four core variables, performance expectancy,
effort expectancy, social influence and facilitating conditions to predict the intention to
use technology as shown in Figure 1. The proposed variables were deemed appropriate
for evaluating the intention of high school computer science teachers to use remote
robotic experiments.

Hol: Performance expectancy, effort expectancy, social influence and facilitating
conditions will not significantly predict the intention of high school computer science
teachers to use remote robotic experiments.

Hal: Performance expectancy, effort expectancy, social influence and facilitating
conditions will significantly predict the intention of high school computer science

teachers to use remote robotic experiments.

Performance
Expectancy

Effort - Behavioral
Expectancy = Intention
- Behavioral
i Intention
Social Facilitating
Influence Conditions

Figure 1. Diagram showing how the four constructs relate to use behavior.



Theoretical or Conceptual Framework

This quantitative study used the unified theory of acceptance and use of
technology (UTAUT) (Venkatesh et al., 2003). UTAUT was introduced in 2003 by
Venkatesh, Morris, Davis, and Davis (2003) and builds on the Technology acceptance
model (TAM), which tries to predict and explain the use of technology (Davis, 1989).
The UTAUT theoretical framework identifies four constructs that influence the use
behavior (UB) for a specific system. The four constructs, as shown in Figure 1, are
performance expectancy (PE), effort expectancy (EE), social influence (SI) and
facilitating conditions (FC) (Venkatesh et al., 2003). Through the use of UTAUT, |
evaluated the intention of high school computer science teachers in Cyprus to use remote
robotic laboratories to enhance their teaching of computer-related concepts.

Definition of Terms

The following are the definitions of the terms used throughout this study.

Behavioral intention: The measure of intention that allows an understanding and
prediction of the adoption of a specific behavior (P. C. Lin, Lu, & Liu, 2013).

Effort expectancy: The degree of ease that a person perceives when using the
technology (Khechine, Pascot, & Bytha, 2014).

Facilitating conditions: The degree in which a person believes his organization
will support his use of the technology (Venkatesh et al., 2003).

Performance expectancy: The belief of a person of how useful a technology is in

performing various activities (Ain, Kaur, & Waheed, 2015).



Remote Robotic Laboratories: Web-based e-Learning resources that augment
students’ accessibility to experiments using autonomous robotic platforms (Chaos,
Chacon, Lopez-Orozco, & Dormido, 2013).

Social influence: The belief of a person that others that are important to him
believe that he should use a technology (Raman & Don, 2013).

Assumptions, Limitations, and Delimitations
Assumptions

The primary assumption in this research study was that high school teachers in
Cyprus who teach introductory computer science courses understand the need for
enhancing the existing curriculum with more problem-based learning methods. In its
simplest form, Problem-based learning (PBL) works by introducing students to a problem
and then working on solving that problem through discussion and refining the problem
until it is solved (O’Grady, 2012).

High school teachers may not have been familiar with remote experimentation or
the use of robotics in the classroom. In this study | assumed that high school computer
science teachers in Cyprus are familiar with remote experimentation and robotics in
general so that they would be able to answer the survey questions.

Self-reporting bias is another issue that had to be taken into consideration. Self-
reporting bias is based on the personal experiences and the existing work environment of
the participant, which may influence the answers given in a survey (Fink, 2013).
Providing the participant with anonymity and requesting that they provide honest and

objective answers helped mitigate this issue.



Limitations

When conducting research, practitioners and researchers must be able to identify
and understand the limitations that the research method they use entails (Kirkwood &
Price, 2013). A major limitation to this study was that the participants may have lacked
the willingness to participate or that they were not available to complete the survey.
Researchers must also be able to identify whether their findings can be generalized to
other situations and contexts (Kirkwood & Price, 2013). The fact that the participants
were all from Cyprus limited the validity of the results to this country only. In the future,
researchers may use this study with a different set of participants and may validate the
strength of the study.
Delimitations

Delimitations are the boundaries of a study (Miguel Martinez-Grafia, 2013). This
research study involved high school teachers that taught introductory computer science
courses in Cyprus. The participant selection criteria included being a high school teacher
currently employed by the Ministry of Education of Cyprus, and teaching introductory
computer science courses in high schools in Cyprus. These criteria provided a specific
population since there were around 400 computer science high school teachers employed
by the Ministry of Education in Cyprus at the time of the study.

By providing a detailed analysis of the assumptions, limitations and delimitations
of this study | am able to specify the scope and bounds of the study. The analysis of the
assumptions and the provision of mitigation procedures reduces potential bias in the

study.
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Significance of the Study

Contribution to Information Technology Practice

Student retention rates in computer science, worldwide, are very low, and this is
mostly due to the difficulties faced by students in understanding programming concepts
(Burmeister, 2015; X. Chen, 2013; Freeman et al., 2014). Using remote laboratories and
web services is one of the best ways to help students understand difficult concepts and
continue their studies in computer science (Hosack, Lim, & Vogt, 2012; Sarpong &
Arthur, 2013). In this study, | attempted to show that there is a relationship between
performance expectancy, effort expectancy, social influence, and facilitating conditions
and high school educators’ willingness to use remote robotic experiments. By
establishing such a relationship, high school teachers would realize that they can improve
their teaching methods by providing students with remote laboratory work without losing
time in the class. Remote robotic experiments could also free up more time for
discussions in class leading to a more productive and educationally enhanced process.
Implications for Social Change

This study provides potential for social change because it may increase student
retention in the field of computer science in Cyprus and the European Union. This
increase would lead to an increase of IT graduates, therefore lowering the deficit of IT
professionals that the European Union estimated for the year 2020 (Digital Agenda for
Europe, 2015). It may also reduce overall unemployment rates in Cyprus and Europe in

general.
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A Review of the Professional and Academic Literature

| identified the following types of literature to address the intention of high school
teachers to use remote robotic experiments in their classrooms. In the first section, |
identify the purpose of study, and then explain the concepts of problem-based learning,
remote experimentation, and remote robotic experimentation. Then | present the
theoretical framework that | used in this study and present an analysis of the independent
and dependent variables that | examined in the study. Finally, I review the measurement
methodology and finally the points of view and the relationship of this study to previous
studies are analyzed.

The literature review includes cited sources including research publications,and
peer-reviewed scholarly articles, focusing primarily on research within the past 5 years.
The primary search engines that | used in this literature review were Proquest, Google
Scholar Search, and the Walden library. The following terms were used singularly or in
combination: computer science education, STEM attrition, Problem-Based Learning,
remote laboratories, robot programming, technology acceptance and unified theory of
acceptance, and use of technology.

For this research study, | referenced 145 resources. One hundred and twenty four
(85.52%) of them were published after 2013 and 127 (87.59%) were from peer-reviewed
sources. Seventy-four (51.03%) of the references were included in the literature review
and from those, 65 (87.84%) of them were from peer-reviewed sources. Sixty-four
(86.49%) of the resources in the literature review were from sources published after

2013. The references include one doctoral dissertation and five government documents.
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Application to the Applied IT Problem

Purpose of Study

In this study, I aimed to evaluate the relationship between performance
expectancy, effort expectancy, social influence, facilitating conditions and the intentions
of high school computer science teachers in Cyprus to use remote robotic
experimentation in their classes. Several studies showed that Problem-based learning
(PBL) was important in the instruction of difficult concepts to students (Lykke, Coto,
Jantzen, Mora, & Vandel, 2015; O’Grady, 2012). Research has been conducted on how to
use robotic experiments in the classroom (Arlegui, Pina, & Moro, 2013; Casini, Garulli,
Giannitrapani, & Vicino, 2014; Jung, 2013). Research has been conducted on the use of
remote experiments that allows students to perform laboratory work online rather than in
the classroom (lonescu, Fabregas, Cristescu, Dormido, & De Keyser, 2013; Jara,
Candelas, Puente, & Torres, 2011; Lowe, Newcombe, & Stumpers, 2013; Marques et al.,
2014; Zalewski, 2013; Zubia & Gustavo, 2012). This technology provides the instructor
with more in-class time to teach difficult concepts while students experiment remotely.

In all of these research studies, the population they investigated was made up of
students and very rarely focused on the instructor teaching the course. The gap in the
literature was information on whether high school computer science teachers in Cyprus
would actually use remote robotic experiments in their classrooms and what the variables
that influence that decision were.

Problem-based Learning
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Problem-based learning (PBL) is an educational approach that puts the students in
the center of the learning process so they can take responsibility for how they learn
(Lykke et al., 2015; O’Grady, 2012). In PBL, students are presented with a complex
problem and then assigned into groups where they collaborate to identify the key issues
and use self-directed learning to solve the problem (Karantzas et al., 2013). Even though
PBL has been successfully used in different disciplines, it has not been widely used in
computer science, even though the computer science context is highly associated with
problem solving (O’Grady, 2012).

It is important in the classification of learning environments to identify all of the
characteristics before an approach can be classified as problem-based (Dolmans &
Gijbels, 2013). Five major characteristics differentiate PBL from other learning practices
(Scott, 2014):

1. Starting the whole PBL exercise with the statement of the problem

2. Students should direct their own learning throughout the PBL experience

3. At the end of the PBL experience the students should reflect on their

learning and experiences

4. Students should always work in small groups
5. The problem should be used in such a way that it would guide student
learning

Dolmans and Gijbels (2013) compared PBL environments to conventional
lecture-based environments, and found that the two main areas where they differed were

how students examined different ideas and shared those ideas with others. In a study
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comparing PBL and traditional lecture-based learning (LBL), students in the PBL group

learned faster than the LBL group and found many benefits in the PBL implementation,
including more enjoyable learning, more participation in learning, and better
interpretation of course content (Sangestani & Khatiban, 2013).

PBL has been in use for the past 30 years, encouraging students to develop
problem solving skills using real life practical problems. Computing has become the
second most prominent application of PBL after medical education (Tsai & Chiang,
2013). In an analysis of research studies involving PBL, O’Grady (2012) identified the
most prominent computer science topics that can benefit from PBL, and programming
was the most prevalent of those topics. In another study to evaluate the advantages of
PBL in computer science courses, the authors came to the conclusion that using PBL
enhanced the students teamwork and motivation (Martinez et al., 2014). PBL has been
found to improve creative thinking, self-evaluation, and self-regulation (Allchin, 2013;
Yoon, Woo, Treagust, & Chandrasegaran, 2014).

Educational robotics is hailed as a powerful and flexible teaching/learning tool
that allows teachers to seek new ways of teaching (Arlegui et al., 2013). Arlegui et al.
(2013) proposed a PBL approach to teach key competences at the primary school level.
They used virtual and physical robots to develop a new teaching approach that uses low
cost material, provides support to teachers, and allows students to participate in the
learning process. The results of the study showed that the students and their families were
very motivated to use robotics and teachers were able to teach the basic competences of

the primary school curriculum (Arlegui et al., 2013). In another study, students provided
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positive feedback about using PBL, stating that some of its advantages were collaborative
learning, better understanding, increased motivation to look up information
independently, and greater enjoyment of classes (Kong Pak-Hin, 2014).
Remote Experimentation

One of the biggest detriments to PBL is the amount of time students must spend
completing problems in class, since PBL requires student interaction and collaboration
(Kong Pak-Hin, 2014). In addition to time constraints, PBL-enhanced courses are
affected by requirements of equipment, space, and personnel needed to achieve the
necessary tasks (lonescu et al., 2013; Saad et al., 2013). The need for equipment means
that institutions need to spend a lot of money to purchase and maintain equipment in
order for several classes of students to be able to participate in the PBL-based courses.
Due to these constraints, two new educational methods have emerged that allow students
to perform problem-based learning activities outside of the classroom. These methods are
virtual or simulated labs and remote experimentation labs (Abdulwahed & Nagy, 2013).

A virtual or simulation-based lab provides students with virtual equipment that is
programmed to perform in the same way that physical equipment might perform.
Students use simulation software to complete their PBL tasks. The benefits of using
virtual experiments is that developers of simulators can adapt reality by removing
confusing details or by changing the time scale of the experiments (de Jong, Linn, &
Zacharia, 2013; Merchant, Goetz, Cifuentes, Keeney-Kennicutt, & Davis, 2014).

In a review of studies regarding the learning effects of computer simulations, the

authors found that computer simulations are an important addition to traditional teaching
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and improve student motivation and comprehension (Merchant et al., 2014). Further
research shows that the use of simulation learning is beneficial to students in that it
promotes context knowledge and develops process skills; however, this is only possible if
the appropriate support is given to the students during their studies (Mulder, Lazonder, &
de Jong, 2015).

Remote labs use physical equipment such as cameras, sensors, and controllers
located in a lab in the institution and viewed through webcams over high speed networks
(Lowe et al., 2013). The equipment is controlled using web interfaces and students can
see real feedback from the equipment and not simulated feedback. The benefits of using
remote experiments include the reduction in equipment needed, reduced maintenance
costs, and constant availability (Zubia & Gustavo, 2012).

Even though research has shown that there is no major advantage between virtual
and remote experiments (Abdulwahed & Nagy, 2013), the use of remote experiments is
more appropriate for situations that require students to deal with imperfect data (de Jong
et al., 2013). Students using remote experiments can practice and learn by observing real
errors or problems that come from using a real system, but do not exist in simulations
(Chaos et al., 2013; Jara et al., 2011). In a survey based on the development of a remote
laboratory, 78% of the students agreed that the remote lab should be a complement to
physical lab practices, with 100% rating the remote labs as quite useful and 77% as very
useful and extremely useful (Barrios et al., 2013). In other studies comparing remote labs

and simulations, students were more engaged when completing a remote lab because they
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felt that they were working on a real experiment and not a simulation (Sauter, Uttal,
Rapp, Downing, & Jona, 2013; Stefanovic, 2013).
Remote Robotics Experimentation

The use of remote experiments for teaching and research has been gaining
momentum over the past few years, allowing students to work with real experiments
rather than using simulations (Casini et al., 2014). With the increasing deployment of
learning management systems (LMS) such as Moodle and Blackboard, the use of remote
experiments is becoming more widespread, which allows students to book a time slot and
gain access to the remote system (Chaos et al., 2013).

Robotics research has grown exponentially during the past few years and the
future of the robotics industry is predicted to have a significant increase (Kulich et al.,
2013; Padir & Chernova, 2013). Robotics can also be helpful in teaching computer
science and engineering concepts, and using robotics can increase teacher confidence and
knowledge, allowing the integration of robotics into the curriculum (Arlegui et al., 2013).
Chaos et al. (2013) identified autonomous robots as an area in which remote experiments
can be applied if problems such as the use of a well-known interface, the availability of
the robots, and the scheduling of the booking system are considered.

Deployment of a remote robotic experiment requires the use of a teleoperation
server connected to a web server from which students are able to monitor the remote lab
and observe the changes occurring in real time (Casini et al., 2014; Jara et al., 2011).
Researchers have adapted LMS platforms to include scheduling systems where students

can book the use of the remote robot lab at any time, which increases the number of
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students that can benefit from practicing on the labs (Abdulwahed & Nagy, 2013; Casini

et al., 2014; Zalewski, 2013). The most prominent robotic platforms used in remote
robotic experiments are based on robotic arms; however, more recently, the use of
remotely controlled mobile robots such as LEGO Mindstorms NXT or EV3 is becoming
more frequent (Arlegui et al., 2013; Jung, 2013; Kulich et al., 2013).

One of the issues limiting the use of remote robotic experiments is the lack of
configurability on the remote robot (Verbelen, Taelman, Braeken, & Touhafi, 2013). This
can be a problem when students want to work on different types of robots, requiring the
lab to have one of each of the robots available for students. Verbelen et al. (2013) are
working on developing reconfigurable and modular mobile robotic platforms to be used
in remote experiments that will allow students to reconfigure both the hardware and
software of a robot, which would allow students to work on their own individual robot
designs. Another issue that is not addressed by remote robotic experiments is the
collaborative nature of problem-based learning. Due to the fact that remote experiments
are performed mostly individually with limited communication through forums and chat
rooms, PBL is not always possible (Maiti, Maxwell, & Kist, 2014).

Using remote robotic experiments allows students from various geographic areas
as well as varying educational backgrounds to have access to state-of-the-art equipment
and be able to interact and learn through practice (Heradio et al., 2016). Educational
institutions that have robotics courses integrated into their curriculum can benefit from
using remote robotics experiments that are offered online since the institutions do not

need to invest a lot of money to purchase large amounts of robotic platforms and
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maintain them (Lowe et al., 2013). In addition to financial benefits, the remote labs can
also be offered to local schools with not access to expensive robotic setups, allowing
children to experiment with robots and increasing their level of interest in robotics and
consequently in computer science (Jung, 2013).

In order to facilitate competition-based learning and multi-user access to the
remote robotic labs researchers developed frameworks of multiple autonomous robots
that can be controlled by multiple users at the same time (Casini et al., 2014).
Researchers have also developed a web interface that allows students and other
researchers to program robots using the Robot Operating System (ROS) allowing
seamless execution of the ROS code through a remote browser (Casan, Cervera,
Moughlbay, Alemany, & Martinet, 2015).

Critical analysis and synthesis of theoretical framework

Whenever a new technology is introduced there is a concern on whether the
intended users will actually use the technology. To ensure user acceptance, several
theories have emerged that try to identify the key influences on acceptance of a specific
technology (Williams, Rana, & Dwivedi, 2015). As a solution to this problem several
models were introduced that tried to identify the factors affecting the end user acceptance
of a technology such as the Theory of Reasoned Action (TRA), technology acceptance
model (TAM), Motivational Model (MM), Theory of Planned Behavior (TPB), and many
others (Oye, A.lahad, & Ab.Rahim, 2014). The basic concept of user acceptance models
is that each individual user of a technology has several reactions towards the technology

which influense that person’s intention to use it (VVenkatesh et al., 2003). That intention
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can then be correlated to the actual use of the technology in question. All the models
work in predicting the intention to use a technology so that organizations can make better
decisions on whether to implement the technology (Williams et al., 2015).

Technology acceptance model. One of the earliest models is the technology
acceptance model (TAM) introduced in 1985 by Fred Davis (Maranguni¢ & Grani¢,
2015). TAM tries to address the reasons why users accept or reject information
technology by adapting the Theory of Reasoned Action (TRA) shown in Figure 2. The
theory of reasoned action states that the beliefs and evaluations of end users, along with
the normative beliefs and motivations of the users have a direct influence of the users’

behavioral intention to use a technology.

Beliefs and Attitude toward

Evaluations | > Behavior \
Normative Beliefs Subjective /v
—»

And motivation to | Norm
comply

Behavioral Actual
Intention > behavior

Figure 2. Theory of reasoned action. This figure shows factors affecting Behavioral
intention and ultimately Actual behavior. (Reprinted from Legris et al., 2003)

The original TAM shown in Figure 3 indicates how external variables influence a
user’s perceived usefulness and perceived ease of use and how those two variables
influence the attitude of the user towards a technology (Abdullah & Ward, 2016). In
studies, both variables have been proven to be reliable with a value greater than 0.90 in

Cronbach’s Alpha reliability measure (Wallace & Sheetz, 2014). Cronbach’s alpha is
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used to evaluate the internal consistency of survey instruments and a minimum of .8 is
deemed an acceptable threshold for reliability (Field, 2013). This attitude is related to the
behavioral intention to use a technology and finally to the actual use of the information
technology. Using TAM, organizations can predict if their employees will accept a new
technology and based on that information they can decide whether they should spend the
time and money to implement it. If the organization still wants to implement a technology
after it has identified a negative behavioral intention then the organization may need to
alter the end user perception of the technology through informational meetings or training

seminars that will increase the users’ perception of usefulness and ease of use.

Perceived
/+ Usefulness \A\b

Attitude Behavioural Actual
External o I Intention to I System
Variables Towards use Use
Perceived /
ease of use

Figure 3. Original technology acceptance model (Reprinted from Legris et al., 2003)

In the original TAM, Davis made two major changes to the TRA and TRB models
first by dropping the subjective norm variable and second by using two distinct
constructs, namely perceived usefulness and perceived ease of use (Maranguni¢ &
Grani¢, 2015). But in a later study, the TAM model was extended to include additional
factors that include subjective norm to help identify the factors that influence perceived
usefulness (Venkatesh & Davis, 2000). Figure 4 shows the proposed TAM 2 extention

with the variables that may influence perceived usefulness. The figure shows that there
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are several factors influencing perceived usefulness, such as subjective norm, image, and

job relevance and Venkatesh and Davis (2000) examine each of these to see how they

affect the perceived usefulness of a technology. In the original TAM the model was able

to consistently explain approximately 40% of usage intentions and behavior but the new

TAM2 model accounts for 34%-52% in usage intentions (Venkatesh & Davis, 2000). To

measure the usefulness perceptions and user intentions Venkatesh and Davis (2000)

evaluate four longitudinal studies using interviews and questionnaires in three points in

time: after initial training, one month after implementation and three months after

implementation. They then measured usage behavior at one month, three month and five

month intervals leading to TAM2 explaining up to 60% of perceived usefulness.
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Figure 4. Proposed TAM2—Extension of the Technology Acceptance Model (Reprinted

from Venkates

h & Davis, 2000)
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Unified theory of acceptance and use of technology. Even with the new TAM2,
the model is able to predict technology adoption success between 30-50% of the cases
(Oye et al., 2014; Venkatesh & Davis, 2000). This leads researchers to try to find a model
that would more accurately predict technology adoption. Venkatesh, Morris, Davis and
Davis (2003) introduced the unified theory of acceptance and use of technology
(UTAUT) with the ultimate goal of predicting technology adoption at a higher rate than
TAM and TAM2.

In their study, Venkatesh et al. (2003) evaluated eight existing models, namely the
Theory of Reasoned Action (TRA), the technology acceptance model (TAM), the
Motivational Model (MM), the Theory of Planned Behavior (TPB), the Combined TAM
and TPB (C-TAM-TPB), the Model of PC Utilization (MPCU), the Innovation Diffusion
Theory (IDT) and finally the Social Cognitive Theory (SCT). For all of the models,
Venkatesh et al. (2003a) measured the effects of all the independent variables and how
they predicted behavioral intention. In the analysis of the technology acceptance models,
Venkatesh et al. (2003a) found out that TRA had an R-squared value of .36, TAM .53,
MM .38, TPB .36, C_TAM-TPB .39, MPCU .47, IDT .40 and SCT .36. The R-squared
value represents how well the model fits the data and the higher the number the bigger
the effect (Gaskin & Happell, 2014). This makes TAM the best fit for predicting intention
to use a technology (Venkatesh et al., 2003).

Out of all the variables examined, four were deemed to have the most impact on
accurately predicting the intention of end-users to use a technology (Figure 1). UTAUT

uses performance expectancy, effort expectancy, and social influence to determine the
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behavioral intention and along with facilitating conditions to further determine the use
behavior of an end-user. Each of these variables can be affected by secondary variables
such as gender, age, experience and voluntariness of use (Venkatesh et al., 2003). Using
UTAUT in the same studies as the previous models shows that UTAUT has an adjusted
R-squared value of .70 that is a major improvement over the other models. UTAUT also
determines use intention using four main constructs and four moderators out of the initial
set of 32 constructs (Venkatesh et al., 2003).

Supporting theories. There are a number of theories available to predict
technology acceptance by end-users. The Theory of Reasoned Action uses the positive or
negative attitude of a person towards the technology and subjective norm. Subjective
norm is the perception of the user of whether people in his environment expect him to use
the technology. The technology acceptance model uses perceived usefulness, perceived
ease of use and subjective norm. UTAUT evaluated several behavioral intention models
to determine four main constructs that more accurately predict someone’s intention to use
a technology. There are several new theories that support the use of UTAUT by
extending it to predict intention in different environments and showing that the
framework is applicable to different genders, cultures and IT competencies (Alaiad &
Zhou, 2014; Bhatiasevi, 2015; Maillet, Mathieu, & Sicotte, 2015).

Maillet, Mathieu and Sicotte (2015) identify end-user acceptance and satisfaction
as critical factors for successfully implementing a technology such as electronic patient
records. The authors use an extended UTAUT to measure the acceptance and actual use

of electronic patient records by nurses. The difference of the study compared to the
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original UTAUT maodel is based on the fact that UTAUT evaluates the intention to use a

technology but the study wanted to measure the actual use of the technology since
electronic patient records have already been implemented. The study used a questionnaire
made up of 53 questions relating to compatibility of the electronic patient record, self-
efficacy, performance expectancy, effort expectancy, social influence, facilitating
conditions, actual use and nurse satisfaction. The results supported 13 out of the 20
hypotheses confirming many of the UTAUT variables influence on actual use and
satisfaction of using electronic patient records by nurses (Maillet et al., 2015).

Venkatesh, Thong and Xu (2012) introduce UTAUTZ2, an extension of UTAUT
that studies consumer acceptance and use of technology. By examining a specific context
like consumer intention, the authors can identify new constructs that can serve as accurate
predictors of intention. The authors integrated three new constructs into the original
UTAUT model to adapt the model from just measuring initial acceptance to include
context habit. The first construct introduced is hedonic motivation, which is the measure
of fun or pleasure a consumer gets from using a technology (Raman & Don, 2013).
UTAUT?2 also includes price value since the cost of the technology falls to the consumer
and not the organization that is implementing the technology like the original UTAUT.
Finally, experience and habit is included based on how experienced a consumer is with a
technology and how habitual learning influence the consumer’s intentions (\Venkatesh,
Thong, & Xu, 2012). Ain, Kaur and Waheed (2015) found that UTAUT did not consider
student perceived value in terms of learning and associated fun and pleasure. To bridge

this gap the authors used UTAUT?2 and added learning value in the place of price while
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keeping the hedonic motivation and experience and habit constructs. The study utilized
surveys given at a university that used Moodle as an LMS and from the 49.3% response
rate they found that performance expectancy, social influence, and learning value were
good predictors of the behavioral intention of students to use an LMS (Ain et al., 2015).
UTAUT has also been extended to provide insight on technology acceptance in
educational environments (Buchanan, Sainter, & Saunders, 2013; P. C. Lin et al., 2013;
Nistor, Gogiis, & Lerche, 2013). The Education behavioral intention model (EduBIM)
extends the UTAUT model through the integration of cognitive individual differences
that affect demographic moderators (P. C. Lin et al., 2013). Lin, Lu and Liu (2013)
examined several behavioral intention models such as TRA, TAM, TAM2, TPB and
UTAUT and concluded that UTAUT was a better metric for behavioral intention.
EduBIM enhances UTAUT by including a measure of fit between learning styles and
teaching styles. This is included in the demographic constructs providing a measure of
self-reporting learning style and perceived teaching style, which can provide information
on Learning-Teaching fit and ultimately on behavioral intention (P. C. Lin et al., 2013).
Yeuh, Huang and Chang (2015) extended the UTAUT model to examine collaborative
learning using Wikis. The authors found that the UTAUT model was more suitable than
TAM due to its inclusion of social influence and facilitating conditions. In their study, the
authors provided students with the actual technology and then measured the actual use of
the Wiki and correlated it with the behavioral intention to continue using the Wiki in the

future (Yueh, Huang, & Chang, 2015).
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Contrasting Theories. One of the oldest social science theories that aims to
explain adoption of a new idea or technology is the Diffusion of Innovation (DOI) theory
developed by E. M. Rogers (Sahin, 2006). DOI studies the way innovation occurs and
identifies four stages that innovation goes through until it is accepted. The four stages are
innovation, communication channels, time and social systems (Sahin, 2006). In order for
diffusion to occur there must be certain users who adopt the innovation at various stages
of its lifetime. These stages follow each other and begin with the knowledge stage where
an individual learns about an innovation, then move to the persuasion stage where the
individual has a positive or negative view of the innovation, followed by the decision
state where the individual choses to adopt the innovation or not (Sahin, 2006). After the
user decides whether to adopt the innovation the implementation stage follows where the
specific innovation is put into practice and then finally the confirmation stage has the
adopter seek approval from others for making the decision that he made (Sahin, 2006).

Another model that is based on the Diffusion of Innovation theory is the
Information Systems diffusion variance model (Agarwal & Prasad, 1998). Agarwal and
Prasad (1998) define a new construct named personal innovativeness, which is a measure
of end users to adopt information technology innovations faster than others. In a review
of three models including personal innovativeness, the unified theory of acceptance and
use of technology and a combination of all theories personal innovativeness showed no
significant effect on behavioral intention but showed a strong relationship with all of the
mediators (Jackson, Yi, & Park, 2013). Jackson, Yi and Park (2013) showed that the

integrated model combining personal innovativeness with performance expectancy, effort
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expectancy, facilitating conditions and social influence provided the most complete
understanding of the influence to behavioral intention.
Critical analysis of studies related to the theory/conceptual models

There are several theories that are investigating technology acceptance but the
most widely used models are the Theory of Reasoned Action (TRA), the Theory of
Planned Behavior (TPB), the technology acceptance model (TAM) and the unified theory
of acceptance and use of technology (UTAUT) (Teo, 2013). UTAUT was shown to
outperform several other technology acceptance models (Venkatesh et al., 2003) but even
though the model has been widely used there are still concerns on the significance of the
relationships amongst the model (Taiwo & Downe, 2013). Taiwo and Downe (2013)
reviewed a number of studies that used the UTAUT model where the constructs used in
the model were found to significantly predict the intention to use a technology.
Contrasting to the positive reviews of UTAUT there are also some studies that found
some of the constructs to have little to no influence on predicting intention (Taiwo &
Downe, 2013). In their study, Taiwo and Downe (2013) used a meta-analysis
methodology in which they collected data from numerous articles and then analyzed them
using the six variables identified in UTAUT. The variables are performance expectancy
(PE), effort expectancy (EE), social influence (SlI), facilitating conditions (FC),
behavioral intention (BI) and use behavior (UB). The results of the study showed that
there was a 0.5361 correlation between PE and Bl showing a medium effect size. All the
other correlations, EE-BI, SI-Bl, FC-BI, BI-UB, had a small effect size but the results

were consistent with the original UTAUT study (Taiwo & Downe, 2013).
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In a comprehensive review of UTAUT, Williams, Rana and Dwivedi (2015)
identified a number of limitations that UTAUT has across several studies examined.
These limitations included the fact that most research was focusing on a single subject in
terms of community, culture, country, organization, agency, department, person or age
group. According to the authors’ research, this is a key constraint to UTAUT that limits
the generalization of the results. Williams et al. (2015) also noted that this problem of
generalization is also supported by the sample size of the studies. The authors also noted
that even though UTAUT examined eight other intention models and showed that it
outperforms those models, those models are still being used with the technology
acceptance model coming second while the Theory of Planed Behavior comes third. The
authors attribute the frequent use of TAM to having greater maturity over UTAUT since
the number of papers using UTAUT since its inception is relatively low (Williams et al.,
2015). Even though TAM has been more frequently used by researchers there is a gradual
increase in the use of UTAUT in research related to predicting user intention (Bhatiasevi,
2015).

Critical analysis and synthesis of independent variables

UTAUT uses four core constructs to determine a person’s intention to use a
technology. These constructs are: performance expectancy, effort expectancy, social
influence and facilitating conditions (Venkatesh et al., 2003). UTAUT condensed the 32
variables found in eight existing technology acceptance models to four main factors and
four moderating factors increasing the efficiency of use behavior prediction to 70% (Oye

etal., 2014).
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Performance expectancy (PE). Every person has a measure of how a certain
technology can help that person increase his job performance (Alotaibi & Wald, 2013).
Several studies have shown that there are similarities in constructs such as usefulness and
extrinsic motivation, usefulness and job-fit, usefulness and relative advantage, usefulness
and outcome expectations and job-fit and outcome expectations (Venkatesh et al., 2003).
PE has the highest effect on behavioral intention making it the most important construct
in UTAUT for predicting technology use (Taiwo & Downe, 2013; Venkatesh et al.,
2003). In an analysis of literature relating to UTAUT performance expectancy was the
most significant predictor of behavioral intention with a weight of 0.80 (Williams et al.,
2015).

Effort expectancy (EE). Effort expectancy is defined as the amount of effort a
person is expecting to expend when transitioning to the new technology introduced or the
degree of ease that is associated with using the technology (Alotaibi & Wald, 2013;
Venkatesh et al., 2003). This variable was used in several other behavioral models such
as TAM and TAM2 (Davis, 1989; Venkatesh & Davis, 2000). The critical point where
EE is mostly significant is at the early stages of adoption of a technology rather than at
later stages since it is more difficult to use a technology when it is experiencing
transitioning issues (Venkatesh et al., 2003). In this study, EE may play a significant role
because remote experimentation has not been introduced yet and the teachers may not be
aware of the amount of effort they will allocate to accomplish their tasks. Williams et al.
(2015) found effort expectancy to have the least significance to predicting behavioral

intention with a weight of 0.58 (Williams et al., 2015).
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Social influence (S1). Humans, being social beings, are influenced by the views
of others and technology acceptance is also biased by others. In the case of technology
acceptance a user may be influenced by people that are important to him and who believe
that the person should use the system (Venkatesh et al., 2003). As Venkatesh et al. (2003)
state a user’s decision to use a technology is also affected by how influential the
technology is to enhancing the image and status of the user within the social system.
Some studies dispute the impact of SI on a user’s intention to use a technology (Lin,
Zimmer, & Lee, 2013; Raman et al., 2014; Wong, Teo, & Russo, 2013). On the other
hand, there are studies that show that Sl is one of the most important variables in
behavioral intention (Chen & Chen, 2015; Tosuntas, Karadag, & Orhan, 2015) especially
in STEM professions (Nistor et al., 2013). Another study reviewing the relationships
between the major UTAUT variables found Social influence to have the second highest
significance in predicting behavioral intention, after performance expectancy, with a
weight of 0.75 (Williams et al., 2015).

Facilitating conditions (FC). Facilitating conditions deal with the degree to
which the end user believes that the organizational and technical infrastructure exists to
support the system (Alotaibi & Wald, 2013; Maillet et al., 2015). Facilitating conditions
include technical and organizational support for the technology such as having the
appropriate hardware, software, training and support (Khechine et al., 2014; Oye et al.,
2014; Tarhini, Hone, & Liu, 2013). This is considered extremely important since it deals
with the challenges related to integrating a technology in an organization and this may

influence a person’s intention to use a technology (Maillet et al., 2015). Facilitating
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conditions can have a relationship between the behavioral intention and the use intention
of an individual to use a technology and in both cases the weights of significance were
0.69 and 0.67 respectively, putting the significance higher than effort expectancy but
lower than performance expectancy and social influence (Williams et al., 2015).
Critical analysis and synthesis of dependent variables

The first dependent variable that is examined using the unified theory of
acceptance and use of technology (UTAUT) is behavioral intention (BI) (Venkatesh et
al., 2003). Behavioral intention is said to be influenced by performance expectancy, effort
expectancy and social influence. Adding facilitating conditions to Bl provides
information towards the Use Behavior (UB) which is the dependent variable that this
study is aiming to determine. Some studies assume that behavioral intention accurately
predicts use behavior and focus more on explaining behavioral intention taking use
behavior for granted (Agudo-Peregrina, Hernandez-Garcia, & Pascual-Miguel, 2014).
Agudo-Peregrina et al. (2014) suggest that there is no significant relation between
behavioral intention and use intention but note that this is true in the presence of habitual
behaviors.
Measurement of variables

This correlational quantitative research study utilized survey questions using a
Likert-type scale which would provide a numerical basis on which statistical procedures
can be used to identify the correlations between the UTAUT variables (Fink, 2013). The
validity of the variables were assured by using validated survey questions from previous

research using UTAUT (Venkatesh et al., 2003).



33

Compare and contrast points of view and relationship of the study to previous
research and findings

The purpose of this research study was to evaluate the relationship between
performance expectancy, effort expectancy, social influence, facilitating conditions and
the intention of computer science high school teachers in Cyprus that teach introductory
computer science course, to use remote robotic experiments in their classrooms. Several
research studies dealt with the benefits of remote experiments and even remote robotic
experiments in the classroom (lonescu et al., 2013; Lowe et al., 2013; Marques et al.,
2014; Zalewski, 2013; Zubia & Gustavo, 2012). There were also research studies that
evaluated the behavioral intention of teachers to use a certain technology in their
classroom (Oye et al., 2014; Raman & Don, 2013; Wong et al., 2013). The gap in the
literature was the evaluation of the behavioral intention of computer science high school
teachers in Cyprus to use remote robotic experiments in their courses and the variables
that might influence that intention.

Table 1 presents previous research that had been done in the area of remote
experiments, robotics and technology acceptance. The studies presented showed that
there existed research in all parts of the study but none of them tackled high school
teachers and their intention to use remote robotic experiments in their introductory
computer science courses. Research studies discussed the use of problem-based learning
especially using robotics to enhance learning with an emphasis on student acceptance
rather than teacher willingness to use the technology (Arlegui et al., 2013; Jara et al.,

2011; Jung, 2013).
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On the other hand, research was also done on the behavioral intention of students
to use technologies in their learning process (Barnes, 2013; Cheung & Vogel, 2013; Tan,
2013). The scope of this study though was to investigate the behavioral intention of
teachers to use different types of technologies in enhancing their educational
environments (Buchanan et al., 2013; Schoonenboom, 2014; Teo & Noyes, 2012).

The third area that this study explored was the use of remote experiments in an
educational environment. Remote experimentation has proven to be extremely beneficial
to the learning process of students as well as providing educators with huge benefits like
providing problem-based learning outside of the class time (lonescu et al., 2013; Lowe et
al., 2013; Marques et al., 2014; Zubia & Gustavo, 2012). By using remote
experimentation, educators can allow students to perform live experiments online using
web technologies and at times that do not interfere with class schedules (Jara et al.,
2011).

This leads to the gap in the literature, which could be defined as a lack of research
to evaluate the behavioral intention of high school teachers to use remote experiments
involving robots in their introductory computer science courses. In addition to this, there
was also an additional constraint where the geographical scope of the study dealt with the
island of Cyprus. Extending the geographical scope of the research to other countries
might not have been applicable because the educational systems differ from country to
country and the views of teachers in another geographic location might have been

different from the views of the teachers in Cyprus. The study can nevertheless be
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extended in the future to include other levels of education in Cyprus such as elementary

education and tertiary education.
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Previous Research on the behavioral intention of High School Teachers in Cyprus to Use

Remote Robotic Experiments in Introductory Computer Science Courses

Author/Date Bl RE Bl to use RE Significant Findings
with robots
Arlegui, Pina, No No No Teachers and students are very
& Moro (2013) motivated to use problem-based
learning using either virtual or
physical robots.
Lowe et al., No Yes No Students perceive remote access
(2013) experiments as valid practical
experience.
Jaraetal., No Yes No RE improves student
(2011) experimental learning through
the continuous availability of
the virtual equipment.
Theoretical results compared
with practical results.
O’Grady, No No No Adoption of PBL is based on
(2012) faculty members own decision
to introduce it and this can only
change if key actors like
students and teachers as well as
key stakeholders perceive the
benefits of PBL.
Oyeetal., Yes No No The study validates the UTAUT
(2014) model to predict the behavioral

intention of academicians in the
use of Information and
Communication Technologies.

Note. Bl = behavioral intention. RE = remote experiments. PBL = problem-based

learning.
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Transition and Summary

Section 1 introduced the problem tackled by this research study and presented
information about the background of the problem. The section presented the problem
statement, the purpose statement leading to the research question that related to an
applied information technology issue and finally introduced the hypothesis that the study
tried to examine. Additional information regarding the nature of the study as well as the
significance of the study to information technology and how it influences social change
was presented. The literature review ends the section with an in-depth description of the
theoretical framework that was used and how it was applicable to the problem described.

Section 2 restates the problem and provides important information about the
research methodology that was chosen for this study. The section provides information
on the role of the researcher, the target population and the sample that was involved in
the study followed by the data collection technique, data organization, data analysis, and

a statement on reliability and validity.
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Section 2: The Project

Based on data presented by the Grand Coalition for Digital Jobs, up to 825,000
vacancies for professionals in the ICT could be unfilled by 2020 (Digital Agenda for
Europe, 2015). In the United States it was estimated that an extra one million science,
technology, engineering and mathematics(STEM) professionals would need to enter the
workforce in the next decade in order for the United States to remain competitive in the
global market (Chen, 2015). Researchers found that this need for more ICT professionals
lead to the need to keep more students in the field of computer science, since there was a
very high attrition rate in the field (Chen, 2013). Research studies examined the reasons
why students were leaving STEM to move to other fields or stopped their studies
completely (Chen, 2013, 2015; Stinebrickner & Stinebrickner, 2014). Some of the
reasons for STEM attrition were poor performance in STEM courses compared to non-
STEM courses, weak focus on STEM courses in the first year, and poor precollege
academic preparation (Chen, 2013, 2015). Based on reasons related to STEM attrition,
researchers examined how educators could enhance their teaching methods to increase
the number of students graduating in the field by using active learning in introductory
courses, introducing laboratory exercises, and promoting group work (Graham, Mark J.;
Frederick, Jennifer; Byars-Winston, Angela; Hunter, Anne-Barrie; Handelsman, 2013;
Sarpong & Arthur, 2013).

In Section 2, | present the methodology that | used in my study, the purpose
statement, and by my role as a researcher in this study. After that, | present my target

population, the sample, and a description of the research method and design. Lastly, | will
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discuss the data collection methodology, including my data collection instruments, the
data analysis, and a brief discussion on the reliability and validity of my research study.
Purpose Statement

The purpose of this study was to investigate the relationship between performance
expectancy, effort expectancy, social influence, facilitating conditions, and the behavioral
intention of high school teachers teaching introductory computer science courses to use
remote robotic experiments. This study collected data from computer science high school
teachers in Cyprus and analyzed the data to see whether the aforementioned independent
variables could influence the teachers’ intention to use remote robotic experiments in
their classrooms. The implications for positive social change are that high school teachers
might react more positively to the introduction of remote robotic experimentation
techniques in their classrooms, leading to an increase in computer science graduates and
ICT professionals.

Role of the Researcher

The role of a researcher includes networking, collaboration, the management of
research, the undertaking of basic or applied research, publication, and the evaluation of
research (Kyvik, 2013). My role as a researcher required me to focus on managing,
implementing, and evaluating my research. Researching remote robotic laboratory use
was an area of extreme importance to me. | had been teaching computer science courses
for more than 10 years and had been involved with robotics in education for the past 5
years before this study. This might have resulted in problematic bias because of my own

views on the subject and because individuals involved in the study knew me as an
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academic with a background in robotics. It is important for the researcher to identify
researcher bias in data collection and try to eliminate it (Cokley & Awad, 2013).
Researcher bias can be mitigated through the use of anonymous data collection
techniques (Judkins-Cohn & Kielwasser-Withrow, 2014; Regan, 2013; Roberts & Allen,
2015).

The Belmont report requires a researcher to adhere to three main principles:
respect for persons, beneficence, and justice (National Institutes of Health, 1979). To
safeguard the principle of respect for persons as defined in the Belmont report (National
Institutes of Health, 1979), a researcher needs to ensure informed consent by providing
all the necessary information to the participant with respect to the study and the data
collection procedure (Judkins-Cohn & Kielwasser-Withrow, 2014). Another issue that
needs to be addressed to ensure informed consent it the evaluation of the risks involved
due to dual roles which may influence the participants (Regan, 2013). Dual roles refer to
cases where the researcher is also directly involved with the participant as a teacher for
example (Regan, 2013). In addition to the anonymous collection of data, I also stated on
the participant consent form that the information provided would be used as part of my
doctoral study research and separate from my role as a university lecturer.

Part of my role as a researcher was to ensure the validity of the study. The
instrument that I used in this research study was based on the UTAUT instrument used in
previous research studies and repurposed to align with my own study. Written permission
to reuse the survey instrument proposed by Venkatesh et. al. (2003) was given by both

the author, Dr. Viswanath Venkatesh, and the MIS Quarterly publication (Appendix E).
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After receiving IRB permission to conduct the study, I requested that the Cyprus
Computer Science Teachers Association send an official email to all the participants that
included a short introduction to the study, which clearly stated what the research was
about and how the data provided would be used in the study. The email informed the
recipients of the anonymity of the study and provided information about how data would
be protected as well as the link to the online survey as required by the Belmont Report
(National Institutes of Health, 1979). The use of an online survey ensures the anonymity
of the respondents if it does not track or record any identifying information (Roberts &
Allen, 2015). In my survey instrument (Appendix F), I did not collect any identifying
information and this ensured the anonymity of the participants.

The results showing the intention of high school computer science teachers in
Cyprus to use remote robotic experiments in their courses were made available to the
Cyprus Ministry of Education and to the all the participants of the study in the form of a
presentation. The participants in my study were high school computer science teachers
and no identifying information was gathered during data collection. The Belmont report
(1979) divided the respect for persons principle to two moral requirements, one of which
was the protection of people with diminished autonomy. This research study involved no
human subjects from vulnerable groups.

Participants

There were approximately 400 middle and high school teachers of computer

science employed by the Cyprus Ministry of Education and Culture at the time of the

study. These teachers made up the target population of my study. The number of eligible
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participants was small. Small populations require a large sample in order for the
confidence level to be high enough (Cokley & Awad, 2013; Fincham & Draugalis, 2013;
Schénbrodt & Perugini, 2013). To ensure that the sample of survey responses that |
received was adequate for analysis, | sent the survey to all of the high school computer
science teachers in Cyprus, which made my accessible population equal to my target
population.

The Cyprus Computer Science Teachers Association provided access to the
participants that participated in the survey. To get access to the participants | contacted
the Cyprus Computer Science Teachers Association president and requested that they
forward my invitation email to all their members. The association sent the survey through
its own mailing list after | had the approval of the association board to conduct the
research study. Distributing the survey through a sponsor can positively influence the
nonresponse bias, which is the bias between respondents and nonresponders (Groves et
al., 2012). Using the association to distribute the email with my survey request increased
my chances to reach the required number of responses. To ensure the protection of the
participants, the survey was anonymous and the email explained the research and
provided a link to the survey instrument and a note that no identifiable data would be
collected. Providing informed consent and anonymity protects human research
participants as required by the Belmont report (Judkins-Cohn & Kielwasser-Withrow,
2014; Regan, 2013; Roberts & Allen, 2015). In this study, | provided the participants

with all the required information about the study and survey and ensured their anonymity.
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The eligibility criteria for participant participation were: being a high school
teacher in the area of computer science and being registered at the Ministry of Education
and Culture in Cyprus at the time of the study. Based on ministry regulations, a
secondary education teacher must at a minimum hold a 4-year bachelor’s degree in the
subject of specialization (UNESCO International Bureau of Education, 2012).

Research Method and Design

The objective of this study was to evaluate if a relationship existed between the
intention of high school teachers in Cyprus that teach introductory computer science
courses to use remote robotic experiments and performance expectancy, effort
expectancy, social influence, and facilitating conditions. In order to accomplish this goal,
| used a correlational quantitative research design. Correlational research is used by
researchers that are interested in discovering relationships between variables (Castillo-
Page & Bunton, 2012; Turner, Balmer, & Coverdale, 2013). The theoretical framework
used in this study examined four distinct independent variables and their relationship with
behavioral intention as a dependent variable (Venkatesh et al., 2003). Since there was no
treatment and the primary purpose of the study was to examine relationships between
variables in a single group, | deemed the correlational design appropriate (Keele, 2011).
Method

When conducting research there are two main paradigms that prevail, namely
qualitative and quantitative research methods (Venkatesh, Brown, & Bala, 2013). In
qualitative research, researchers try to understand how and why events or behaviors

occur. Qualitative research, is based on developing concepts and theories using either an
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inductive or a deductive content analysis approach (Elo et al., 2014; Sanchez-Algarra &
Anguera, 2013; Yilmaz, 2013). Researchers using quantitative designs are more
interested in how many, how often, at what level, and in what direction relationships exist
between variables (Castillo-Page & Bunton, 2012). A third research design methodology
is mixed methods, which combines both qualitative and quantitative methods (Venkatesh
etal., 2013).

When the research question involves the identification of relationships between
known independent variables and a dependent variable, a correlational quantitative
methodology can be used (Castillo-Page & Bunton, 2012; Nathans, Oswald, & Nimon,
2012; Turner et al., 2013). Because this study examined the relationships between
performance expectancy, effort expectancy, social influence, facilitating conditions, and
the behavioral intention to use a technology the correlational quantitative methodology
was deemed as appropriate. In a literature review of research done using the unified
theory of acceptance and use of technology (UTAUT), the quantitative method was
widely used (Williams et al., 2015). Tarhini, Hone, and Liu (2013) studied user
acceptance of web-based learning systems and used a correlational quantitative method to
test their proposed model that extended the TAM by adding social, institutional, and
individual variables. Furthermore, Sanchez-Algarra and Anguera (2013) stated that
traditionally, quantitative research methods were used to measure and verify relationships

between concepts derived from a theoretical framework.
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Research Design

The research method that | selected for this study was a correlational quantitative
approach in which I analyzed the relationships between performance expectancy, effort
expectancy, social influence, facilitating conditions, and the intention to use a
technology. In this research study, I collected data using surveys given to high school
computer science teachers who taught introductory programming courses in Cyprus.

An experimental or quasi-experimental research design is based on a specific
treatment applied to the sample population (Keele, 2011; Wells, Kolek, Williams, &
Saunders, 2015). Turner (2013) stated that quasi-experimental or experimental design
studies observe cause and effect relationships, which means that a study would need to
introduce the cause and then examine the effects of that introduction. In this study, no
specific treatment was introduced to the participants to measure the effects of that
treatment so an experimental or quasi-experimental design was not suitable for this study.

Another research method examined for use in this study was the descriptive
research method. The descriptive research method is based on the concept of “what is
happening” rather than “what is causing it” (Behdad, Berg, & Vance, 2013; Giorgi, 2012;
Sousa, 2014). In a descriptive design study, the researcher attempts to analyze data to
describe a phenomenon and then identify its characteristics (Nassaji, 2015). In this
research study I already had knowledge of the independent variables that were going to

be examined and therefore the use of a descriptive research method was not suitable.
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A correlational quantitative design was more appropriate than experimental,
quasi-experimental, and descriptive designs because | examined relationships of known
variables without the introduction of a specific treatment to the participants in the study.

Population and Sampling

| collected data from high school computer science teachers who were the general
population of the study. The specific geographic area of the population was the island of
Cyprus in the Mediterranean Sea. There were approximately 400 computer science high
school teachers employed by the Cyprus Ministry of Education at the time of the study.
Since the total population that | examined was relatively small, | performed a census
sampling where | distributed the survey to all the high school computer science teachers
using information from the Cyprus Computer Science Teachers Association. To
accomplish this, | applied for permission from the association board to conduct my
research. The permission to perform the research can be found in Appendix D. Using a
census sampling method did not guarantee that every single participant would fill in the
survey so | had to calculate a minimum number of responses required to prove my
research question (Groves et al., 2012; Tourangeau, Conrad, Couper, & Ye, 2014).

One method of calculating the sample size is based on power analysis using the
G*Power software. Previous literature that uses the UTAUT model has shown that data
analysis is based on a multiple regression analysis of the constructs associated with
UTAUT (Attugquayefio & Addo, 2014; Oye et al., 2014). Using G*Power version 3.1.9.2,
| conducted an F-test for linear multiple regression to calculate a priori the required

sample size given the effect size, the error probability, the power and the number of
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predictors. | used a medium effect size (f = 0.15), an error probability (o = 0.05) and a
power of 0.80 with the four predictors used in UTAUT to estimate that | would need a
sample size of 85 participants (Figure 5). Increasing the sample size to 129 participants
would result to a power of 0.95 and further increasing the sample to 174 participants
would increase the power to 0.99 as shown in Figure 6. Statistical power is a measure of
the likelihood of finding a difference in some data therefore the higher the power the
more accurate and true the statistical test becomes (Emerson, 2016).

Using a medium effect size (f = 0.15) was appropriate for this research study
based on the analysis of previous literature based on the four constructs of UTAUT (C.
Chen, Lai, & Ho, 2015; Lakens, 2013; Taiwo & Downe, 2013; Venkatesh et al., 2012). |
strived to collect a minimum of 85 completed surveys from the census of the population
of all high school computer science teachers registered with the Cyprus Ministry of
Education at the time of the study. In the event that | collected more than 129 surveys

then my data would be closer to a power of 0.95 providing a better data analysis.
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Another method of determining an appropriate sample size is using the formula
50 + 8 (m) = sample size where m is the number of independent variables examined
(Carrington, Grossi, Knowles, & Scott, 2014; Lo, Chair, & Lee, 2015; Tabachnick &
Fidell, 2013). Since the independent variables examined were performance expectancy,
effort expectancy, social influence and facilitating conditions, that meant that m was
equal to 4 and the formula 50 + 8 (4) = 82. Therefore, the sample size required for the
study based on the formula by Tabchnick and Fidell (2013) would be 82 participants out
of the approximately 400 computer science high school teachers.

Ethical Research

During the course of my doctoral research, I collected data from an electronic
survey that was distributed to all participants in the study. All of the data collected were
considered private and confidential data and needed to be protected and safeguarded from
unauthorized access and disclosure. This was in line with the Respect for Persons
principle of the Belmont report (National Institutes of Health, 1979). During my doctoral
studies, | also completed the required certification by the National Institutes of Health
(NIH) Office of Extramural Research (No. 1719416) with the title Protecting Human
Research Participants (Appendix B).

To ensure the ethical collection of data in my surveys | provided participants with
a consent form that was completed online by the participant. Online surveys are
increasingly used in educational research with benefits including the efficient way of
collecting data and the use of ethically defensible ways of conducting research (Roberts

& Allen, 2015). The consent form (Appendix C) was shown to the participant before the
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start of the survey and the participant would need to click on the checkbox indicating that
he/she have understood and agree to participate in this research. The consent form had to
be easy to understand so that the participants would be able to make an informed decision
to participate in the study (Holland, Browman, McDonald, & Saginur, 2013). The
participants were also informed that they could leave the survey at any time simply by
closing their browser window and none of the data would be stored at that time. At the
end of the survey the participant was informed that after submitting the information that
information could not be removed since the surveys are anonymous and there was no way
of knowing which survey belonged to the specific participant. To ensure the
confidentiality of the participants I stored all of the collected data in electronic form in a
USB flash drive and placed it in a safe for a minimum of 5 years. | also deleted any
electronic surveys from the online survey tool that was used to gather the completed
surveys so that no future data breaches could allow unauthorized access to the data. The
privacy policy of the online service that was used ensured that all data were encrypted
using Secure Socket Layers (SSL), with two step verification and access to confidential
information was restricted (Google, 2016). At the end of the five years, | will destroy the
USB flash drive by burning it to ensure that no one will be able to restore the deleted data
from the drive.
Data Collection

Instrumentation

| collected data using a survey instrument with closed-ended questions based on

extant literature. The questions were adapted from the original UTAUT survey



o1

instrument (Venkatesh et al., 2003) as shown in Table 2 and were reworded to apply to
the specific technology that | investigated. Permission to use the survey instrument was
requested and granted as presented in Appendix E. Based on the fact that English can be
considered a second language in Cyprus (Baker & Avenue, 2014) all participants could
answer the survey in English. The survey also had a Greek translation of each part of the
survey to ensure that no one had any problems understanding the questions. The survey

instrument with all the questions is provided in Appendix F.

Table 2

Data collection instrument used in UTAUT

Construct Instrument

Performance I would find the system useful in my job

expectancy Using the system enables me to accomplish tasks more quickly

Using the system increases my productivity

If I use the system, | will increase my chances of getting a raise
Effort My interaction with the system would be clear and understandable
expectancy It would be easy for me to become skillful at using the system

I would find the system easy to use

Learning to operate the system is easy for me
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Table 2 continued

Construct Instrument
Social People who influence my behavior think that | should use the system
influence People who are important to me think that I should use the system
The senior management of this business has been helpful in the use of
the system
In general, the organization has supported the use of the system
Facilitating | have the resources necessary to use the system
conditions I have the knowledge necessary to use the system
The system is not compatible with other systems | use
A specific person (or group) is available for assistance with system
difficulties
Behavioral | intent to use the system in the next <n> months
intention | predict |1 would use the system in the next <n> months

I plan to use the system in the next <n> months

As shown in Table 2 the survey was used to measure the five constructs relating

to UTAUT, namely performance expectancy, effort expectancy, social influence,

facilitating conditions and behavioral intention (Venkatesh et al., 2003). The survey

questions used an ordinal scale of measurement with a seven-point Likert scale ranging

from 1 — Strongly disagree to 7 — Strongly agree (Boone & Boone, 2012). There were

four questions relating to the measurement of each of the constructs and the values taken

from the four independent constructs were evaluated along with the dependent variable

that was behavioral intention.
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Due to the instrument being presented in the language used in Venkatesh et al.
(2003) the validity of the instrument was not affected. In addition, research showed that
validity is affected by region, residence in rural area, race, and job experience (Kitagawa,
2015). Since my study was based on all high school computer science teachers in Cyprus,
I limited my study to one region. The scales used in UTAUT constructs had been
assessed for their psychometric properties and had been found reliable (Nistor et al.,
2013; Parameswaran, Kishore, & Li, 2015; Venkatesh et al., 2012).

Participants were able to access the survey instrument through Google Forms. A
prefabricated email containing a brief introduction to the survey purpose, potential
benefit, encouragement to complete the survey and a link to the survey, was sent to the
Cyprus Computer Science Teachers Association. The association then forwarded the
email to the appropriate computer science high school teachers registered at the Ministry
of Education and Culture in Cyprus. Having the survey sponsor send the email increased
the chances that the survey would be completed by the recipients because it came from a
reputable source (Groves et al., 2012). The survey period lasted for three weeks to allow
for maximum possible participation. The responses were checked weekly and if the
number reached the maximum sample size selected | would close the survey. If after the
first week the minimum was not reached then a follow up email would be sent to the
participants weekly to remind them of the survey and try to collect more responses. In the
event that the minimum was not achieved in the three weeks then the survey would be
extended and participants would be encouraged once again to fill in the survey until the

minimum number of responses was met.
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When a participant clicked on the link in the email he/she would be redirected to
the Google Forms website where they would see a greeting page that described the
purpose of the study, explained the procedures to ensure the anonymity of the
respondents and the protection of the collected data as well as a checkbox that the
respondent would have to select to acknowledge that they were properly informed about
the survey and that they wished to proceed. Participants could exit the survey at any time
simply by closing their browser window. Upon completion of the survey, the participants
would see a message thanking them for their time and ensuring them that the data
collected was anonymous and safe.

The data that were collected from the surveys would be downloaded from Google
Forms and deleted from there so that there is no risk of data lost if the Google Forms
service is hacked. The raw data were stored on a USB flash disk which in turn was stored
in a safe for a period of five years. The USB flash drive will then be destroyed to avoid
reconstruction of deleted data from the drive if it were to be reused. The raw data will be
available upon request within the five years that they will be stored.

Data Collection Technique

In this research study | administered an online survey using Google Forms. High
school computer science teachers registered in the Cyprus Ministry of Education received
an invitation to participate in the survey through the Cyprus Computer Science Teachers
Association’s electronic communication service. The use of online surveys in research
has increased due to the many benefits it provides to the researcher, such as cheap,

flexible and fast access to many types of participants from various locations around the



55

world (Roberts & Allen, 2015). Researchers emphasize the need for informed voluntary
consent by providing sufficient information to the participants before beginning the
survey (Mahon, 2014; Roberts & Allen, 2015). Mahon (2014) stated that the key issues
that need to be addressed when working with online surveys are informed consent, forced
choice, privacy, data security and ownership of surveys and data.

Informed consent was achieved through the development of a consent form that
the participants needed to read and acknowledge before starting the survey. In the consent
form | provided the participant with the purpose of the study, the anonymity and safety of
the data collected. The consent form also informed the participant that participation was
voluntary and that there would be no negative consequences should the participant wish
to decline or withdraw from the study. To avoid the issue of forced choice I did not make
any of the questions required so that participants that did not want to answer a question
could do so and would not be forced into answering. Forcing a participant to answer a
question might lead to him quitting the survey completely (Mahon, 2014). The other
option for avoiding forced choice was to make the questions required but provide one
more option which will be “no response” or “NA” but that would change the survey
instrument and might invalidate the survey results. Regarding privacy, security and
ownership of surveys and data, | informed the participants that the data collected would
be removed from the online survey service and stored on a USB flash drive for five years

in a safe and afterwards destroyed to eliminate any chances of leaking data.
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The instrument used for data collection was based on the survey instrument used
by Venkatesh et al. (2003) as shown in Table 2 with permission (Appendix E). The
instrument used is available in Appendix F.

Data Analysis Technique

This research study tried to answer one research question about the relationship of
performance expectancy, effort expectancy, social influence, facilitating conditions and
the behavioral intention of high school computer science teachers to use remote robotic
experimentation. The independent variables were performance expectancy, effort
expectancy, social influence and facilitating conditions. The dependent variable was the
behavioral intention of high school computer science teachers to use remote robotic
experimentation in their courses.

RQL1. Do (a) performance expectancy, (b) effort expectancy, (c) social influence,
and (d) facilitating conditions significantly predict the intention of high school computer
science teachers in Cyprus to use remote robotic experimentation in their courses?

The study used multiple regression analysis to determine if the four independent
variables had a significant relationship to behavioral intention. Multiple regression
analysis is an extension of single linear regression which provides insight into the
relationship of multiple independent variables to a single dependent variable (Nathans et
al., 2012). The data was analyzed using the SPSS statistical analysis software.

The data gathered were answers to questions with a seven-point Likert-scale
ranging from 1 — Strongly disagree to 7 — Strongly agree. Questions were grouped into

four main groups representing the four constructs relating to UTAUT. Survey questions
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that are stand-alone should be analyzed as Likert-Type items using modes, medians and
frequencies (Boone & Boone, 2012). Surveys using a series of questions that when
combined measure a particular trait such as performance expectancy indicate that the
surveys are using a Likert Scale which are analyzed using means and standard deviations
(Boone & Boone, 2012). The data analysis techniques used in Likert scale data are based
on descriptive statistics such as Pearson’s r, t-test, ANOVA and regression procedures
(Boone & Boone, 2012; Keele, 2011; Nathans et al., 2012). Using t-tests or ANOVA is
appropriate for studies performing tests on multiple groups to check for significant
differences between the groups (Keele, 2011; Lakens, 2013). This research study was
evaluating behavioral intention within one single group of participants so t-tests and
ANOVA were not deemed appropriate.

One of the most important parts of data analysis is to validate experimental data.
Variance homogeneity, otherwise called homoscedasticity, is a way to guarantee the
correct application of mean values comparisons (Granato, de Araujo Calado, & Jarvis,
2014). Heteroscedasticity on the other hand, is the error due to an unobserved common
factor which may be observed in a scatter plot of the independent variables compared to
the dependent variable (Lewbel, 2012). Normality of the experimental results is
important in correlation analysis and testing normality checks if the given data follow a
normal distribution (Granato et al., 2014). When examining multiple variables it is
important to assess the independence of each variable from other independent variables

(Yoo etal., 2014).
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Multicollinearity is an effect observed when predictors in a linear regression are
also linearly dependent on each other as well as the dependent variable (Dormann et al.,
2013; Winship & Western, 2016). This problem can be more significant when the sample
size is small, leading to spurious conclusions (Hoggarth, Innes, Dalrymple-Alford, &
Jones, 2015). On the other hand, in real life there is always some kind of collinearity
between predictor variables, which might stem from some underlying unmeasurable
process, a latent variable, or by chance if there is a large number of variables or if the
sample size is too small (Dormann et al., 2013). A researcher can assess multicollinearity
issues using a correlation matrix, computing the coefficients of determination regressed
on the remaining predictor variables and measuring the condition index (Yoo et al.,
2014). When examining bivariate correlations a high correlation coefficient (>0.8) does
not imply causation because co-variants may influence the results due to a common cause
(Granato et al., 2014). In this study, | examined the bivariate correlations ensuring that
they are not over 0.9 or 0.8, thus indicating that there were no influences to the
correlation from other variables. Using scatter plots and normal probability plots, |
examined the heteroscedasticity, normality and linearity of the data collected in this
study.

Study Validity

The research study was a correlational quantitative study which focused on high
school computer science teachers in Cyprus. To ensure the reliability of the data collected
| distributed the survey to the high school computer science teachers registered at the

Cyprus Ministry of Education. There were approximately 400 registered high school
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teachers at the time of the study and the survey was sent to all of them to ensure the
highest possible response rate.

When conducting research, researchers try to prove or disprove a hypothesis and
support that decision through evidence gathered during the study (Hales, 2016). Hales
(2016) presents a model for statistical decision making while explaining how researchers
can avoid Type I, I1, Il and IV errors. In this statistical decision model, if the
requirement is to reject the null hypothesis then there are three possible outcomes. If the
null hypothesis is actually true then you have a Type | error, whereas if the null
hypothesis is false then if the researcher has good evidence then it is proven or else if the
evidence is bad then there is a Type Il error (Hales, 2016). In this research study my null
hypothesis stated that performance expectancy, effort expectancy, social influence and
facilitating conditions would not significantly predict the behavioral intention of high
school computer science teachers’ to use remote robotic experiments. | aimed to reject
my null hypothesis and at the same time show that my evidence was good and support
this decision. To ensure statistical conclusion validity | used a validated survey
instrument that has been used in previous research studies and | aimed for a sample size
of medium to high power.

Another aspect that needed to be examined to validate this study was external
validity. External validity deals with the ability of the research to be extended to other
particular individuals, settings, times or institutions other than those directly studied
(Hales, 2016; Morse, 2015; Yilmaz, 2013). This study dealt with public high school

computer science teachers in Cyprus but researchers can apply the same research design
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to other domains within Cyprus such as private institutions or primary and tertiary
education. Due to differences in the educational system of each country this research
might not be suitable to high schools in countries other than Cyprus. In the event that a
researcher wants to examine a different country then they would need to adjust the study
in accordance to the specific country’s educational system.

In this research I used a survey instrument that had been successfully used in
previous literature in various settings and on various technologies. In addition, this
research study can be replicated using the same survey instrument and data analysis to
ensure that anyone wishing to validate the results can do so at a later date. Due to the
advancements made in technology and the fact that new high school teachers with
innovative ideas will replace older high school teachers the study might present different
results after a few years. The research design and analysis would remain the same but the
results might be slightly different as the years go by.

Transition and Summary

Section 2 expanded the purpose statement by providing more information about
the goals set for this research study. The section also included a description of the role of
the researcher, an introduction to the population involved in the study, followed by the
research method and design that explained the choice of using a correlational quantitative
design over other experimental designs. The section then went on to describe the
population and how the sample size was determined followed by information on how the
study protected participants in the ethical research subsection. Section 2 then described

the data collection and data analysis beginning with the choice of instrument, the data
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collection and data analysis techniques and finally how the study ensured study validity.
The next section will present an overview of the whole study and present the findings that
came out of the data analysis of the collected surveys. In addition, section 3 will present
the application of the findings to professional practice, its implications for social change

and recommendations for action and further study.
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Section 3: Application to Professional Practice and Implications for Change

This study utilized a correlational quantitative research method that analyzed the
relationships between performance expectancy, effort expectancy, social influence,
facilitating conditions and the intention to use a technology. In this section I will present
the results of the analysis of the data gathered through the online surveys completed by
the participants of the study.

Overview of Study

The purpose of this correlational quantitative study was to evaluate the intention
of high school computer science teachers to use remote robotic experimentation based on
information on performance expectancy, effort expectancy, social influence and
facilitating conditions. Using the G*Power tool, I calculated, a priori, the required
sample size given the effect size, the error probability, the power, and the number of
predictors. The analysis showed that a minimum of 85 responses would provide a
statistical power of 0.80 while 129 responses would increase the statistical power to 0.95.
| gathered data from 90 high school computer science teachers currently employed by the
Ministry of Education in Cyprus and analyzed them using a multiple regression analysis.
The Ministry of Education in Cyprus employs approximately 400 high school computer
science teachers meaning that the 90 responses that I received would correspond to a
response rate of approximately 22.5%.

The results of the data analysis showed that there is a positive correlation between
the examined independent variables of performance expectancy (Pl), effort expectancy

(EE), social influence (SI) and facilitating conditions (FC) with regards to behavioral
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intention (BI) signifying the fact that these independent variables are predictors of
behavioral intention. Furthermore, FC and EE were significant predictors of Bl whereas
PE and SI were not significant predictors.
Presentation of the Findings

In this part of the study, I will examine the reliability of the constructs, analyze
the methods used to test the assumptions involved with the methodology, present the
statistical results emerging from the data analysis, and provide a detailed reporting of the
findings. The subsection will close with a summary of the findings.
Reliability analysis

The first part of the data analysis was to perform several reliability analysis tests
to ensure that the questions relating to each independent and dependent variable
correlated to the specific construct. To do this | performed a reliability analysis on the set
of questions and extracted the Cronbach’s Alpha. The summarized results are shown in
Table 3 and the detailed analysis can be found in Appendix G. A value between 0.7 and
0.9 is considered to be a good measure of reliability for each construct and as presented

in the table the values for all constructs are within the required parameters.
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Reliability Statistics

64

Variable Cronbach's Alpha Based on
Cronbach's Alpha Standardized Items N of Items
Performance expectancy 770 .807
Effort expectancy .840 .847
Social influence .852 .853
Facilitating conditions 74 173
Behavioral intention .902 .903

Factor Analysis. The first part of the data analysis was to reduce the number of

variables to the five constructs that were measured in the survey. There were 19 questions

in the survey with four questions relating to performance expectancy, four relating to

effort expectancy, four relating to social influence, four relating to facilitating conditions,

and three relating to behavioral intention. The first step was to perform an exploratory

factor analysis to validate the five factors that were considered. | observed four factors

being identified through exploratory factor analysis using an eigenvalue of more than 1.0.

The results shown in Table 4 present four constructs instead of five, and this can be

further seen in
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Table 5 where the facilitating conditions construct is factored with the social influence

construct. In addition,
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Table 5 shows that one question, namely PE4, was not correctly factored with the
performance expectancy construct. This can be explained by the nature of the question
which asked whether the respondent would get a raise for using the technology but in
Cyprus, teachers get pay raises based on teaching years and not based on performance or
innovative use of technologies (Eurydice Facts &Figures, 2014).

Table 4

Total Variance Explained

Extraction Sums of Rotation Sums of
Initial Eigenvalues Squared Loadings Squared Loadings
% of % of % of

Comp Total Var. Cum.% Total Var. Cum.% Total Var. Cum%

1 7.641 40.217 40.217 7.641 40.217 40.217 4.084 21496 21.496
2 2.267 11.932 52.149 2.267 11932 52.149 3.336 17.555 39.051
3 1.894 9970 62.118 1.894 9.970 62.118 3.008 15.832 54.883
4 1.369 7.205 69.324 1369 7.205 69.324 2.744 14.441 69.324
5 954 5.020 74.343
6 749 3.944 78.287
7 690 3.629 81.917
8 619  3.257 85.174
9 558 2,938 88.112
10 439 2308 90.420
11 322 1.693 92.113
12 288 1515 93.628
13 280 1476 95.103
14 208 1.097 96.200
15 190 999 97.199
16 .158 833 98.032
17 144 .760 98.793
18 129 679 99471

19 .100 529 100.000
Extraction Method: Principal Component Analysis.




Table 5

Pattern Matrix

Factor

1 2 3 4

PEZ1: I would find remote robotic experimentation
useful in my teaching

PE2: Using remote robotic experimentation will
enable me to teach programming concepts more 746
quickly

PE3: Using remote robotic experimentation
increases my teaching efficiency

PE4: If | use remote robotic experimentation, |
will increase my chances of getting a raise
EEL: My interaction with remote robotic
experimentation would be clear and 464
understandable

EE2: It would be easy for me to become skillful
at using remote robotic experiments

EE3: | would find remote robotic experiments
easy to use

EE4: Learning to work with remote robotic
experiments will be easy for me

SlI1:People who influence my behavior think that
| should use remote robotic experimentation

SI2: People who are important to me think that |
should use remote robotic experimentation

SI3: The Ministry of Education in Cyprus will be
helpful in the use of remote robotic .648
experimentation

Sl4: In general, the Ministry of Education in

Cyprus is supporting the use of remote robotic 791
experimentation

FCL1: I will have the resources necessary to use
remote robotic experimentation

FC2: 1 will have the knowledge necessary to use
remote robotic experimentation

FC3: Remote robotic experimentation is not
compatible with other educational tools I use
FC4: A specific person (or group) is available for
assistance with remote robotic experimentation ~ .623
difficulties

.868

.758

.629

147

1.011

923

591

.828

590

ATT7

.562

ATT7

67
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Table 5 continued

Factor
1 2 3 4 5

BI1: | intent to use remote robotic

experimentation when it will become available 147
BI2: | predict | would use remote robotic

. : . . 919
experimentation when it becomes available
BI3: I plan to use remote robotic experimentation 1,003

when it becomes available

Extraction Method: Maximum Likelihood.

Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 7 iterations.

Assumptions

In Section 2 | presented several tests of assumptions that were considered
important to validate the findings of this study. These tests included multicollinearity,
normality, linearity, homoscedasticity, outliers and independence of residuals. I will
examine each of these tests and present the findings, which support the assumptions.

Multicollinearity. Since my sample was closer to the minimum number of
responses needed, | had to check for multicollinearity within my data. Inspecting a
scatterplot matrix assessed multicollinearity. Table 6 depicts the bivariate correlation
matrix showing that all bivariate correlations were <.7. Therefore, multicollinearity was

not a concern.



Table 6

Predictor Bivariate Correlation Scatterplot Matrix

BI PE EE Sl FC

Pearson Bl 1.000 .355 511 339 .508

Correlation PE 355 1.000 412 584 365
EE 511 412 1.000 400 558
SI 339 584 400  1.000 639
FC 508 365 558 639  1.000

Note: N =90

In order to further test for multicollinearity, | considered the tolerance of the
independent variables. Independent variable tolerance clarifies how much of the
variability is not explained by other predictor variables (Dormann et al., 2013). A value

less than 0.1 may indicate multicollinearity.
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Table 7 shows a tolerance of .610 for PE, .634 for EE, .447 for Sl and .473 for FC. This is

a good indicator that that there is no multicollinearity. In addition to tolerance, we can
use the Variance Inflation Factor (VIF) where values above 10 indicate multicollinearity
(Dormann et al., 2013). The VIF values for PE, EE, Sl and FC are 1.640, 1.577, 2.238

and 2.112 respectively which is much lower than the 10 threshold of multicollinearity.
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Table 7

Coefficients
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Outliers, normality, linearity, homoscedasticity, and independence of
residuals. Outliers, normality, linearity, homoscedasticity, and independence of residuals
were by examining a normal probability plot (P-P) of regression standardized residual
(Figure 7) and observe if the data plotted follows a linear distribution. The points do not
lie on a reasonable straight diagonal line from bottom left to top right. More so, the
evidence of a clear cone pattern (right to left) in the scatterplot (Figure 8) of the residuals
is further evidence of assumption violation. Therefore, bootstrapping, using 2,000
samples were computed and reported where appropriate.

In order for me to test for outliers I calculated the Mahalanobis Distance which
measures the distance of a point from the distribution (Todeschini, Ballabio, Consonni,
Sahigara, & Filzmoser, 2013). Using the Chi-squared critical value for four predictor
variables (18.467) | checked the Mahalanobis value from the Residuals table (Table 8)

and found a value of 16.969 which is below the critical value.



Mormal P-P Plot of Regression Standardized Residual
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Figure 7. Normal P-P Plot of regression standardized residual.
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Scatterplot
Dependent Variable: Bl
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Figure 8 Scatterplot of standardized residuals and predicted values
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Table 8

Residuals Statistics

Bootstrap®
95% ClI
Statistic Bias  Std. Error Lower Upper

Predicted VValue Minimum 3.65

Maximum 7.53

Mean 5.72 0.00 0.14 5.42 5.99

Std. Deviation 0.81 0.03 0.15 0.54 1.13
Residual Minimum -2.89

Maximum 2.88

Mean 0.00 0.00 0.00 0.00 0.00

Std. Deviation 1.10 -0.05 0.09 0.87 1.24
Std. Predicted ~ Minimum -2.57
Value Maximum 2.25

Mean 0.00 0.00 0.00 0.00 0.00

Std. Deviation 1.00 0.00 0.00 1.00 1.00
Std. Residual Minimum -2.57

Maximum 2.56

Mean 0.00 0.00 0.00 0.00 0.00

Std. Deviation 0.98 0.00 0.00 0.98 0.98

a. Dependent Variable: BI

b. Unless otherwise noted, bootstrap results are based on 2000 bootstrap samples
Note: N =90

Homoscedasticity assumes that the error variance is consistent across all observations in
the data set (Aslam, Riaz, & Altaf, 2013). A test for homoscedasticity is the Durbin
Watson test, which is a formal method of testing if correlations between independent
variables negatively affect the confidence of the predictability of the dependent variable
(G. Jacob et al., 2014). A Durbin Watson value ranges from 0 to 4 where the number 2
means that there is no correlation between the independent variables (G. Jacob et al.,
2014). In Table 9 we can see that the Durbin Watson value is 1.91, which is close to 2

showing that the homoscedasticity assumption was met.
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Table 9

Model Summary

Model R R? Adjusted R>  Std. Error Durbin-Watson
1 5912 .349 319 1.12554 1.906

a. Predictors: (Constant), FC, PE, EE, SI
b. Dependent Variable: Bl
Descriptive Statistics

The total number of surveys completed by my participants was 90 and none of the
surveys was removed due to missing or incorrect data. Each survey was fully completed
and no errors were identified during the data analysis. Table 10 contains the descriptive

statistics for all the survey questions.

Table 10
Means and Standard Deviations for Quantitative Study Variables

Variable M SD Bootstrapped 95% CI (M)
Behavioral intention 5.72 1.36 [5.42, 5.99]
Performance Expectancy 5.08 1.18 [4.85, 5.31]
Effort expectancy 5.28 1.14 [5.00, 5.51]
Social influence 3.93 1.51 [3.63, 4.25]
Facilitating conditions 4.23 1.33 [3.96, 4.51]
Note: N = 90.

Inferential Results

This study used a standard multiple linear regression, o = .05 (two-tailed), to
examine the effectiveness of performance expectancy, effort expectancy, social influence,
facilitating conditions in predicting the behavioral intention of high school computer
science teachers to use remote robotic experiments. The independent variables were

performance expectancy, effort expectancy, social influence and facilitating conditions.
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The dependent variable was behavioral intention. The null hypothesis and alternative
hypothesis were:

H1o: Performance expectancy, effort expectancy, social influence and facilitating
conditions will not significantly predict the intention of high school computer science
teachers to use remote robotic experiments.

H1a: Performance expectancy, effort expectancy, social influence and facilitating
conditions will significantly predict the intention of high school computer science
teachers to use remote robotic experiments.

The model as a whole was able to significantly predict behavioral intention, F(4,
85) = 11.417, p = .000, R? = .34 (Table 9). The R? value indicated that the model could
explain 34.9% of the total variability in behavioral intention. The final model (Table 11)
shows that effort expectancy and facilitating conditions were statistically significant with
facilitating conditions (t = 2.733, p < .008) being the biggest contributor to the
prediction, higher than the other contributor which was effort expectancy (t = 2.614, p <
.011).

Table 11

Regression Analysis Summary for Predictor Variables

B 95%
Variable B SE B p t p Bootstrap ClI
PE 191 .130 164 1.467 .146 [4.85, 5.31]
EE 343 131 287 2.614 .011 [5.00, 5.51]
Sl -.085 .118 -.094 -721 473 [3.63, 4.25]
FC 357 131 347 2.733 .008 [3.96, 4.51]

Note. N =90
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The final predictive equation based on the predictor variables was:
Behavioral intention = 1.762 + .191(PE) + .343(EE) - .085(Sl) + .357(FC)

Facilitating conditions. FC has a positive slope (.357) which indicates that for
every point of increase in FC there is a .357 increase in behavioral intention. The squared
semi-partial coefficient (sr?) was .239. This means that 23.9% of the variance in
behavioral intention is based on facilitating conditions, if performance expectancy, effort
expectancy and social influence are controlled.

Effort expectancy. EE also has a positive slope (.343) which in turn indicates
that every point of increase in EE there is a .343 increase in behavioral intention. The
squared semi-partial coefficient (sr?) for effort expectancy was .229, which indicates that
22.9% of the variance of behavioral intention is based on effort expectancy.

Performance expectancy. Even though PE has a positive slope (.191) it is not a
significant predictor of Bl due to the fact that p > .05. This means that even though one
can assume that a point increase in PE will predict almost two points of increase in Bl it
cannot be said that it significantly predicts that increase.

Social influence. SI on the other hand has a negative slope (-.085), which means
that an increase in SI would decrease Bl. But due to the fact that p is significantly greater
than .05 it cannot be used to predict Behavioral intention.

Analysis summary. The purpose of this study was to examine how efficiently
performance expectancy, effort expectancy, social influence and facilitating conditions
could predict the behavioral intention of high school computer science teachers to use

remote robotic experiments. In order for me to examine the effectiveness of the predictor
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variables I used standard multiple linear regression. The assumptions surrounding
multiple regression were evaluated and no serious violations were found to exist. The
model was able to significantly predict behavioral intention, F(4, 85) = 11.417, p = .000,
R? = .349. Out of the four predictor variables, facilitating conditions and effort
expectancy were able to provide useful predictive information about behavioral intention.
The findings in this study reject the null hypothesis showing that performance
expectancy, effort expectancy, social influence and facilitating conditions can predict the
behavioral intention of high school computer science teachers in Cyprus to use remote
robotic experimentation in their classes. More specifically, facilitating conditions and
effort expectancy are associated with behavioral intention whereas performance
expectancy and social influence do not significantly predict behavioral intention.

Theoretical conversation on findings. After analyzing the data collected by the
high school computer science teachers in Cyprus | was able to show that the model could
significantly predict the behavioral intention (BI) to use remote robotic experimentation.
More specifically, the model showed that the facilitating conditions (FC) construct was
the more significant predictor of BI, with effort expectancy (EE) being the second most
significant predictor. performance expectancy (PE) and social influence (SI) were not
significant predictors of BI.

In studies performed to examine the use of interactive whiteboards by teachers the
results showed that FC significantly predicted Bl while PE and S| had partial significance
in predicting Bl and EE had no significance in predicting Bl (Raman et al., 2014; Sumak

& Sorgo, 2016). In several other studies based on the use of interactive whiteboards,
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Wong et al. (2013) showed that PE and EE significantly predicted BI, while Tosunta,

Karada and Orhan (2015) found that all four constructs were able to predict BI. This
study supports the literature that behavioral intention can be predicted using certain
predictor variables.

The most significant predictor of Bl in this study was FC. In most studies FC is
examined post-implementation of the technology since in the original UTAUT model FC
is said to predict Use Behavior along with Bl (Figure 1). Even though FC is not directly
associated with BI, there are studies that examine that relationship like it was done in this
study and the results show that there is a significant positive correlation between FC and
Bl (Bhatiasevi, 2015; Raman & Don, 2013). As in this study, the predictability of FC is
considered the most significant predictor of Bl (Bhatiasevi, 2015; Raman & Don, 2013).

In this study, I identified EE as the second most significant predictor supporting
the literature. Oye, et al. (2014) also measured the predictability of Bl with regards to EE
and found EE to also be a significant predictor in cases of academics adopting ICT in
their teaching. Several other studies support the fact that EE is a significant predictor of
Bl (Chen, 2013; Tosuntas et al., 2015; Wong et al., 2013). Bhatiasevi (2015) also found
EE to be a significant factor alongside FC.

Even though PE is considered in several studies to significantly predict Bl
(De¢man, 2015; Raman et al., 2014; Tosuntas et al., 2015; Wong et al., 2013), studies
that involve teachers rather than students also show that PE might not be a significant
predictor similar to this study (Chen, 2013; Chen & Chen, 2015). In this study PE did not

significantly predict the behavioral intention of high school computer science teachers.
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Social influence was also not significant in predicting behavioral intention in this
study. This result is again supported by literature that ranks social influence as the least
significant predictor of behavioral intention (Escobar-Rodriguez, T., Carvajal-Truijillo, E.,
& Monge-Lozano, 2014; Oye et al., 2014).

The differences in the results of this survey from other surveys could be attributed
to the fact that the participants did not know about remote robotic experimentation before
this survey. This was examined before in surveys given to pre-adopters and post-adopters
and identifying the existence of a variance between the two types of participants (Sumak,
Pusnik, Hericko, & Sorgo, 2016; Sumak & Sorgo, 2016). Another aspect that may affect
participants reactions to technology is the experience of the participant with regards to
the technology, which was something not measured in this study (Govender & Dhurup,
2014; P. C. Linet al., 2013).

Applications to Professional Practice

This study aimed at examining the correlation between performance expectancy,
effort expectancy, social influence, facilitating conditions and the behavioral intention of
high school computer science teachers to use remote robotic experimentation in their
classes. The results of this study will allow curriculum decision makers at the Ministry of
Education in Cyprus to take specific actions that may positively influence the decision of
high school computer science teachers to adopt remote robotic experimentation in their
classes.

It is apparent from the data collected that high school computer science teachers

are influenced by facilitating conditions when deciding to use remote robotic
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experiments. This means that teachers value the presence of a good infrastructure both in
the availability of the hardware as well as in the availability of support channels that they
can use to reduce the amount of effort and frustration that may stem from using a new
technology.

In addition to FC, the teachers value the effort required to implement these
experiments in their classes. If the use of remote robotic experiments causes an increase
in effort just to implement the technology, then that would negatively influence the
decision to use it. In my data analysis the teachers showed that if they would not have to
expend a lot of effort to use remote robotic experiments in their classes they would be
more prone to use it if it was available. EE was the second biggest contributor to
predicting Bl indicating that the less effort needed to use remote robotic experiments
teachers will be more positive in using the experiments in their classes.

PE was not statistically significant on predicting Bl and this may be due to
teachers not knowing how beneficial remote robotic experiments can be to their teaching
since it has not been used yet. At the time of the study, the subject of remote experiments
is novel in Cyprus and robotics was still a new idea that had not been used in schools yet.

Social influence was not a statistically significant predictor of behavioral
intention. This means that high school teachers are not affected by others in deciding
whether to use the technology. The decision is purely their own choice and even if the
Ministry of Education would tell them that using remote robotics experiments would be

beneficial to them, they would only use the technology if they think that it is beneficial.
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Overall, based this study, the implementation of remote robotic experiments in
high schools and its adoption by high school computer science teachers depends on how
the Ministry of Education can inform end-users of the benefits of the technology, provide
training to reduce effort expended on using the technology and providing the required
infrastructure to support the technology. Social influence would not make a big
difference and the study showed that SI had a negative impact on the intention to use
behavioral intention.

Implications for Social Change

This study was done to identify if four constructs, namely performance
expectancy, effort expectancy, social influence and facilitating conditions, where able to
predict the behavioral intention of high school computer science teachers to use remote
robotics experiments. The results of the study showed that EE and FC could predict the
intention to use the technology. Knowing this information, the Ministry of Education in
Cyprus can take steps to increase the knowledge of high school teachers and reduce the
effort required to use the technology by building more user friendly and accessible
interfaces as well as by providing seminars to familiarize teachers with the platform.
Making it effortless for the teacher can increase the chance that the teacher will use
remote robotic experiments.

In using remote robotics experiments, teachers might be more understandable in
explaining difficult computer science concepts to students thus making students more
inclined to follow a computer science field. A shift in teaching with more practical

experience would enhance the problem solving skills of students and allow them to



84

perform better in several courses including computer science courses. Eventually, this
shift in computer science graduates could help reduce the need for IT professionals that is
projected to increase dramatically in the following years.
Recommendations for Action

In this doctoral study | used the UTAUT model to determine if four constructs,
namely performance expectancy, effort expectancy, social influence and facilitating
conditions, were able to predict the intention of high school computer science teachers to
use remote robotic experimentation in their classes. This study has a number of benefits
for both the Ministry of Education in Cyprus, the high school computer science teachers
and ultimately high school students. The study will be sent to the Ministry of Education
with recommendations on what are the best actions to take if they want to implement
remote robotic experiments in high schools in Cyprus. My recommendations included the
thorough development of a remote robotics laboratory with all the necessary equipment
both in hardware and software and the training of specialized personnel to support that
infrastructure. In addition, the Ministry should provide training to all high school
computer science teachers to familiarize them with the technology and how to use it and
show them that there will always be someone available to help them if they are stuck.
This will increase the chances of remote robotic experiments being adopted by teachers.

Through this study, high school computer science teachers also have the ability to
learn more about remote robotic experiments and also how these will help them in their
teaching. The study will be sent to the Cyprus Computer Science Teachers Association

who helped me distribute the surveys and hopefully they will distribute the results to all
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their members. Seeing a completed study would hopefully intrigue teachers to look more
deeply into remote experiments and robotics and spur a movement towards implementing
the technology in schools.

Finally, the study can help students gain more understanding of difficult computer
science concepts leading to more of them choosing to follow a computer science degree
at the university and eventually increasing the amount of IT professionals in the market.

Recommendations for Further Study

This study had a few limitations. The first one was the fact that the study was held
in Cyprus and it was aimed at high school computer science teachers. Another limitation
was that the sample used was fairly small partly because the number of high school
computer science teachers registered with the Ministry of Education in Cyprus was small.

Future studies could expand the sample population by including teachers from
technical fields and also from the vocational field. In addition to this, studies could be
directed to higher levels of education such as universities to evaluate the intention to use
remote robotic experiments to keep students from dropping out of the computer science
field due to not understanding difficult concepts.

Future researchers can also use this study as a source that would allow them to
research technologies other than remote robotic experimentation and maybe include other
independent variables that could help in predicting the intention to use a specific

technology.



86

Reflections

After teaching at a local university for ten years | decided that if | wanted to
advance in academia | had to obtain my doctoral degree. | researched various options and
Walden provided me with an option that I could work with while working at the
university. All of the courses taken at the university were intensive but | was able to
handle the coursework and do well on all of them. At times it was difficult to manage the
time to complete the work but it always worked out and | was able to finish all of my
coursework and doctoral study within the predicted three and a half years.

This doctoral study allowed me to learn how to do research in academia and how
this research can influence the society around me. One of the biggest advantages from the
whole process was the information that | was able to get from working with teachers and
being able to give back to the Ministry, the teachers and the students some tools that
might help them become better in the future.

Summary and Study Conclusions

Even though the analysis showed that performance expectancy and social
influence did not contribute in predicting the intent to use remote robotic experiments, the
model as a whole was able to confirm that there were predictors that influenced the
decision. Those predictors are the ones that curriculum decision makers should focus on
if they want the introduction of remote robotic experiments to succeed in Cyprus.

Introducing remote robotic experimentation in high schools can lead to better

understanding of computer science concepts and eventually to more students choosing an
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IT career reducing the estimated 825,000 unfilled vacancies for Information and

Communications Technology (ICT) in the year 2020 (Digital Agenda for Europe, 2015).
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Appendix B: Confidentiality Agreement

Name of Signer: Pericles Cheng

During the course of my activity in collecting data for this research: “Evaluating

Intention to Use Remote Robotics Experimentation in Programming Courses”, I will have
access to information, which is confidential and should not be disclosed. I acknowledge
that the information must remain confidential and that improper disclosure of confidential

information can be damaging to the participant.

By signing this Confidentiality Agreement, | acknowledge and agree that:

1. I will not disclose or discuss any confidential information with others, including
friends or family.

2. I will not in any way divulge, copy, release, sell, loan, alter or destroy any
confidential information except as properly authorized.

3. I will not discuss confidential information where others can overhear the
conversation. | understand that it is not acceptable to discuss confidential information
even if the participant’s name is not used.

4. I will not make any unauthorized transmissions, inquiries, modification or purging
of confidential information.

5. | agree that my obligations under this agreement will continue after termination of
the research that | will perform.

6. | understand that a violation of this agreement will have legal implications.

Signing this document, I acknowledge that | have read the agreement, and | agree to

comply with all terms and conditions stated above.

Signature: <Insert Signature Here> Date: xx/xx/2016
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Appendix C: Permission to use survey instrument
A request was sent to Dr. Venkatesh to request permission to use his instrument in
my research study. Dr. Venkatesh informed me that permissions are given through his
website http://www.vvenkatesh.com/paper/ and consequently | went to the website and
requested permission to use the instrument for the paper “User Acceptance of
Information Technology: Toward a Unified View” published at MIS Quarterly in 2003.

A screenshot of the permission request procedure is shown in Figure 9.
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Figure 9. Procedure to request permission to use survey instrument

After the request was submitted I received an email granting me permission to use

the survey instrument. The permission is shown in Figure 10.
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Pericles Cheng
School of Information Systems and Technology
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Permission to use material from
MIS Quarterly in doctoral dissertation

Permission is hereby granted for Pericles Cheng to use the material from “User Acceptance of
Information Technology: Toward a Unified View,” V. Venkatesh, M. G. Morris, G. B. Davis, and
F. D. Davis, MIS Quarterly (27:3), September 2003, pp. 424-478, specifically Figure 3 (or an
adaptation of Figure 3), the survey instrument in the appendix (or an adaptation thereof), and
supporting material as necessary, in his dissertation titled Evalvating Intention to Use Remole
Robotics Experimentation in Programming Courses, being completed at Walden University.

In addition to the citation information for the work, the legend should include

Copyright © 2003, Regents of the University of Minnesota. Used with permission.

Permission to use this material also extends to distribution of the dissertation through ProQuest
Information and Learning in electronic format, and to any academic journal articles resulting from
the dissertation. Any additional usage, including revisions or editions of the dissertation, will require
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Appendix D: Data Collection Instrument

Evaluating Intention to Use Remote Robotics Experimentation in Programming
Courses

The Grand Coalition for Digital Jobs estimates that by the year 2020 there will be
up to 825,000 unfilled vacancies for Information and Communications Technology (ICT)
(Digital Agenda for Europe, 2015). This vacancy gap is mainly due to the low number of
students graduating with computer science degrees. Even though the number of students
entering STEM fields is high, the attrition rates for computer science majors is close to 59
percent (Chen, 2013). Some of the causes that lead students to leave the computer science
field are the lack of problem-solving skills, analytical thinking, logical and reasoning,
programming and algorithmic skills (Sarpong & Arthur, 2013). This lack of skills can be
attributed to students lacking practical application of concepts during a course. By
providing students with problem-based learning (PBL) experience through the use of
more laboratory work, educators can tackle this lack of skills (O’Grady, 2012).

The purpose of this study is to provide curriculum decision makers with
information about the relationship between performance expectancy, effort expectancy,
social influence, facilitating conditions, and the intention of computer science high school
teachers to use remote robotic laboratories. The unified theory of acceptance and use of
technology (UTAUT) uses the variables above to evaluate a person’s behavioral intention

to use technology (Venkatesh, Morris, Davis, & Davis, 2003). This study can then
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provide curriculum decision makers with the necessary information that can lead to the

inclusion of remote robotic laboratories in the curriculum.
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Survey (Epgovntiké epyaleio)
| would find remote robotic experimentation useful in my teaching *
®a Bewpodoa Tov 5’ AMTOGTAGEMS POUTOTIKO TEWPAUATIGHO BonOnTikd otV ddacKaAio

*

Mark only one oval.

Strongly Disagree Strongly Agree

Using remote robotic experimentation will enable me to teach programming concepts
more quickly *

H ypnion €&’ amootdoemc poumotikov mepapaticpot Ba pe fondnoet va 6104Ew
TPOYPOUUATIGTIKES EVVOLES TTLO Yp1yopa *

Mark only one oval.

Strongly Disagree Strongly Agree

Using remote robotic experimentation increases my teaching efficiency *
H ypnon €&’ amootdcemc poumoTikoy TpoyPoUIATIGHOD AVEAVEL TV
amoteAecpaTikdTTO TG ddackaiiog pLov *

Mark only one oval.

Strongly Disagree Strongly Agree
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If | use remote robotic experimentation, | will increase my chances of getting a raise *
Av ypnoponomom €€’ OMOGTAGEWS POUTOTIKO TEWPAUATICUO, B VENGEL TIC
mOavOTNTEG LoV VO, TaP® avEnomn *

Mark only one oval.

Strongly Disagree Strongly Agree

My interaction with remote robotic experimentation would be clear and understandable *
H aAAnienidpaon pov pe tov €€’ 0mooTaoems poUTOTIKO TEWPaUATIoUO Oa gival cagng
Kot Katovont *

Mark only one oval.

Strongly Disagree Strongly Agree

It would be easy for me to become skillful at using remote robotic experiments *
Oa MTav EDKOAO Yo LEVA VO YIVe KOV XpNoTNG €5’ OMOCTAGEMS POUTOTIKOD
TepopoTIcpon *

Mark only one oval.

Strongly Disagree Strongly Agree
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| would find remote robotic experiments easy to use *
Oa £Bpiloka Tov €€’ AMOCTAGEMG POUTOTIKO TEIPUUATIGHO EVKOAO Gt Ypnomn *

Mark only one oval.

Strongly Disagree Strongly Agree

Learning to work with remote robotic experiments will be easy for me *
MoBaivovtag va epydlopar pe €&’ amocTdoems POUTOTIKA TTEpdpata Oa givol e0KOAO Yo
péva *

Mark only one oval.

Strongly Disagree Strongly Agree
People who influence my behavior think that I should use remote robotic experimentation
*

AvOpomot Tov emnpedlovy ™ cuurePPopd pov, vopilovv oti Ba tpénet va
YPNOOTOMO® TOV €5 AMOGTACENS POUTOTIKO TEIPAUOTIOUO *

Mark only one oval.

Strongly Disagree Strongly Agree
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People who are important to me think that | should use remote robotic experimentation *
AvBpmmot mov eivat onUavTIKOL Yo LEVa TETEVOLV OTL BoL TPETEL VO YPNGILOTOCW® TOV
€€’ AmMOoTAGEWMS POUTOTIKO TTEPAUATIOUO *

Mark only one oval.

Strongly Disagree Strongly Agree

The Ministry of Education in Cyprus will be helpful in the use of remote robotic
experimentation *

To Yrovpyeio IModeiag e Kompov Ba eivar Bondnticod yio ) ypnon tov €€’
OMOGTACEWMS POUTOTIKOV TEPAUATIGHOD *

Mark only one oval.

Strongly Disagree Strongly Agree

In general, the Ministry of Education in Cyprus is supporting the use of remote robotic
experimentation *

e yevikég ypappés, to Yrovpyeio Iadeiog tg Kompov vrootnpilel  ypnon tov €&’
OMOGTACEWMS POUTOTIKOV TEPAUATIGHOD *

Mark only one oval.

Strongly Disagree Strongly Agree
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I will have the resources necessary to use remote robotic experimentation *
Ba 51004T® TOVG ATAPALITTOVS TOPOLGS Y10l VAL YPTCLULOTOMC® TOV €’ OMOGTAGEWG
POUTOTIKO TEPOUATICUO *

Mark only one oval.

Strongly Disagree Strongly Agree

Remote robotic experimentation is not compatible with other educational tools I use *
O €&’ amooTioEmS POUTOTIKOC TEWPAUATICUOG OV ival GLUPATOG LE AAAL EKTOOEVLTIKA
gpyaieia ta omoia ypnoponoum *

Mark only one oval.

Strongly Disagree Strongly Agree

A specific person (or group) is available for assistance with remote robotic
experimentation difficulties *

"Eva cvuykekpipévo dropo (1 opdon) eivon oabéoun yio fondeta pe duokorieg otov €€’
OMOGTACEWMS POUTOTIKO TEWPOUUOTIOUO *

Mark only one oval.

Strongly Disagree Strongly Agree
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Debriefing

Thank you for participating in this survey. Your responses have been documented
and will be kept safe and anonymous. Your participation will help in providing
information to curriculum makers involved with the computer science curriculum to
decide whether remote robotics experimentation will be beneficial in the future.

Please note that due to the anonymity of the survey your response cannot be
removed from the system since it will be impossible to identify it.

Thank you for your participation in this study,

Pericles Cheng
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you and publisher (and CCC) concerning this licensing transaction. In the event of any
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established by CCC's Billing and Payment terms and conditions, these terms and
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Appendix F: Reliability Analysis
Performance Expectancy

Table 12

Performance Expectancy Reliability Statistics
Cronbach's Alpha  Cronbach's Alpha Based on Standardized Iltems N of Items
1770 .807 4

Table 13

Performance Expectancy Item Statistics

Mean Std. Deviation N

PE1: I would find remote robotic experimentation

. . 5.77 1.391 90
useful in my teaching
PE2: Using remote robotic experimentation will enable
. . 5.58 1.461 90
me to teach programming concepts more quickly
PE3: Using remote robotic experimentation increases
. . 5.64 1.266 90
my teaching efficiency
PE4: If | use remote robotic experimentation, | will
3.31 1.912 90

increase my chances of getting a raise




Table 14

Performance Expectancy Inter-ltem Correlation Matrix
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PE2: Using
remote robotic

PE4: If | use

PE1: lwould experimentatio PE3: Using  remote robotic
find remote n will enable  remote robotic experimentatio
robotic me to teach  experimentatio n, I will
experimentatio programming nincreases my increase my
n useful in my concepts more teaching chances of
teaching quickly efficiency getting a raise
PEL: I would find remote
robotic experimentation 1.000 .786 763 214
useful in my teaching
PE2: Using remote robotic
experimentation will
enable me to teach .786 1.000 .696 297
programming concepts
more quickly
PE3: Using remote robotic
experimentation increases 763 .696 1.000 311
my teaching efficiency
PE4: If | use remote
robotic experimentation, |
214 297 311 1.000

will increase my chances
of getting a raise




Table 15

Performance Expectancy Item-Total Statistics
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Scale Scale
Mean if Variance Corrected Squared Cronbach's
Item if tem  Item-Total Multiple Alpha if ltem
Deleted Deleted Correlation Correlation Deleted

PEL: I would find remote
robotic experimentation 1453  13.128 .696 713 655
useful in my teaching
PE2: Using remote robotic
experimentation will
enable me to teach 1472 12517 718 .650 .638
programming concepts
more quickly
PE3: Using remote robotic
experimentation increases 1466  13.711 721 .621 .655
my teaching efficiency
PE4: If | use remote
robotic experimentation, |

- 16.99  14.123 299 123 .898
will increase my chances
of getting a raise
Table 16
Performance Expectancy Scale Statistics

Mean Variance Std. Deviation N of Items

20.30 22.078 4.699 4




Effort expectancy
Table 17

Effort expectancy Reliability Statistics
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Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of Items
.840 847 4
Table 18
Effort expectancy Item Statistics
Mean Std. Deviation N
EE1: My interaction with remote robotic
. . 5.39 1.459 90
experimentation would be clear and understandable
EE2: It would be easy for me to become skillful at using
. . 5.31 1.519 90
remote robotic experiments
EE3: I would find remote robotic experiments easy to
5.04 1.226 90
use
EE4: Learning to work with remote robotic experiments
5.37 1.328 90

will be easy for me




Table 19

Effort expectancy Inter-ltem Correlation Matrix
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EE1l: My
interaction
with remote  EE2: It would EE4: Learning
robotic be easy for me EE3: Iwould to work with
experimentatio  to become find remote  remote robotic
nwould be  skillful at using robotic experiments
clear and remote robotic  experiments  will be easy for
understandable  experiments easy to use me
EE1: My interaction with
remote robotic 1.000 447 455 390
experimentation would be
clear and understandable
EE2: It would be easy for
me to become skillful at
. . 447 1.000 692 695
using remote robotic
experiments
EE3: 1 would find remote
robotic experiments easy .455 692 1.000 .804
to use
EE4: Learning to work
with remote robotic
.390 .695 .804 1.000

experiments will be easy
for me




Table 20

Effort expectancy Item-Total Statistics
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Scale Scale

Mean if Variance  Corrected Squared Cronbach's
Item if ltem Item-Total Multiple Alpha if
Deleted Deleted Correlation  Correlation Item Deleted
EEL: My interaction with
remote robotic
. . 1572 13574 476 241 .884
experimentation would be
clear and understandable
EE2: It would be easy for
me to become skallful at 1580 11151 726 552 774
using remote robotic
experiments
EE3: I would find remote
robotic experiments easy to 16.07  12.490 .788 .693 756
use
EE4: Learning to work with
remote robotic experiments 15.74  12.125 750 .684 .765

will be easy for me

Table 21

Effort expectancy Scale Statistics

Mean Variance Std. Deviation N of ltems

21.11 20.819 4.563

4
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Social influence
Table 22

Social influence Reliability Statistics
Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of Items
.852 .853 4

Table 23

Social influence Item Statistics

Std.
Mean Deviation N

SlI1:People who influence my behavior think that I should use

. . . 4.07 1.835 90
remote robotic experimentation
SI2: People who are important to me think that I should use
. . . 4.06 1.770 90
remote robotic experimentation
SI3: The Ministry of Education in Cyprus will be helpful in
. . . 4.06 1.862 90
the use of remote robotic experimentation
Sl4: In general, the Ministry of Education in Cyprus is
3.54 1.800 90

supporting the use of remote robotic experimentation




Table 24
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Social influence Inter-ltem Correlation Matrix

SI3: The SlI4: In general,
SlI1:People who Ministry of the Ministry of
influence my  SI2: People who  Education in Education in
behavior think are importantto  Cyprus will be Cyprus is

that I should me think that I~ helpful inthe  supporting the
use remote should use use of remote use of remote
robotic remote robotic robotic robotic

experimentation experimentation experimentation experimentation

SlI1:People who
influence my behavior
think that I should use
remote robotic
experimentation

SI2: People who are
important to me think
that I should use remote
robotic experimentation
SI3: The Ministry of
Education in Cyprus
will be helpful in the
use of remote robotic
experimentation

Sl4: In general, the
Ministry of Education
in Cyprus is supporting
the use of remote
robotic experimentation

1.000 .833 492 496
.833 1.000 531 611
492 531 1.000 591
496 611 591 1.000




Table 25

Social influence Item-Total Statistics
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Scale
Scale Mean Variance Corrected Squared Cronbach's
if ltem if tem  Item-Total Multiple Alpha if ltem
Deleted Deleted Correlation  Correlation Deleted
SlI1:People who influence
my behavior think that |
. 1166  21.195 713 .699 .804
should use remote robotic
experimentation
SI2: People who are
important to me think that 1167 20674 795 747 769
I should use remote
robotic experimentation
SI3: The Ministry of
Education in Cyprus will
be helpful in the use of 11.67  22.315 .615 405 .845
remote robotic
experimentation
Sl4: In general, the
Ministry of Education in
Cyprus is supporting the 12,18  22.238 .656 476 .828
use of remote robotic
experimentation
Table 26
Social influence Scale Statistics
Mean Variance Std. Deviation N of ltems

15.72 36.607

6.050

4
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Facilitating conditions
Table 27

Facilitating conditions Reliability Statistics
Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of Items
174 773 4

Table 28

Facilitating conditions Item Statistics

Mean  Std. Deviation N

FCL1: I will have the resources necessary to use remote

. . . 421 1.771 90
robotic experimentation
FC2: 1 will have the knowledge necessary to use
. . . 4.58 1.662 90
remote robotic experimentation
FC3: Remote robotic experimentation is not
3.90 1.710 90

compatible with other educational tools I use

FC4: A specific person (or group) is available for

assistance with remote robotic experimentation 4.23 1.736 90
difficulties




Table 29
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Facilitating conditions Inter-ltem Correlation Matrix

FC3: Remote FC4: A specific

robotic person (or
experimentatio group) is
FCL1: I will have FC2: I will have n is not available for

the resources  the knowledge  compatible  assistance with
necessary to use necessary to use  with other remote robotic
remote robotic  remote robotic  educational  experimentation
experimentation experimentation  tools | use difficulties

FC1: I will have the
resources necessary to
use remote robotic
experimentation

FC2: 1 will have the
knowledge necessary to
use remote robotic
experimentation

FC3: Remote robotic
experimentation is not
compatible with other
educational tools I use
FC4: A specific person
(or group) is available
for assistance with
remote robotic
experimentation
difficulties

1.000 725 330 .536

125 1.000 214 514

.330 214 1.000 440

.536 514 440 1.000




Table 30

Facilitating conditions Item-Total Statistics
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Scale
Scale Mean Variance Corrected  Squared Cronbach's
if Item if ltem Item-Total Multiple Alphaif Item
Deleted Deleted Correlation Correlation Deleted
FCL1: I will have the resources
necessary to use remote 12.71 15.489 .686 575 .658
robotic experimentation
FC2: 1 will have the
knowledge necessary to use
. 12.34  16.970 617 .554 .698
remote robotic
experimentation
FC3: Remote robotic
experimentation is not
. . 13.02  19.438 .386 217 812
compatible with other
educational tools I use
FC4: A specific person (or
gro_up) ® ava}llable for ) 12.69  16.307 632 402 .689
assistance with remote robotic
experimentation difficulties
Table 31
Facilitating conditions Scale Statistics
Mean Variance Std. Deviation N of Items
16.92 28.185 5.309 4
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Behavioral intention
Table 32

Behavioral intention Reliability Statistics

Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of Items

.902 903 3

Table 33

Behavioral intention Item Statistics

Mean  Std. Deviation N

BI1: I intent to use remote robotic experimentation when

5.76 1.368 90
it will become available
BI2: | predict | would use remote robotic experimentation
. . 5.69 1.511 90
when it becomes available
BI13: I plan to use remote robotic experimentation when it
. 571 1.588 90
becomes available
Table 34
Behavioral intention Inter-ltem Correlation Matrix
BI1: I intent to use BI3: I plan to use

remote robotic ~ BI2: I predict | would  remote robotic
experimentation use remote robotic  experimentation
when it will experimentation when when it becomes
become available it becomes available available

BI1: | intent to use remote robotic

experimentation when it will 1.000 .740 748
become available

BI12: | predict | would use remote

robotic experimentation when it 740 1.000 781
becomes available

BI13: I plan to use remote robotic

experimentation when it becomes 748 781 1.000
available




Table 35

Behavioral intention Item-Total Statistics
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Scale
Scale Mean Variance  Corrected Squared Cronbach's
if Item if Item Item-Total Multiple Alpha if
Deleted Deleted  Correlation Correlation Item Deleted

BI1: I intent to use remote
robotic experimentation

o 11.40 8.557 .788 621 877
when it will become
available
BI2: | predict | would use
remote robotic

. . . 11.47 7.645 .815 .665 .850
experimentation when it
becomes available
BI13: I plan to use remote
robotic experimentation 11.44 7.216 821 674 .848
when it becomes available
Table 36
Behavioral intention Scale Statistics

Mean Variance Std. Deviation N of Items
17.16 16.740 4.091 3
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