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Abstract:

Virtualization is a method of using computer technology in such a way that any one
individual user is able to access many other devices remotely. In other words, it allows
one computer tocontrol many others or one operating system accessing multiple
computers in order to analyse their databases. It can also be used in a way that there is no
need for multiple servers, thus reducing the numbers needed by any one organisation. This
will also allow the use of many different applications and software with less hardware.
Applications are able to run faster and there will be increased availability with more users
being able to use each piece of hardware as well as access to software lickitses, w
under normal circumstances can be expensive. The main attraction of virtualization is that
access to a virtual desktop can be global as well as local by remote access with the ever
expanding use of Broadband services, giving high speed internetsac@&ere is also
evidence to show that virtualization is growing in all areas, most importantly education,

business and commerce.

Sharing many different services via the Clousl increasing popular for both
communication and data storage and that italodipes may expand even furth@afaro

et al, 2010) As virtualization increasesurely that is the way education should evolve
alsa  Therefore should the education system now be using virtualization to provide
Knowledge as a Service? These are tiores, which will be addressed biis thesis
together withshowing thatvirtualizationwould bemore cost effective to runrad be more
flexible and fasterensumg that both academic students and staff are working with up to
date technology and resourcesFinally by using theoretical models of program
development for virtualization this thesis will demonstrate that introducing a virtual
desktop would be accepted by usénsugh here are some issues that would need

addressing prior to arsignificantdedoyment ina higher education setting.
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Chapter 1: Introduction

This thesis aims to look at whether the introduction of a virtual desktop at the University
Campus Oldham (UCO) could laefuture way of working and studying within a higher
education establishment.UCO is a small higher education establishment offering
academic courses affiliated to the University of Huddersfield. It houses an academic
library together with computing facilities for both academic students and staff. The
computing facilities are in estant demand and on occasion are not able to deliver its
services to all its users all of the time. The method of study at present is via classroom
and/or library environmentogether with study at home but without any remote access to
WKH 8&2YfVHVDFLOIREHYHU ZLWK WRGD\fV DGYDQFHG Wt
studying could be the way forward. The increased demand on the facilities raises the
question xcould a virtual desktop be the solution for all users at the UCIDfhay also

benefit the UCOn a number of ways, not least the overseas students, who would not lose
out during the term breaks, holidays, etc., as they could still access the university facilities
remotely. Before identifying whether this would be a viable solution it is important to
analyse whether users would accept such a solution. This is the purpose of this research

study.

Chapterl will outline the conceptual and organisational framework together with a look at
the aims and objectives of this thesis. Chapter 2 evalsider acdemic literature
surrounding virtualization and discuss the way it has been introduced within the education,
business and commercial environmentShapter 3 will look at the methodology used,
with particular emphasis on the survey to be undertaken. @héptill show the results

from the survey visually andnalyse these, arfthally Chapter 5 will draw conclusions

from the research undertaken.

1.1 Conceptual Framework
The conceptual framework assists the researcher in the development of any research. The
contents of this thesis will include reviewing literature surrounding desktop virtualization

and models of program development, i.e. Technology Acceptance and Us#tmither
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with the ResearchOnion model(Saunders et al, 2008) as a method of expigirthe
research methodologyPrior to deploying any new technology it is important that studies
are undertaken in order to determine whether the end users would accept the intended new
technology and whether in factwould beusable. Research questionsill be outlined

and discussed with the assistance of relevant journals, books, etc.,withialso form

part of this framework. The benefits of doing this are: clarity and focus to the project; it
assists in reenforcing what is already known aboutetisubject; and helps to better
communicate the ideas of the researBoth quantitative and qualitative research \wii

used, however it has to be noted that Miles and Huberman (1994) thought that qualitative
research was not particularly required foe thonceptual framework. Part of this
framework also involves organisational learning, which looks at different analyses and

conceptsin particular looking at attitudes, behaviours and cultures.

As this thesis involves obtaining and using information, it is also important to note that
information should be used appropriatelsO 17799 StandardAppendix 1: ISO 17799

(Security policy) is defined as:

3$Q DVVHW WKDW PD\ H[LVW LQ PDQ\ IRUPV DQG WKD
(Janssen, R, 2010)

Information as an asset is seen as any information that is documented and has value and
that it should be protecteat all costs.By following the 1SO standard, all information will
be secure bprotecting

Integrity *means that the life cycle of any data remains consistent, accurate and

trustworthy.

Availability + means ensuring that all hardware/software is relyular
maintained/upgraded and ready for use when required, so that there is no loss of

information or any malicious actions, e.g. viruses.

Confidentiality +means preventing any information being given to the wrong
people, but ensuring that it does reachdbmect ones. Some methods of achieving

this is by data encryption; passwords, user IDs etc.
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1.2  Organisational Framework
Education has underge many changes over the yeaosig gone is the blackboardow
replaced by a smart board;edching is now being deered across many
sites/campusésstablishments which means that new ways of teaching had to be
introduced. Elton(1999) states that a new way of learning requires a new kind of
institutional management This would appear to be verdifferent from the more
traditional stylei.e. a facilitative role. As th facilitative role comprises of three ks, it
appearshatthe first isapparently more acceptable:

S&UHDWLQJ FRQGLWLRQV WKURXJK SURYLGLQJ UHVRXUFL
individuals and groups of staff to put their efforts into innovative teaching and learning,

and developing favourable conditions for the continuing professional development of all
VWDII’

This quote usesV K H Z 8eelbping favourable conditions Z K Lduld dpply to new
technology being made available to assist in the way learning is delivered.

There have been many studies on organisational change (Weick, 1985; Levitt & March,
1988; Senge, 1990; Huber, 1991; Weick and Westley, 1996; Crossan et al, 1999;
Pokhareland Hult, 2010), all of which discuss organisational development, change and
learning; the concept of gaining knowledge, interpreting data and sharing all information
for continuous improvement. This meant that educational establishments clsoldak

at different ways of delivering knowledge to students.

The studies show that change is an ongoing process and that all services need to improve
in order to be more efficient and effectiviehe Department of Business, Innovation and
Skills publshed a White Papet Supporting Analysis for the Higher Educatian 2011,

which stated thathiere was more competitidmetween Higher Education establishments

than ever They had to look at way$o maintain their student intake, @®me
establishmentmay not be able to remain viahblethe future. Therefore the UCO would

need to look at ways to retain and recruit students. One way would be to improve the
services of the.ibrary and Computing Centre (LCC). This would mean that.CC has

to change wh the times to achieve qualiip order toimprove the service it provides
including making innovative changes. Thisemorces lan ®ith TV ZD\ RI
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thinking that libraries have a proven track record indicating that they are open to
organisationalchange and innovaiv ways of management.The service currently
provided to staff and students are @rdry and computing facilities, whicmvolve the

use of many software programs that can be expensive tAAbpeIidix 9 Licence cos).

This enables both staff and students to use all programs without worrying about whether

they would have to buy them for themselves.

1.3 Dissertation Aim
7KH DLP RI WKLV GLVVHUWDWLRQ LV WR GHWHUPLQH
perception of virtual desktops and their potential use could be a more effective way of

working and studying.

1.4 Dissertation Objectives

It is intended to determine the limlving objectives:
To identify whether the Virtual Desktop could be accepted by both staff and students

This will be determined by using a feedback surueing Technology Acceptance and

Usability models.
To determine howva virtual desktop would benefit ib staff and students

This will identify whether the advantages outweigh the disadvantages on the use of a
virtual desktopby staff and students at UCO.

The research questions that will be asked are:

¥ Could a virtual desktop be accepted by both staffsindents at UCO?

¥ Could the concepts of usability enhance the valwevatual desktop?

¥ Woulda virtual desktop be advantageous to all users aliG®©?

% Could virtualization be the future method of studying for higher education

establishmentsuch as the UC®
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1.5 Different Models of Virtualization

1.5.1 Introduction to Virtualization
The first recorded network communication was in 1940, when an American professor by
the name of George Stibitz, sent information from New Hampshire to auterrip New
York and received a reply the same way (Grier, 2006). Although this was of great
importance, it still required the user to manually intercede. What was needed was for
computers to exchange data autonomously with the use of both hardwareftarstes
(Liu, J, Ansari, N, 2004). SincE940computers and networks have evolved in such a way
that communication is faster and storage of information is very diffeltens initially
costly to set up and maintain data centtlesrefore large orgarasions used to rent the use
of computer power together with data storage from large data centres, e.g. IBM, who had
developed large mainframe computdfSafaro, M, Aloisio, G, 2011)It then took
approximately forty years (early 1980s) before organisatstaded to acquire personal
computers and workstations, which meant that data was acquired and stored more swiftly
than when having to rely on large external data centres. At the present time data storage is
much cheaper and network speeds are that rfastar, thus enabling economies of scale

and virtual services.

In 1965 Gordon Moore predicted that transistors on a silicon chip would increase two fold
every year, which he later altered to every two years (Ulapy, 2006). Ultimately the
OHJDF\ RRUSBIYYV /DZ" LV WKDW WHFKQRORJ\ LV EXLOW RQ
than it being discarded. An example of this are the changes made to the Apple computer
over a ten year period. Figure 1 shows that both the visual changes as well as the

specifications are very striking.

Approximately twenty years later, in the 1960s, the concept of virtualization was
introduced again by IBM. This enabled interactive access to their mainframe computers
by organisations, who could now access the physical machine albeit virtually. This
allowed organisations to save on hardware costs and improve productivity as more users
were able to access the system at the same time. Unfortunately the following years saw
hardware becoming much cheaper multiprocessing systems started to appear. €His caus

virtualization to diminish and almost disappear but the 1990s sawemeargyence of
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virtualization due to the appearance of more varied operating systems together with PC
based hardware. vEn thougtvirtualizationhas potentially very signdant benafs for IT
provision, defining virtualization was at times difficult to find. Two definitions of

virtualization found during this research were:

3«D FRPSXWHU ZLWKLQ D FRPSXWHU LPSOHPHQWH(
Jeronimo, M, 2006).

3« YLUW XD efejd tv/ the Qarious techniques methods or approaches of
creating a virtual version of something such as a virtual hardware platform
RSHUDWLQJ V\VWHP VWRUDJH @Www.deFritioRANhgQ HWZRUN U

Height: 381mm Height: 115.2mm
Width: 381mm Width: 58.6mm
Depth: 435mm Depth: 9.3mm
Weight: 15,800g Weight: 137g
Price: £1,500 Price: £599

CPU: 500MHz CPU: 1GHz

RAM: 128MB RAM: 512MB
Display: 1024 x 768 Display: 960 x640
Storage: 30GB Storage: 32GB

Figurel: ORRUHYV /DZ D Quiv.th&\Scomi 2010)
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Having defined the concept of virtualization, ttigferent models of virtualizationvill

determine the type of virtualization to use for this research.

1.5.2 Operating System Virtualization
Multiple operating systems can be run at the same time on one piece of hardware with the
use of special software, e.g. Citrix; Leostream; Propero; andsikno Networks This
allows organisations to benefit by reducing costs as they ultimately require less hardware

and power

1.5.3 Network Virtualization
This method combines all available resources within a network and dividing the available
communicatiorcapacity into routes. These routes can then be allocated to any one device
or server in real time (Pawar, U, Bhelotkar, M, 201lh)other words it allows for many
virtual networks to be created on the same server. This network would then support
Virtual Local Area Networks; Virtual Service Networks and Virtual Private Networks. It
is an open model, which can be expanded as required as well as offering the service of all

sizes can fit into one (Rouskas, G, N, 2012).

1.5.4 Storage Virtualization
Storage AreaNetworks (SANs) are commonly used for storage virtualisation. These
networks are usually linked via a high speed link to servers. This permits storage
performance to act the same as duatach storage, i.e. a digital storage system directly
attached @ a server or workstation without a storage network in between (Baker, R,
Massiglia, P, 2002). In this way data can be stored more manageably as well as

demonstrating greater capacity and availability together with improved performance.
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1.5.5 Application Vir tualization
Deployment always leads to the repetitive act of troubleshooting new problems and
maintenance of new applications and will incur extra work for any IT professional. This
model of virtualization allows better understanding of deploying apmitat It also
removes all the complexity for the user leaving only a trace ofggheating system in use.
It takesall the headaches away from the end user, e.g. the installation and uninstallation
processes (Portnoy, M, 2012). Also this method makes very easy to deploy many
applications. Large organisations must manage many different applications and must
consider the cost that is involved wheewer versions are releasedpecially when they
then have to be installed on all computers. Thik t@guld make it easier for them to
manage as well as cost savings. Finally another reason for using this method is when it
comes to the interaction between different applications. When uploading or upgrading
certain applications, there is the possibithgt they will not function as previously as they
conflict with another program. Currently there are solutions to help with this problem

within this virtualization method that the user/organisation need have no worries.

1.5.6 Desktop Virtualization
Virtualization has changed the desktop just like the server. For many orgargsation
desktop computing is becoming very expensive and in some cases inefficient. Many IT
staff may be required to deploy, upgrade, maintain HE&darge organisations, which
again reles on added resources, i.e. up to date hardware, software, and manpower,
especially if there is a help desk that needs staffing. Running virtual desktiofeiuce

network traffic androaden network resources (Portnoy, M, 2012).

Therefore, he possility of a complete computer environment for the desktop has only
become a possibility in recent years. Several organisations have already introduced this
concept, which appears to be working well. One example was that in August 2010,
Kingston University,London, introduced new software so that both staff and students

would have virtual access via their desktogsvw.kingston.ac.uk They found that this

method allowed them to deliver a more reliable learning rexpee globally as well as

locally at any time of the day.
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Figure 2: Desktop Virtualization

So why use desktop virtualization? First it allows the user to use software remotely. It
also enables the user to experiment with any applications or programs without damaging
the live compute(Figure 3. Thirdly saving of money, space and power are all important
benefits. Fourthly the user never needs to buy any products to upgrade their computer. A
final benefit is that, given advances in network and hardware performance, it is so much
faster than aive computer and there are many more options to experiment with. Currently
there are a few virtualization software programs that can be downloaded for a free trial, i.e.
VMware Player 3; VMware Server; Microsoft Virtual PC 2007 and $inual Box.
Howeer, the decision on which to choose ultimately would lie with the organisation and a

challenge for the IT professional.

However there may be users who do not feel as though virtualization is for them, i.e. those
who find it difficult using new technologyr@ccepting a new away of working. They may
also include those who do not like to try new things; those who are frightened of making
mistakes on their computer. These barriers could be remedied with training and
addressing the advantages of using newrtelogy, e.g. online storage Google Drive;

Sky Drive and Apple iCloud.Change management can often be difficult to implement.
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Forward thinking organisations see Change &sowth’, whereas traditionalistsee
&KDQJH DV 33DLQC, Kieingy, HBOHY 1989). Therefore the most important
factor in change is communication. Without communication and discussion, how can
anything change? How do organisations know how the employee will react to change? It
can be a slow process, but if the organisahas the backing of their employees, then
surely this can only be a winin situation depending on its acceptanckhis also applies

to virtualization. To overcome any resistance, improved communication is necessary to

overcome barriers. A comment magean IT manager at Stanford University stated:

S9LUWXDOL]DWLRQ LVWWR.RetW&RIRVGIAERPBEH) WU XH”’

It seems that virtualization at first glance can appear confusing and then users become
astoumed at the nosmxistent difference between the characteristics of a virtual machine
and the physical one.With the emphasis on reduction of costs together with greater
efficiency and productivity, surely resistance can be broken down once the benefits are
realised. Users of virtualization should be able to understand the need for moving towards
new technologytherwise there is the possibility they may get left behind by others in the
future. By not advancing, jobs may disappear and organisations nsayatldo the sake

of not moving forwards.Also it may be necessary to move a person from a particular role

if they continue to have a negative attitude to new technology. John Henry (1994)
suggests that when end users are involved in any change réhepee acceptant as they
WKHQ KDYH D 3 YHVWHG LQWHUHVW’

1.6 Chapter Summary

Chapter 1 briefly explained who the University Campus Oldham is and outlined the
intention for this thesis. A brief summary was given of the contents and it looked at the
backgroundo virtualization together with a brief description of the different virtualization
models and how the virtual desktop could be an advantage to both the academic staff and
students. This chapter also outlined its aim and objectives together with shating t
research questions. It was determined that the UCO needs to look at ways to improve the
way it delivers its services, especially in view that they accommodate both local and

overseas students. As was demonstrated in the case of Kingston Univessipyptiess
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has already begun in educational establishments. New technology is ever advancing and

education as to move forward also.
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Chapter 2: Literature Review

Research literature review has been defined as:

D VA\VWHPDW arfd redrp8u@ihl& iméthod for identifying, evaluating, and
synthesizing the existing body of completed and recorded work produced by
UHVHDUFKHUV VFKRO QRihK, HDZDB)SUDFWLWLRQHUV’

Research review looks at different viewpoints from a variety ofrcesuand then
interpreting and evaluating the information obtained. The findings should then assist with
the research project being undertaken. In order to help the researcher, the following may

need to be considered:
Research Questionsthese questiorghould help to direct the review.

Bibliographic Database academic articles, books, reports can help to provide information

to assist with answering the research questions.

Search Termsusing specific phrases and words can aid in the location ofeattbooks

and reports appropriate to the research being done.

Application of Screening Criteria this allows the researcher to filter out irrelevant

material by applying certain search factors, e.g. relevance to study.

Starting the Review the reviewallows the researcher to look at all information gained to

see what can be used to assist with the research.
Amalgamation of the Resultsthe results are collated and analysed.

So why undertake a literature review? The review looks at other reseamntsy which

should provide a setting for the research to be undertaken. Also it detects good practice
already taking place and offers a list of references (Birmingham, 2000). Finally a good
literature search should be able to summarise; evaluatejlesdarify and incorporate
research of others and allows the researcher to understand the research topic in greater

depth and whether there is data available which will be supportive.

Using the aboveapproachthe Technology Acceptance Model, Usabilityudes and
Application Virtualizationwill be reviewed
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2.1 Technology Acceptance Model (TAM)
The aim of using the Technology Acceptance Model for the UCO is to predict whether the
staff and students can gain an understanding of the virtual desktop and be confident in
using it. The theory behind the Technology Acceptance Model (TAM) involvesigaiki
WKH ZzD\ RQH SHUFHLYHV WKH XVHIXOQHVV RI QHZ WHFKC
intention to use a new system or product is perceived (Davis, F., D. 1989). Fred Davis
created the TAM modefFigure 3 3) based on the Theory of Reasoned Action (TPB)

(Fishbein, Ajzen, 1975), which looks at beliefs, attitude and behaviour towards new
technology.

= I I

Figure 3: Technology Acceptance Model (Davis, F., D. 1989)

Venkatestet al (2003); however developed three further TAM theory models by extending
the original model with further constructs, e.g. effort; performance expectancy; social
influence; experience; job relevance ekg(re 4 5 and 6)
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Figure 4: Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh
et al, 2003)

The UTAUT although limited is an important concept having been developed from eight
major theories that were tested globally (Im et al, 2010). An example of its application
was to use the UTAUT model to determine whether culture would have an impact on
techndogy acceptance. The UTAUT model consists of four main variables, i.e.
Performance Expectancy; Effort Expectancy; Social Influence; and Facilitating
Conditions. Im et al (2010); however felhat Qulturealso plays a part in adoption and use

of technolog. Therefore using this model they undertook studies between Korea and the
United States of America (USA) to see how culture affects the way people use information
systems.The results showed that social influence was greater in Korea, which was
expected;however behavioural intent to use was greater in the USA than Korea. This
demonstrated that the Americans were more likely to adopt new technology better that
their Korean counterparts.

Page [L14



—
/

—
~

Figure 5: Technology Acceptance Model 2enkatesh et al, 2003)

TAM 2 (Figure 5§ is an extension of the original TAM, which now includes external
variables. These include two theoretical processes, i.e. social influences and cognitive
instrumental processes (Venkatesh, V, Bala, H, 2008). Tvemsables can affect the
results of any research being undertaken.
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Figure 6: Technology Acceptance Model 3 (Venkatesh et al, 2003)

TAM 3 (Figure § is an integrated model of using TARand the elements of perceived
ease of use: computer selfficacy; perceptions of external control; computer anxiety;

computer playfulness; perceived enjoyment and objective usability. A definition of the
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different variables can be seenAppendix 2: Definitions of TAM Variables and Related
Models

7$0 KDV EHHQ UHSRUWHG LQ PDQ\ DUWLFOHYV UHJDUGLQJ
article: A Technology Acceptarc Model for Empirical Testing New Erdser
Information Systems (1986). An Extended Technology Acceptance Model was used in
Australia to determine whether sskrvice banking could be implemented (Rose, J,
Fogarty, G, 2006). The results showed that sebamkers were in need of training in

order to improve their confiden@dto be competent enough to introduce the new self
service system (Charness, N, Park, D.C, Sabel, B.A, 2001). As well as banking TAM has
EHHQ XVHG WR H[SORUH X¥ hvidele§s In@MeH QLW l[eR&) (200R) XV H
undertook this research in the early 2000s as it was becoming more apparent that wireless
internet was increasing in popularity via mobile devices. This meant that there would be
another method of communication,loating more time spent on business and daily
activities. Their research looked at the complexity of the technology; individual
differences; social influence; ease of use; user perception of long and short term use and
whether the user would embrace wisslenternet for mobile devices. The results showed

that this model can be modified as needed depending on the studies undertaken. Also they

recommended:
Only those who currently use mobile devices should be targeted

¥ A self-reporting survey would be undaken

¥ Measurement scales would need to be developed. This was due to the fact that
there were only instruments available for student samples and business users only

¥ Structural equation modelling procedures were to be used to discover any

underlying variakes (Diamantopoulos, A, 1994).

(Structural equation modeling (SEM) is a multivariate statistical framework that is
used to model complex relationships between directly and indirectly observed
(latent) variables. SEM is a general framework that invobigailtaneously solving
systems of linear equations and encompasses other techniques such as regression,

factor analysis, path analysis, and latent growth curve modéligtgin et al, 2012)
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It is also documented that TAM has been used to assess whetlivez warning could be
accepted by users. In 2005, Liu et al undertook this research to see if students would adopt
on-learning, which should make their studies more efficient. Their results showed that the

acceptance rate was very high with regardsstogived usefulness.

So why use TAM? As Davis et al (2000) exp&imAM is used in order to determine

whether any new information technology will be accepted or rejected and that results have
VKRZQ WR EH YHU\ UHOLDEOH 7 K Hsb sl & thddreGedlHnodeR 7 $0 )
for use behaviour, it was used to demonstrate whether students and staff at the UCO would

accept and use a virtual desktéjglre 7.
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Staff/Student

External Variables System Experience

Computer Experience

Perceived Usefulness Perceived Ease of Use

User Resistance to

New Technology
Attitude toward Using

Acceptance

Usability

Usage Amount

Attitude toward Using

Outcome Determined By
Survey Questionnaire

Figure 7: Technology Acceptance Model (TAM) for the UCO Virtual Desktop

In order to develop any new technology it is important to have a clear definitive
description of the proposed benefits. This will be critical in obtaining accarade
worthwhile responses from the intended end user. As a result it was determined that the

following statement would be given at the beginning of the survey questionnaire to assist

the end user:
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37KLV UHVHDUFK DLPV WR ORR Mghiggktdpkirtuaisatiov atE L O L W \
the UCO for both staff and students. Desktop virtualization will allow you to use any
operating systems, e.g. Windows; Linux; Mac OS X; from your own home computer
without affecting your home computer. This means that you cacddss any

programs via the University network as if you were actually in the building.
Therefore all those expensive programs could be used without having to buy them. It
would be free to use and has been known to work faster than a physical computer.
There would also be the ability to store all your work on your personal university

file, without having to save on external hard drives and physically going into the
university to download all your files. However you would need an internet
connection, may géogged out automatically, may not have as high performance as
\RXU KRPH FRPSXWHU GRQYW VDYH ORFDO FRSLHV D1
ZRUN ~

The text aims to briefly inform the user of what the service is and how they would benefit
from it. It isalso intended to provide a realistic understanding of the technology and its

capabilities.

In conclusion, previously mentioned studies have shown that TAM has been a useful
theoretical model when implementing information systems. It helps the resetocher
understand and explain user behaviour as well as providing results that are statistically

reliable.

2.2 Usability

Usability in the International Organisation of Standardisation (ISO) 9241 is defined as:

37KH HIWHQW WR ZKLFK D YV tawelwseddy specikiddWserslio VHU Y |
achieve specified goals with effectiveness, efficiency and satisfaction in a specified
FRQWH[W RI XVH’

Unfortunately this definition does not take into account the fact that usability changes over
time. However usabilithas five attributes, which can be measured: Efficiency; Errors;

User Satisfaction; Learnability and Memorability. Some of these attributes may be more

Page PO



important than others depending on what is to be applied, e.g. if the application is time

critical thenefficiency is crucial in order to prevent errors.

2.2.1 Different Usability Evaluation Methods
There are three different ways of evaluating usabilityJser Centred; Heuristic and
ModelBased. A combination of both Use€Centred and Heuristic methods hdesn used
for this research.

User Centred Looks at ways of developing a process, which allows the problems
encountered by users to be ensnared when using new technology and applying a software
product to assist with this. Again this method is divided inio types of user evaluation,

i.e. Formative and Summative. Formative evaluations involve obtaining user feedback in
the early stages of any designs or concepts. This means that evaluation needs to take place
fairly swiftly so that changes can be madesasn as possible to any prototypes etc.
Summative evaluations are more formal and document the characteristics of the product

being evaluated. A good experimental design is crucial for summative evaluation.

The main advantage to this type of usabilityaleration is that it relies on user
involvement. Unfortunately it can be very time consuming and costly. Also it can be

difficult finding enough users to be representative of the evaluation.

Heuristic: Studies show that Heuristic evaluation (Nielson1294) appears to be the
most popular used evaluation method. It is less time consuming and inexpensive than user
centred and it uses a small set of ten evaluators but quite often it is common to only use

five:

¥ Visibility of system status

¥, Match between thgystem and the real world
% User control and freedom

¥ Consistency and standards

% Error prevention

% Recognition rather than recall

¥, Flexibility and efficiency of use
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¥ Aesthetic and minimalist design
¥ Help users to recognise, diagnose and recover from errors

¥ Help and documentation

One advantage to this method is that it can be used in the very early stages of the
development process. However it can be equally difficult in the summation of any
findings from diverse evaluators as they could testify to problemsfatatif levels. This
method also indicates that all usability problems may not be equal. This means that the
more serious problems may need to be prioritized by the development team. It must be
noted here that manuals or instructions will need to belales® for the end user due to

limited user involvement.
Model tbased There are a few different model based evaluation methmadigding +
GOMS (Goals, Operators, Methods, and Selection) Model

This evaluation method relies on data developed from hyseareptions, memory and
cognition. It also includestshort and long term memory capability; visual and audio
processing; and cognitive and motor processing. With these attributes researchers are able
WR XQGHUW D N Hhage@ ohpfddiCti®ms vepat@arice from the mode{Scholtz,

J, 2004) Unfortunately this method is unable to evaluate possible errors but to just to

evaluate the technical characteristics of usability.

EPIC (Executive, Process, Interactive, Control) + this method mimics the

human system of perception and motor performance.

ACT-R model taids in the evaluation of gathered information from websites,

which is found to be of value.

ACT-IF model t WKLV HYDOXDWLRQ PHWKRG ORRNV DW XVH
decisions as to whiclinks of the web they go to in order to fulfil their research

goals.

These model based methods are less costly than others. Unfortunately these methods are
time consuming as it is necessary to observe users when they perform certain tasks, but

vital to e how accurate the model calculations are likely to be.
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In 2010 Viitanen et al undertook a usability study in Finland to see whether a group of
physicians could use a single information system within the health informatics field in
order to inspire themotvards a more holistic approach. Using both a user centred and
heuristic approach, they focused on the user, systems, activities and environment. Once
the questionnaires had been analysed, it emerged that a number of usability problems were
evident betwen with the information system and their routine work. However this

information showed how critical information systems are for the physicians.

Although this report identified usability problems, it seems that studies do show a variety
of usability problens within the virtual reality environment. Sebok et al (2004) discuss
technical issues with navigation. This research led to theavakiating which factors
were essential in improving navigation, i.e. flexibility; feedback; constraints and control
dynamics. Another reported problem is usability within a culturally diverse environment.
It would appear that usability problems are likely to occur more in the Far East, i.e. India,
China or Malaysia (Clemmenson, T, 2012). This study showed country sgeoiilems,

e.g. in China there were problems with Microsoft Office Word in general regarding

characters, background, print preview, and colour etc.

It is clear from studies that usability needs to be at the forefront of any new development
process. Onasability issue with virtual reality is the environment. Bowman et al (2002)
describe such an issue with head mounted displays, whereby the user is unable to see the
environment of the physical world. The solution would be to make sure that users cannot
injure themselves, i.e. tripping over objects or bumping into walls and ensuring the
surrounding environment is safe. There is also the unpredictability of the network
especially when more there is more than one user. A-omséti system could also caus

usability problems as each user will have their own input and output devices.

2.3 Evaluation of TAM and Usability
It is easy to see that there is a relationship between usability characteristics and perceived
usefulness (PU) & perceived ease of use (PEB)8 IRFXVHV RQ WKH HQG XVH
insight of productivity, job performance and effectiveness with the support of IT.
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TAM, however, has been shown to be a suitable theoretical model to use when
GHWHUPLQLQJ D XVHUTV EHKDY LcRIOgyW Rt only Gaé ithétA L QIR U
used in many researches as previously stated but it has shown to produce reliable results.
Even though it has been successful for many projects, it is not without flaws. Turner et al
(2009) undertook a study to show whetAé&M could actually predict actual use. The

results showed that problems could arise if the research questions were not set adequately,

i.e. PU and PEU may not be good predictors of usage due how diverse the results could be.
Other factors affecting 18nformation systers) satisfaction can be seen Appendix 3:

Factors Affecting Information System Satisfaction (Bailey, J. E. Pearson, S.W, 1993)

However, from the research undertaken to date, it appears that when any new information
technology is to be implemented, TAM is one of the main models chosen. Despite this

there aresome fators to consider first:

¥ Research would bring better results within a business environment even though
there are costs involved, as more empirical results could be achieved.

¥ Although most studies looked at systems and software development, there appears
to be a need to look at business process applications also.

¥ TAM measures selfise variances rather than system use, which is will not be an
accurate measure, and therefore can only act as a comparative value.

% Finally, any new information service should cioies how it could affect the
organisation as a whole. Change management and innovation have been known to
make a great impact on outcomes; therefore managers need to be aware of this

before implementing any new strategy (Legris et al, 2003).

When it comedo evaluating usability methods, it is important to identify performance
measures. In 1995, Bastien and Scapin identified these three basic performance measures:
Thoroughness; Validity; and Reliability. However Hartson et al (2010) felt other metrics
should be added, i.e. Effectiveness (a grouping of thoroughness and validity together);

Cost Effectiveness and Downstream Utility.
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Thoroughness was defined by Sears in 1997 as:

3Number of real problems found + Number of real problems that exigdartson
et al, 2010)

This measure can also be used to look at the severity of problems using the same equation,
but Nielson (1994) advised caution regarding reliability as group results were better
recorded than individual ones.

Validity twas again défied by Sears (1997) as:

Number of real problems found + number of issues identified as problems
(Hartson et al, 2010)

Using this measure ensures that results will yield 100% validity for all contributory

methods of usability.

Effectiveness + as previosly mentioned is a combination of both thoroughness and

validity, i.e.thoroughness x validity

Reliability + measures the consistency of testing results. Usually this is based on an
agreement between two or multiple sets of ranking data (Hartson2214l). Reliable

data therefore will depend on how valid any testing is. Also increased thoroughness
should improve the reliability of data collected.

Downstream Ultility +this measures the overall usefulness of any usability data collection.

Cost Effetiveness- this measure determines whether the undertaking of a usability study
would be less expensive by using maximum effectiveness. However both cost and
performance will need to be assessed, but it should be noted that it needs to be both

consistents well as accurata order to obtain the result required.

2.4  Application Virtualization
What is application virtualization? Application virtualization programs are the operating

platforms, which run and manage the virtual machines as well as run tred phdgrams
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from the live desktop. The thinking behind this is to remove many of the stgrporing
configuration problems from the live desktop applications (Infoworld, 2007). With
application virtualization, there is no need for the use of appseoR@desktops; in the
same way that desktop virtualization enables any user to enter the entire desktop

environment.

There are three styles of Application VirtualizatianAltiris; Microsoft and Thinstall.

Figure 8demonstrates how the Altiris approactesis filter driver to divert input/output
demands from all the operating processes and then examines them to decide which ones
should be ralirected to its virtual system file cache.

Altiris

Local Application Local Application

SVS Filter Driver

Figure 8: Altiris SVS (adapted from www.infoworld.com . 2007)
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Microsoft SoftGrid

Local Application Local Application Virtualized Application<

——> SoftGrid Agent 65

SGKernel Drivers

Figure 9: Microsoft SoftGrid (adapted from www.infoworld.com . 2007)

The next approach is the Softgridigure 9, which shows how this application restricts
the way itreURXWHV LWV FKHFNLQJ V\VWHP WR WKH YLUWXD

user and kernel mode components.

Thinstall: Virtualized Application<———

Local Applicati icati .
ocal Application Local Application SoftGrid Agent <

Figure 10: Thinstall (adapted from www.infoworld.com . 2007)
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Finally Figure 10 demonstrates how the Thinstall application takes away the local
operating system by surrounding its virtualization logic inside the newly created

application programs.

As well as the applicationhére may alsbe the requirement for an isolated virtualization
environmento be runon a live PCknown as a virtual machine.Every virtual machine
would run the same as a live PC, i.e. with a memory; CPU; hard disks; graphic cards etc.
Langmann and Arts (2012)ate thatit has been recognisedrtual machineshave some

disadvantages:
Decrease in performance

¥ Cannot focus on all hardware or match it

% Can be a problem accessing the graphics card

¥ A partnership of servers could be at risk if just one virtual machilse fa

¥ Due to the complex nature of virtualization, it may be necessary to invite further

expert advice for its installation and operation
The virtualization software currently available to run on virtual machines is:

Microsoft £this is a free download frorklicrosoft. It allows the virtual machine to run
different operating systems on the same desktop, including DOS, all versions of Windows

down to Windows 95 as well as a Mac version.

Parallelstthis software is aimed for Windows and Linux as well as forMlae. It also
has hypervisor technology built in that allows for the performance of input/output to reach

new heights.

VMware tthe aim of this software is to provide virtualization form the data centre directly

to the remote user.

The Citrix systems havbeen used for quite some time in server based computing but

reportedly sees itself as a pioneer in application virtualisationw(infoworld.com

2007). However its future success will depend on whether Progagioi (for faster
application streaming) continues to be an example of the services Citrix are developing in

order to maintain its place as a dominant player in the application virtualization field. Its
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main aims were to reduce the number of softwaraies required for staff and to speed

up the time applications are delivered (Enterprise Management Associates, 2006).

Finally, as virtualization is easy to implement and becomes more in demand, there are

some things that need to be considered.

1. The age of the hardware, which is to support virtualization may need to be
addressed. Some software may require hardware upgrade; however Microsoft and
VMware an still run on older hardware platforms (Otey, M. 2011).

2. It is important not to include virtudiard disks when the host is performing an
antivirus scan. If is this ignored, it could reduce the performance of the virtual
machine.

3. Individual users should still back up their data at local level for data protection but
can still use the host back upstem in case of need for emergency recovery as the
host image can be restored on a different virtualization host.

4. 1t is imperative that the virtualization host has live security due to the number of
possible users accessing the service.

5. It is not necessgrto keep the default settings of the host. When settings are
changed, one has to remember set the workload of the virtual machine to reflect the
settings of the network, disk, memory and CPU.

6. It is better to have one virtualization host for each virtuachine. This will
enable a higher utilization of the hard disk drive than a live computer and in this
way the host is able to notify the user on the machines utilization levels.

7. It is important to remember to have enough host memory for both the virtual
machines and virtualization as the live machines still rely on physical RAM
memory.

8. Another point to remember is to have sufficient host network adapter cards. This is
due to the fact that in the server environment, the network bandwidth is channelled
trRXJK WKH KRVWY{V QHWZRUN DGDSWHUV IURP DOO

traffic from the virtual machines could become a big strain on a few adaptors.
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2.5 Chapter Summary
Chapter 2 looked at a review of the literature pertaining to the Technology Acceptance
Model, Usability and Application Virtualization. It is evident that TAM has been used in a
variety of environments as a way of evaluating how users would accept rrevelteyy,
i.e. higher education; banking; medicine etc. The different TAMs enable the researcher to
decide which one is the best for any one particular project. The different usability models
show that again this is a necessary tool to determine haw perceive new technology to
be useful and effective and whether ultimately they would accept any new technology that
was to be introduced. An evaluation of both models was looked at and it was decided that
a combination of both TAM and Usability modelsually suits most projects. Finally a
look was taken at application virtualization. Research showed that it can lower costs of
desktop management by being able t@s&ablish new applications quickly; more major
companies are moving into this fieldg.iMicrosoft, Citrix, VMware, and Symantec; and it
allows the configuration of any application the user requires for the virtual desktop.
Finally possible pitfalls wereeviewed identifying thosewhich should be avoided when
implementing application vigalization. Chapter 3 will now showow the research
approach has been developéa order toavoid these pitfalls andcquire the desired

outcome.
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Chapter 3: Research Methodology

The previous chapter involved looking at available academi@titex pertaining to the

Technology Acceptance Model and Usability and how they allow the researcher to:

o

1. Identify opposite viewpoints

2. ldentify openingsn the current knowledge base
3.
4
5

6DYH WLPH E\ DYRLGLQJ RWKHUVY PLVWDNHV

. Be able to build on the knowledgeailable
. Be part of a network, providing useful material from others in the same field of

work

Broaden own knowledge in chosen topic

7. ldentify the most informative and original pieces of work related to this research

Provide evidence around the chosen d¢opith other related work that has been
undertaken
Provide information and concepts that may be relevant to the research being

undertaken

10. Provide other methods of research that could be useful to the researcher

Miles andHiberman (1994visualiseda reseach methodology in the same way agtimg

a jigsaw puzzle togethemowever, Kaplan (1973) suggests that methodology both

describes and analysesthere is a clear difference as to how different methodologists

view things. Setting different parametersowal$ for the researcher to decide which is the

best suited for the work to be undertaken. Once the appropriate methodology has been

chosen, in this case using both the Quantitative and Qualitative methods, it wiligsihed

on the beliefs and results aglas limitations and resources. However, it has to be noted

that research can produce unexpected results and that is when it becomes more interesting.

In order to undertake a good piece of research, certain characteristics might be required as

Campbellet al (1982) set out. These are:

¥ Activity and Involvement it is imperative that the researcher always maintains

contact with colleagues when out in the field.

¥ Convergencetwhen one or more ideas come together to formulate a plan
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¥ Intuition + having the knwledge to understand if the work being done is
appropriate, timely, relevant etc.

¥ Theorytbe aware of the theories supporting the research

¥ Real World Value +problems encountered in the field resulting in concrete ideas.

However Saunders et al (2008), sty W XVLQJ WKH tetsIHIIY MEdglR QLR Q I
enables the researcher to look at different variables, which could hinder or benefit any
research, e.g. how to undertake sample survey; what questions need to be asked; and who
will be part of the researafproup, etc. The answers could have a big impact on the end

result.

3.1 Methodology
Prior to any research there are certain questions to be a¥bdt is the topic? Why is
the information needed? How is the information to be collected? What is the information
going to be used for? The most important factor is suggested by CoheionNaal
Morrison (2000) that all research should be fit for purpose. So what methods are required
to obtain the information needed? This will be determined in due course as research can
have different meanings to different people. But no matter how dhefimjtions there are,
it appears that most definitions indicate that research is systematic; methodical; increases
knowledge; and involves investigation. Therefore it is important that a research strategy or

plan is formulated.

In order to undertake botprimary and secondary research, it is important to find the truth
about any one given subject, in this caseuslization. So what is truth if the German
SKLORVRSKHU 1 ltHeén/iE\nE ueEh Wik @sNtHe YuehIt appears that there is a
great variance in what philosophers define as being the truth (Vanzo, A, Z0d@h is
something that is accepted for being real produced by truth makerthisAspic area is

too vast, it is left up to the researcher to accept academic literaturangstioghful.
Although there will be differences in the literature, there will be a common thread that
should assist anyone undertaking research in any one particular field. Information

gathered will be either subjective or objective and needs to benuietel, which is
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DSSURSULDWH WR FRQYVL Gially itRshlR Qddds¥ariRtd QonSitdeRBdtH F W

deductive and inductive research.

Deductive research uses theoretical and conceptual frameworks before testing. It is based

on concepts, rulegperationalizationinstructions and corroboration (Johnson, G, 2005).

Popper (1972) argues that theories can be falsified and cannot always be proven to be true
and therefore defined scientific theoriesa#a FDSDEOH RI HPSLULFDO WHVWI
SKRXOG QRW FRQILUP WKHLU WKHRULH®iIllEIXaNd Yéluhsoly KHL U X
G. (2005) however, suggest that after all this, a core theory is left that has not been
disproved. The problem with deduction, however, is that not everyohagngle with the

concepts and assumptions made through the notion of the social sciences. This deductive
research involved looking at the theories already tested surrounding the technology

acceptance model and usability studies.

Inductive research is thepposite of deductive research, which involves looking at the
theory behind what has been observed, compared to observing the experiential aspects.
These two methods of reasoning are very different. Inductive research is more exploratory
and open endedyhereas deductive research is more concerned with testing theories.
Therefore the inductive research undertaken was by means of computer user survey
guestionnaires, which enabled the researcher to see how users understood and were
receptive to the possiintroduction of desktop virtualization within the UCO.

3.2 The Research Onion Model
Saunders et al (2008) recommended that when contemplating any research, certain criteria
need to be considered, e.g. whether interviews are to take place or questi@raaindse
administered. Also if there are any problems relating to data collection techniques. In
view of the various criteria to be considered a research onion model was devised showing
that any research has various layers that need to be peeled/svegn be seen Wyigure

11, these layers make up a variety of issues that need to be considered.

This method is useful in a variety of settings. WIPRQ global energy consulting

organisation produced a white paper on the improvement of operationgl ssifeg the
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onion model Wwww.wipro.com W DOORZHG WKHP WR ORRN D IRXlI

practices to improve their operational safety to make it more effective. In 2011, the

University of Iceland presented a pam# a conference regarding patterns of electoral
reform, again using the onion model. This allowed them to look at how the analysis of the
mixed reform packages were structured (Jacobs, K, 2011). Finally within the education
sector, the onion model wassed to look at levels of change needed in order to look at
WHDFKHUVY FR QrEgdlated learQing RiecicH\VD 0. Grmek, M, 1, 2010). These
levels involved looking at behaviour; competencies; beliefs; identity; and mission. So
applying the modeto this research, seems applicable in view of the criteria, which needs
to be considered, i.e. which Paradigms/Philosophy; whether to be deductive or inductive;
whether to use quantitative or qualitative data or mixed method approach; and the type of
dat collection and analysis.

Figure 11: The Research Onion Model (Saunders et al, 2008)
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3.3 Research Design
Research design involves devising the plan and procedure for undgréalinresearch.
The researchewill then consider whether there are likely to be any research problem;
researchssues and any personal experiences. Bryman (2008) considered that there could
be influences on the research design, i.e. Theory; Practical Consideration;ggxiolo
Ontology and Epistemology.Therefore a framework is needed for this research design.
Such a framework includes research paradigms; philosophical worldviews; research
strategies andesearchtechniquegseeFigure 13. Once the design has been chosen and
implemented, # data is then collected and analysed and the findings should produce an

end result, whether it is one expected or unexpected.

Philosophical
Assumptions: Ontology

Epistomology

Research
Paradigms/Philosophies

Positivistic
Phenomenological

Mixed Methods )
Research Techniques: Research Strategies:

Data Collection Positivistic
Data Analysis Phenomenological

Interpretation Mixed Methods

Figure 12: Research Design Framework (adapted from Creswell, 2009)

One definition of reseahncparadigm is:

87R HVWDEOLVK UHODWLRQVKLSY EHWZHHQ RU DPRQJ
a phenomenon by going beyond the local event and trying to connect it with
V L P L O D U(MeNdA<Q 2U05).
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However Saunders et al (2008) define resepachdigm as:

3$ ZD\ Rl H[DPLQLQJ VRFLDO SKHQRPHQRQ IURP ZKLF¥
WKHVH SKHQRPHQD FDQ EH JDLQHG DQG H[SODQDWLRC

Although both these definitions are worded differently, they do in fact both mean the

same.

Creswell (994) refers to two main research paradighositivistic (qualitative) and Post

Modernism (quantitative), however Gephart (1999) outlined three research paradigm
characteristicsTable ). The researcher will adopt a certain paradigm depending on their
beliefs and philosophy, i.e. Positivistic (objective) or Phenomenological (subjective).

However there are a lot of philosophies based on Ontology and Epistemology & Axiology.

32QWRORJ\ LV FRQFHUQHG ZLWK WKH QDWXUH RI UHD
have about the way the world operates and the commitment held to a particular
YLHZ™ 6DXQGHUV HW DO

One aspect of Ontology is objectivism. It allows for impartiality when looking at reality
from a social perspective and external factors that Iseagoncerned with their existence.

The second is subjectivism, which supports the fact that social phenomena are constructed
from the perceptions and any ensuing actions of the social factors concerned with their
existence (Saunders et al, 2009). In vieWthis, the Researcher has to seriously
contemplate as to whether Reality is Objective or Subjective.

S8(SLVWHPRORJ\ LV FRQFHUQHG ZLWK WKH VWXG\ RI N
EHLQJ YDOLG NQRZOHGJH™ &ROOLV - +XVVH\ 5

7KH HSLVWHPRR WRPOEINIA K that they believe that findings, which can be
measured and observed, can be seen as valid knowledge. In so doing they try to remain
objective, which leads to a Positivistic Paradigm. On the other hand their view on
Phenomenology isWKDW DQ\ ILQGLQJV ZRXOG EH EDVHG RQ DQ
reality. Also there appears to be remoteness between the topic being researched and the

researcher, which leads to the Phenomenological Paradigm.
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3$[LRORJ\ WKH VFLHQ FeHabRes us XoPideQifyytibeOnxekh®l valuing
systems that influence our perceptions, decisions and actiondearly understand

"why" we do what we dé (Hartmann, R, S1973.

Axiology is in fact the way the researcher looks at the way values have trplay in
research. The axiological assumption of a Positivist is that they believe that research is
value free. In this way they are removed away from what they are researching. From the
opposite end, a Phenomenologist sees that the Researchatuess Jn this way they are

fully involved with the research process and understand that values assist in recognising

the facts and their interpretation.

PHENOMENOLOGICAL

POSITIVISTIC
(QUANTITATIVE)

POST MODERNISM
QUALITATIVE

ASSUMPTIONS

Inter-subjective world which
science can represent with
concepts of concepts of

actors; social construction @
reality

Objective world which
science can 'mirror' with
privileged knowledge

Material world of
structured contradictions
and/or exploitation with
can be objectively known
only by removing tacit
ideological biases

KEY FOCUS or IDEAS

Search for patterns of
meaning

Search for contextual and
organizational variables
which cause organizationa
actions

Search for disguised
contradictions hidden by
ideology; open spaces for
previously silenced voices

KEY THEORIES IN
PARADIGMS

Symbolic interaction; ethno

Contingency theory;
systems theory; population

Marxism; critical theory;
'radical' perspectives

methodology; ecology; transaction cost | PM: post structuralism;
phenomenology; economics of organizing; | postmodernism;
hermeneutics dustbowlempiricism deconstructionism;
semiotics
KEY FIGURES Goffman; Garfinkel, Schutz] Lorsch and Lawrence;

Van Maanen, David
Silverman

Hannan and Freeman;
Oliver Williamsmn

Marx; Habermas: Offe

GOAL OF PARADIGM

Describe meanings,
understand members'
definitions of the situation,
examine how objective
realities are produced

Uncover truth and facts as
quantitatively specified
relations among variables

Uncover hiddennterests;
expose contractions; enab
more informed
consciousness; displace
ideology with scientific
insights; change

NATURE OF
KNOWLEDGE or
FORM OF THEORY

Abstract descriptions of
meanings and members=
definitions of situations
produced in naturalontexts

Verified hypotheses
involving valid, reliable and
precisely measured
variables

Structural or historical
insights revealing
contradictions

CRITERIA FOR
ASSESSING

Trustworthiness

Prediction=Explanation
Rigor;

Theoretical consistency

Historical insights
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RESEARCH

Authenticity

Internal &external validity,
reliability

Transcendent
interpretations

Basis for action, change
potential and mobilization

UNIT OF ANALYSIS

Meaning; symbolic act

The variable

Contradictions, incidents o
exploitation

PM: the sign

RESEARCH METHODS
and
TYPE(S) OF ANALYSIS

Ethnography; participant
observation; interviews;
conversational analysis;
grounded theory
development

Case studies; conversation

Experiments;
guestionnaires; secondary
data analysis; quantitatively
coded documents
Quantitative: regression;
Likert scaling; structural
equation modelling

Field research, historical
analysis, dialectical
analysis

PM: deconstruction, textug
analysis

Qualitative: grounded
theory testing

and textual analysis;
expansion analysis

Table 1. Research Paradigmgqadapted from: www.division.aomonline.org)

As previously stated Grswell (1994) refers to two manesearch paradigms: Positivistic

and PhenomenologicalThe traits of the Positivistic Paradigm tend to have the following
traits: - takes a broad view from a sample population; decrease in validity; secrea
reliability; location is usually artificial; highly specific and precise data; tends to be too
concerned with hypothesis testing; large samples are used; and quantitative data is used
(Collis, J. Hussey, R. 2003)

However, the Phenomenological Paradigm has these traitsere is a tendency to
generalize from one situation to another; increase in validity; low reliability; expected
location; data is in abundance and general; too concerned with creating theoalks; sm
samples; and qualitative data usalfhen setting a research plan it is necessary to decide
which research paradigm is to be used as it is important to be objective (by not making

assumptions) even though subjectivity may play a part?

3.4 The Research Process
The research process allows the researcher to map out how the research is to be undertaken

and to determine whether any issues may hinder the process, e.g. ethical issues and/or
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limitations. Also the researcher needs to decide if any sampliades tindertaken and

what form this will take.

Howard and Sharp (1983) propeseseven step research prood@sble 3:

IDENTIFY BROAD AREA

SELECT TOPIC

DECIDE APPROACH

FORMULATE PLAN

COLLECT INFORMATION

ANALYSE DATA

PRESENT FINDINGS

Table 2: Research Process (Howard, Sharp, 1983)

They stress the importance of taking extra time with each part of the process, in order to
avoid problems later on. However it must be determined which process is reguired
Qualitative orQuantitative. Qualitative research is a collection of data involving numbers.

It should be noted that the interpretation of this data can be limiting. Quantitative research
although not involving numbers may give more clarity to the findings. Asaselhe two

paradigms, Creswell in 2009 described the use of Qualitative and Quantitative Research.

Quantitative research is a way of challenging objective theories by looking at the
association between the variables. The measurement of these vaeaaldss the
analysing of numbered data with the use of geometric processes. Also this research allows
assumptions to be made regarding testing theories logically. Finally bias is prevented by

the Researcher including some form of prevention.

Qualitativeresearch looks at research from an individual point of view. Data is usually
FROOHFWHG ZLWKLQ WKH SDUWLFLSDQWTV ORFDWLRQ g
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the facts to the broadness of the topic, whereby the results of the data is iedeogréte

Researcher.

Figure 13shows the different characteristics of both Quantitative and Qualitative Data
(Samuel, A, 2012). There are no strict rules as to which method to use but the
consideration is if quantitative data is required then the pamathguse is Positivistic but

if qualitative date is required then the Phenomenological paradigm should be used.
However, why does the Researcher need to rely on one method? Is there any reason why
there could not be a mix of the two? In fact lookingh&t characteristics of both these
methods, there could be occasions where some characteristics of both would apply.
Therefore, would a mix of the two be an acceptable approach? Now that there is a Mixed
Methods Approach, this could be the appropriatehogetfor many researchers. In this
instance, a mixed methods approach was used as the research has components of both
quantitative and qualitative data. Two methods of research were undertaken, i.e.
guestionnaire and documentation, but before this thearels onion model was used to

look at the different layers of the research process.

Quantitative Qualitative
%1 When looking for causes and facts ¥ Understanding behaviours
¥4 Controlled measures ¥ Observation without control
¥4 Objective ¥ Subjective
% Predictive % Inside perspective
% Outside Perspective % Explanatory
¥ Deductive % Descriptive
¥ Verification oriented % Process oriented
% Outcome oriented % Holistic
Y4 Specific ¥ Open
% Closed % Assumption of a dynamic reality
¥ Assumption of a stable reality

Figure 13: Characteristics of Quantitative and Qualitative Data
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3.5 Primary Research
It is documented that questionnaires or surveys are not very accurate (Oppenheim, 1996).

This is usually due to certain factors, i.e.

¥ Return of incomplete questionnaires

¥ Incomplete stvey responses

¥ Survey/questionnaires completed by someone other than the respondent

% Low response rate

% )DOVLILHG UHVSRQVHYVY WKRVH FRPSOHWLQJ WKH IRU

Even though there appears to be a lot of criticism regarding this method afryprim
research, it was decided that a feedback survey questionnaire would be the best method of

sampling to use in this instance due to location and the numbers involved.

A feedback survey can be a good way to measure user satisfaction and possible acceptanc
of products/services. Focus groups or individual interviews were unrealistic as it can be
difficult for staff to set time aside from their work, or for students to take out precious
study time. Therefore survey questionnaire was decided on so that@uld have ample

timeto complete at their leisure.
In order to undertake any form of survey, the researcher needsguler the following;
¥ Question design
% How to administer the questionnaire?
% Sampling +size and who to be included
¥, Ethical issues

¥ Significanceand any limitations (both theoretical and organisational)
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SeeFigure 14regardinghe research choices made.

Question Design | The questions will consist of a combination of dichotomy
(yes/no); multiple choice; and ones, which were measuvédle

the Likert scale

Administering the | The questionnaire will be sent via a link in an email to all staff

Questionnaire members and all students

Sampling Sampling would consist of 209 users84 students and 25 staff
Ethical Issues It would be deternmied whether there would be any ethical issy
Significance & Organisational: This research is to look at whether there woul
Limitations any impact on the UCO.

Theoretical: By looking at the Technology and Usability Mode
this research could botpply them to the project as well as loo

at how they have been used by other organisations.

Figure 14: Research Choices

3.5.1 Questionnaire Design, Administering and Sampling
Having decided that a feedback survey questionnaire waséthod of sampling, the next
step was to look as to the type of design needed; how it was going to be administered and
decide what the sampling strategy would be. Primarily the structure and content of the
questionnaire had to be user friendly. Thetrs#®&p was that in order to get an informed
response, certain criteria had to be considered, i.e. questions should not be open ended; any
alternative answers required should be short and to the point; consideration should be
made as to whether single or Itiple responses are required; if there would a need for
SDQRWKHU” DV DQ DQVZHU FDWHJRU\ LQ RUGHU WR EH DE

The directive for the respondent has to be straightforward and well defipper(dix 4:

Usability Questionnairgs There is then the assumption that the respondent gives
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informed consent on return of the completed survey questionnaire (Cooper, D, R.
Schindler, P, 2006) as the respondent has been tfieeeasons for the survey and how it

will be conducted. Another criterion to consider was to make sure that the questions asked
would not be biased in any way. Also the questions had to cover the topic being discussed
and should be impartial. Finalljhére should be no deception by omitting any of the
reasons for the survey and so a statement was made at the beginning of the questionnaire
outlining in detail, what the survey, was about and the reasons behiAdpier(dix 5:

Virtual Desktop Questionnaiye As it was to be an anonymous response, it was hoped that

the respondents would be more honest with their replies.

Together with these criteria, it was decidedttki@e survey questionnaire would be
designed, which would be able to give feedback on usability and technology acceptance.
It was decided to ask the demographic questions at the beginning of the survey, even
though it is reported that these should be dske/ards the endvvw.userfocus.co.yk as

many users may see them as too boring and be put off from completing the survey. As this
research includes looking at the usability factors, the questionnaire chosertheva
Computer System Usability Questionnaire (CSUQ), which was tailored for this survey.
There are a variety of usability questionnaires availaBlppéndix 4: Usability
Questionnaires which can be freely downloaded via the internet. The questions set using
tick boxes, were a combination of dichotomy (yes/no); multiple choice; and ones, which
were measurable via the Likert scale (Robson, C, 2002). The answts fokert scale
consisted of: Definitely Not starting as number 1 wiéfinitely at the other end of the

scale at 5.

The next step of the design process is to look at its reliability. Reliability in this context
means consistent (Oppenheim, A, N, 199@ppenheim (1992) suggests that fewer errors
are made if the questions are consistent. Should there be a difference on two different
occasions then there could be an indication of a change measurement or it could be
genuine. Denscombe (2003), howevedicates that better data could be analysed if the
guestions set are similar. There are other theorists, however, who feel that reliability is
difficult to determine, e.g. Hanson (1980) indicates that behaviour and attitude could be
absent, but Mischlg1991) feels that differences between questions and answers can result

in inconsistencies. Finally the researcher has to remember not to include too many
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questions, so as to overwhelm the respondent and to remember to ask the pertinent
questions (Czaja, Blair, J, 1998).

Administering the survey questionnaire was unsupervised and as previously stated one to
one interviews could not be undertaken due to social factors. Once the questions had been
set, the questionnaire was designed via the Google Dnvine internetwhich has the

ability to offer free templates and functions for survey questionnaire design. The reason for
this choice is because most other on line survey companies require payment if more than
5-10 questions are set. Also it dependfiow many questionnaires are needed and again

it will depend on how much willheed to be paid, e.g. SurveyMonkegheckBox,
FluidSurveys, QuestionPro, KwikSurveys.eédome of the questions asked were usability

led, looking at efficiency; effectiveness; isédction and learnability. Others were
technology acceptance led, i.e. perceived usefulness; ease of use; intention to use; attitude;
usefulness; perceived cost; motivation; and-sHi€acy. This was the more appropriate
method of administering the gstionnaire as other methods were not appropriate and time

constraints indicated the internet method was the simplest and quickest method to use.
Different Methods of Administering Questionnaires available are (De Vaus, D, 2002):

¥, Paper & Pencil Interview

¥, Computer Assisted Personal Interview

% Computer Assisted Telephone Interview

%, Computer Assisted Self Interview

¥ Disk by Mall Interview

¥ Plain Text in body of Enalil

¥ Questionnaire in body of an email or attachment in HTML (Hypgt Markup
Language)

% E-mail with executable questionnaire

% Web based HTML survey

% Dynamic Web Survey

¥, SurveyWriter (via internet)

¥ Respons®-matic (via internet)

¥ Internetrogator (via internet)
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¥ Instant Survey (via internet)

Selecting the sample of users was relatively easy, as the UC€niallaestablishment. A
decision was then made to send the questionnaire via a link in an email to all staff
members and all students, no matter which course they were taken. This was a reasonable
selection; however, it must be noted that even a smalbaums thirty samples can be

valid (Saunders et al, 2000). The sample consisted of different age groups; ethnicity; and
male/female; staff; and students. Using the questionnaire method, however, could produce
a low response (Oppenheim, A, N, 1996). Cdsttunately was not an issue, which
benefited the researcher.

The survey questionnaineow devisedwas sent out to 209 computer users within the
UCO. These 209 users consisted of 184 students and 25 staff (the UCO is a small
establishment affiliated tthe University of Huddersfield). The mix of users was both
male and female and the age group varied between 17 and over 50 years old. The
guestions asked would be a mixture of technology acceptance and usability questions.
They would enable the reseher to look at whether the users would accept or reject
desktop virtualization within the UCO. These results would also determine if the
introduction of new technology could enable the UCO to be an innovator within the higher

education setting, by offemgna more advanced way of learning.

3.6 Ethical Issues
Different professional organisations have their own code of ethics. One such code of

ethics from the British Sociological Association (BSA) states:

3§V IDU DV SRVVLEOH SDUWLFLSDWLRQ LQ VRFLRORIJI
freely given informed consent of those studied. This implies a responsibility on the
sociologist to explain as fully as possible, and in terms meaningful to participants,
what the research is about, who is undertaking and financing it, why it is being
XQGHUWDNHQ DQG KRZ LW LV WR EH SURPRWHG ~ %6$

Trust is essential in any endeavour requiring themeration of others. When conducting

any survey, the researcher whiave a duty of responsibility to the following groups of
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people: the general public; any clients or sponsors; the profession currently working in;
and respondents. As previously stated, respondents had already been made aware of the
research via a covely email with the link to the questionnaire as well as informed
consent, confidentiality and anonymity. However, honesty and trust are qualities that are
earned and as the researcher was a member of staff at the UCO, i.e. working within the
Computing and.ibrary Services at the UCO for a number of years, it was felt that trust
and honesty had already been earned from both staff and students for some time. Also
gaining permission from the Principal again indicated that these qualities had been earned.
(Verbal permission was granted to undertake this research at the UCO by both the

Principal and VicePrincipal, who both took part in the survey).

Assurances need to be givalsoregarding use of the results. In this instance the results
would be used ifdasible to introduce a virtual sldop within the UCO to improveurrent
methods of learning and teaching. Therefore, reciprocity indicates that the UCO would
benefit. Also the researcher needs to consider if there is going to be a conflict of interest.

In this particular instance there were none.

3.7 Significance and Limitations

3.7.1 Organisational
The significance of this research could have a great impact on the UCO. There would
probably be cost implications if the findings indicated that a viraralironment was
wanted or even needed to improve the quality of education for high education users.
However, research results suggest that it is not always necessary to make any practical
changes, where good practice is already taking place (EaSerlty et al, 2004). It
might also be found that both the quantitative and qualitative processes are acceptable.

There were no limitations foreseen with this research from the organisational aspect.

3.7.2 Theoretical
The topic could be looked at in great deptld anpported by applying and examining the

applicable theoretical models. By applying these models, the researcher should be able to
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reach the outcomes required for this topic and so answer the research questions originally
asked. This will then determinehether the research was valuable in its undertaking. The
Technology Acceptance and Usability Models are the main focus towards achieving the
result intended. The theoretical limitations surrounding the research is that although there
is a vast amountfditerature from all around the world, it is very time consuming sifting
through to find those which are more relevant to this research. Application of these
models to virtual reality seems to have taken off more quickly in America and the Far East
compaed to the United Kingdom.

3.8 Secondary Research
Secondary research also includes quantitative and qualitative data. This usually is used in
both descriptive and explorative research via various medigigese 15 As this type of
research is desk bountifocuses on academic literature and theoretical models associated
with the research topic chosen. The gathering of information is sourced througéndiffe
resourcegsgainas seen ifrigure 15 The reasoning behind this is to look at what has been
undeataken by others relating to this topic and to see what solutions have been realised

already. In this way the researcher is able to assess their own work critically and justify it.

Therefore it is very important that any secondary data sources used beoevaluated.

There are a number of criteria to consider as to whether the data gathered is overall
suitable. Some of these are: does the information found, able the researcher to answer the
research questions/objectives set; does the demographies refsearch match the subject
matter; is the information found up to date; can the variables required for the research be
found within the information available. As well as the overall suitability of the data
available, the researcher also needs to ersweprecise the data is; i.e. is the information
found reliable enough? Is it credible? Is the source of the information reliable (e.g. does
the author have theorrect credentials for producing their work)? Is the information
copyrighted? If samplingvas used, were the correct methods applied and the results
reliable?

Finally the researcher needs to be aware of any costs and benefits involved; i.e. what time
and costs are needed for gathering the information required? Can the information be
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downloaded tanake analysis easier, by using a sprelaglet and/or a statistical analysis
program? Please note however, that the information gathered for this particular research

has been discussed in greater depth in Chapter 2: Literature Review.

Written Materials, e.qg.
Organisations' Databases, e.g. personnel or productibn
Organsiations' Communications, e.g. emails, memos
Organisations' websites
Reports & Minutes of Meetings

Journalls/Newspapers

Documentary

Non-Written Materials, e.g
.Media Accounts, i.e. TV & Radio
Voice /VideoRecordings

Area Based, e.g.
Financial Timescountry reports
Governmant Publications
Books/Journals

Multiple
Secondary Source

Data

Time-Series Based
Industry Statistics/Reports
Government Publications

European Union Publications
Books/Journals

Censuses, e.g.
Governments' Censuses
Census of Population

Continuous & Regular Surveys, e.g.
Government:
Family Spending
Labour Market Trends
Organisation:
BMRB

Ad Hoc Surveys, e.g.
Governments' Surveys
Organisations' Surveys
Academics' Surveys

Figure 15: Types of Secondary Data (Adapted from Saunders et al, 2006)
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3.9 Chapter Summary
Chapter 3 looked at the methodology of research and how it can be undertaken. This
involved looking at the research onion model and how it can be usedearch. The
research plan and how it helps to look at the whole topic in depth. Also the research
design was discussed looking at the different paradigms and how they can be applied to the
topic. In this instance it was felt that the Positivisticagggm was more applicable.
Quantitative and Qualitative were both researched thoroughly and in view of their

characteristics, a decision was made that both could be used in this research.

The survey questionnaire was defined using technology acceptahosatility questions

by using a Likert ranking type scale for the answers. It was also discussed as to how this
survey questionnaire was to be administered to all users at the UCO, i.e. students and staff
YLD WKH FDPSXVY LQWUDQ H Wscus3ed anHikVtKis EaBeOthdry Weftdd V' Z H
none. Also the significance and limitations were addressed. From an organisational
perspective, it was determined that there were no limitations; however there could be
benefits to the UCO from any positive outcaneThe theoretical significance indicated

whether the models used would be value to this research and that there were theoretical
limitations as a lot of research into the virtual reality world has mainly been outside of the
United Kingdom (UK), but thathere was probably enough in the UK surrounding the

virtual desktop within a higher education setting.

Finally secondary data research was looked at. Although it has been discussed in greater
depth within the literature review chapter, it was establishatithere was certain criteria
the researcher needed to be aware of, to ensure that the data collected was reliable,

valuable, precise and suitable for the research being undertaken.
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Chapter 4 : Research Findings and Analysis
As discussed in Chapt815.1, it was decided that a survey questionnaire would be
designed. It would then be aimed at all of the users at the UCO in order to obtain a good

sample of gender, age and profile, i.e. whether student or staff.

The survey guestionnaire was producedit® using Google Drive:
https://docs.google.com/spreadsheet/viewform?formkey=dEVCUVFVT3VjOW5MQWNI
UG1o0a3FRd3c6MA#gid=qQAppendix5: Virtual Desktop Questionnaire

Once inputted it was sent to 209 computer users within the UCO (184 students and 25
staff). The mix of users was both male and female andglegroup varied between 17

and over 50 years old (sdable3 andTable4). There was 100% return of this survey,
which again is shown iAppendix 5: Virtual Desktop Questionnairand Appendix 6:

Virtual Desktop Survey (online answer)n order to analyse these statistics, SPSS 20
(Statistical Package for ti&ocial Scienceg)rogram was sed as this prograenables the
researcher to input all appropriate data, which is then analysed and produces statistics in

both graph and table form.

The survey questionnaire was made up 37 questiodambers 115 are related t
Technology Acceptam; whereas questions 4%7 are Usability related (sefppendix 5:
Virtual Desktop Questionnaiydoth graphs and tables were used to show the re
(Appendix 7: Virtual Desktourvey (online graphgindAppendix 8 Tableg. From these
37 questions, 20 with graphs were selected for analysis as they give this research
RXWOLQH RI WKH XVHUVY SHUFHLYHG LQWHQW WR
were 6; 8; 9; 10; 11; 1415; 18; 20; 22; 25; 26; 27; 30; 31; 32; 34; 35; 36 and 37.
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\What is your age group? Total
17-20 21-29 30-39 40-49
Male 25 41 10 4 80
What is your gender (Student 312% 51.2% 12.5% 5.0% 100.0%
yourg Teorme 2 36 18 g 104
40.4% 34.6% 17.3% 7.7% 100.0%
ol 67 77 28 12 184
36.4% 41.8% 15.2% 6.5% 100.0%
Table 3: Age Group Variations of Students
\What is your age group? Total
30-39 40-49 Over50
Vale [lo 4 2 6
_ 0.0% 66.7% 33.3% 100.0%
\What is your gender (Staff)? |I - > > >
Comale | 5 10 19
l21.19% 26.3% 52.6% 100.0%
- otal | 9 12 25
ll16.0% 36.0% 48.0% 100.0%

Table 4: Age Group Variations of Staff
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4.1  Analysis of Selected Questions from Survey
Once all the data had been collected, it was decided that a sample of questions would be
analysed in greater depth for this research. The reason behind this was due to the fact that
these questions are more closely related to the virtual desktop itdetfias a clearer
SLFWXUH DV WR WKH XVHUVY SHUFHSWLRQV XVH DQG NQI

Q6: Do you have access to the internet at home?

M Wale W ale
W Female 1204 CFemale

201

100

80

Count
Count

60

40

204

T 0= T
Yes Mo

Yes Mo

Do you have access to the internet at home (Staff)? Do you have access to the internet at home (Student)?

Figure 16: Home Internet Access

Figure16: shows that all users questioned have s&d¢e the internet at homAgpendix

8: Table5 & 6). This question was used as users would need access to the internet in order
to access a virtual desktop.

Page p2



Q8: What devices do you own / use?

What devices do you own [ use?

M Laptop?
HDesktop?
200

[ Tablet?
.Smartphone?
[CIMethook?
W Cther?

130

Values

100

507

0=

Figure 17: Computer Devices Currently Owned by All Users

Figurel7: shows that both laptops and desktops are the most popular device being used by
all users at the UCO. Wdhis interesting is that just under 50% of all users currently own

a smartphone, which indicates this could be the future medium as thejnbeeased in
popularity since 201{Poulson, D, 2013jompared to computers that haheen in use for

well over B years. It has to be remembered here that any one user could own more than
one computer device as the numbers totalled are higher than the 209 users. This answer

will determine whether the computer devices owned would be aldepport a virtual

deskbp (seeAppendix 8 £tTable7).
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Q9: What operating system do you use at home?

What operating system do you use at home?

[l \Windows
. B Apple 05
%0 OLinux

Wl Cther

2004

1504

Values

100

50

Figure 18: Type of Operating System Used

Figure 18 shows that 80% of all usersde Appendix 8% Table 8) questioned se
Microsoft Windows. This indicates that Windows is still the preferred operating system.
Could this be due to the current cost of PCs compared to Apple Mac? This question also

helps in deciding which popular operating system to trial the virtual afe§ikst.
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Q10: Do you use your home computer for university course / preparation work?

M ale
[@Fem 1204

100

80

Count

409

204

| A A

Yes Mo Yes Mo

Do you use your home computer for university course /
preparation work (Staff)?

Figure 19: Use of Home Computer for UCO

Do you use your home computer for university course /

preparation work (Student)?

Work/Study

W Male
DFemale

Figure 19: shows how many staff and students use their own home computer for course

work or preparation work. 20% of female staff appear not to need to use their home

computers; however although thesponses were anonymous, it could be that these are

nontteaching staff. =~ What is interesting from these results is that 1.65% (3 from 184

students) does not do any course work at home and yet all declared that they have access to

a home computer (se&ppendix 8:Table9 & 10). This q
likely that all users will use the virtual desktop from home.

uestion shows whether it is
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Q11: How much time is spent on your homeomputer per week?

Il 1-5 hour M 1-5 hours

W 5-10 hot 404 I 5-10 hours
CJ10-20 he [110-20 hours
W Over 20 Wl Over 20 hours

Count

T T
17-20 21-29 30-39 40-49 Over 50 17-20 21-29 30-39 40-49 Over 50

What is your age group (Staff)? What is your age group (Student)?

Figure 20: Time Spent On Course Work per Week on the Computer

Figure 20: shows how much time both staff and students use a computer on a weekly
basis to undertake course work. This information shows that a lot of time is spent on
course work and if programs were available via the virtual desktop, then time and money
could besaved. Also it indicates that the-2@ and 2129 age groups of students are on
average spending-B0 hours per week on course work. However this is different for the
staff group. There appears to be almost equal use of time on course work in t@ffthe s
age groups. These results also indicate that both staff and students spend time at home on
course work geeAppendix 8:Table11 & 12), which with a virtual ddgop would allow

them to work more from home. Whether staff would be allowed to work more from home
is debatable. This question indicates how much time all users spend at home on their
computers, which could indicate the possibility of more time beirgptspn a virtual
desktop.
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Q14: | have tried to use a virtual desktop before.

100

80

409

204

Male
Female

Count

5
-
Yes No Yes No
| have tried to use a virtual desktop before (Student). | have tried to use a virtual desktop before (Staff).

Figure 21: Previous Use of a Virtual Desktop

Figure 21: shows that 20% of staff has previously used a virtual desktop and all were
female. However there appeared to be approximately equal numbers between the female
and male students (16%), whachpreviously used a virtual desktop. This was interesting

as the opposite was expected. It was perceived that males are more likely to embrace new
technology quicker than female&atz et al (2007) undertook research into nfaleale
negotiations regding computers. Theesults showed that males were moreoperative

than the females as they were able to see the profitability for themselves; whereas the

females were more social and were not-eglntated.

These results werkelpful in identifying previous use of virtualization and how much
training is likely to be neededrf both staff and students (s&ppendix 8:Tablel3 & 14).
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Q15: Would you like to be able to use the UCO programs from home?

BMWindows XP?
Ewindows 77
Cwindows 87
M Access 20107
CJExcel 20107
M OneNote 20107
EPower Point 20107
[CJPublisher 2010?
1504 Cproject 20107
W\Word 20107
Mspss 20?7
[CJScetchup 8 Pro?
M 30s MAX?
CIFlash?
100 B Photoshop?
Eoreamweaver?

— Elllustarlor?

After Effects?
151] 133 CJEndNote?

[ other?

2007

Values

o 104 | |
ge| (91|

40
36 23| |23 22|31 23| [26

Figure 22: Most Popular Programs of Choice by All Users

Figure22. shows thecurrent programs available at the UCO and which could be made
available via a virtual desktop depending on licenses and cost. As can be seen in
Appendix8,most of these programs including operating systems are very expensive to buy
and virtualization cold be a way of making significant savings to the usé&able 15
(Appendix 8)shows the number of users, who would like use of these programs. This
result is a very good indicator of the types of programs, which could be trialled first for

usage.
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Q18: | enjoy the challenge of new technology.

What is
1720 your
W 21-29 age
3039 group?
W 40-49 W17.20
O over 50 Il 21-29
5 [30-39
W 40-49
Clover 50

Count
i

2

2]y 2
7|l

T T
Definitely Mot Unlikely Meutral Possible Definitely Definitely Mot Unlikely MNeutral Possible Defintely

| enjoy the challenge of new technology (Student) | enjoy the challenge of new technology (Staff)

Figure 23: Challenge of New Technology for Students / Staff

Figure 23: shows which age groups of students embrace new technology better than
others. As can be seen by the younger age groups, 128 aid 2129, they definitely

enjoy the challenge of new technology. Could bHeslue to the fact that as one gets older,

it is harder to retain knowledge and enthusiasm wan@abbitt et al (1997) state that as
one ages the brain and the central nervous system changeeg#sding itsmental
capacity. There have been studies done that show that there is a continuous and
accderating decline in cognitive performance in old §gabbitt et al, 1997).

The mature student maglso not have the inclination to be enthusiastic about new
technology as the younger age groups, due to possible faomiynitments; employment;
life experiences; and other events in their liveSable 16 (Appendix § shows that
approximately 8% of students may have problems or are disinterested inchewlogy

and that approximately 18% would not commit either way. This is an area that could be

Page p9



Count

Count

developed more with students as to why there is a lack of interest in new technology as

innovative change is an @yoing change process.

As the staff age group is in the older ranges, it is difficult to make a comparison; however

theseresults show that 72% of staff (see Appendix8able17) enjoysnew challenges,

which in a way contradicts the results of the mature students. A reason for this could be

that staff may not have as many external commitments, such as external course work etc.

40

W17-20
2129
30-39
M 40-49
Cover st

ae
Count

30

éuapnis) 1apuab anok si ey

aeway
Count

20

Definitely Mot Unlikely MNeutral Possible Definitely

| enjoy the challenge of new technology

Figure 24: Challenge of New Technology between Male and Female Students / Staff

=17
=

aen

[=1

il

aleway

I ]
Definitely Mot~ Unlikely MNeutral Possible

T
Definitely

| enjoy the challenge of new technology

é(ieys) sapuab anoh s) Jeymn

What is
your
age

group?
W17-20
W21-29
O30-39
W 40-49
Oover 50

Figure 24: shows how the challenge of new technology is accepted by male and female

students gearately within their age groups.

As can be seen above,

the younger age

groups, i.e. 1720 & 21-29 of male students (76%) appear to be definitely interested in the

challenge of new technology, whereas the female studentsesith tchave reservations

as 41% of the same age groups state they would possibly enjoy the chakeege (

Appendix 8 £Table18 & 19).
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The staff results show that 69% of females and 73% of males enjoy a new challenge (see
Appendix 8:Table20 & 21). This could indicate as previously stated that males are more

receptive to new technology than females.
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Q20: It sounds like a virtual desktop would be too complicated for me to understand.

., What is
W1i7-20 your
W21-29 age )
O30-39 group?
M 40-49 W17-20

Ooverso & 27 W21-29
3
o
1_ E H H_‘

alew
2[eN

[30-39
.

W 40-49
" 2 2
g

ilwuapms) Japuab anof s)jeyp
-
&(yeis) 1epuab anok si ey

Count
[«]
[w]
[=]

aleway
sleway

Oover s0
L)

T T
Definitely Mot~ Unlikely MNeutral Possible Definitely Defintely Not  Unlikely Meutral Possible Definitely
It sounds like a virtual desktop would be too It sounds like a virtual desktop would be too

complicated for me to understand complicated for me to understand

Figure 25: Is a Virtual Desktop Too Complicated for Students / Staff to Understand?

Figure25: shows how both male and female students feel about using a virtual desktop. It
would appear that the 229 age groups for male students (34% male) would find the
virtual desktop too complated, whereas the younger age group2Q%ear old of male
students is not as high (20% male), as they previously stated that they enjoy the challenge
of new technology better. However it appears that the numbers of female students in both
the younger ag groups, i.e. 220 (43% female) & 2:R9 (42% female) definitely would

find a problem with a virtual desktop (s&ppendix 8:Table22 & 23).

As can be seen from thgraph above, there appears to be a positive response from the
female staff with 69% stating that they would not find the virtual desktop too complicated.
The response from the male staff is equal either Wwetyveenpositive to negative
response (Appendix8: Table24 & 25). These results show how much training might be

required from the IT staff as well as preparation work.
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Q22: | need help from others when new tdmology is implemented.

‘What is | ‘What is
your 3 your
age age

group? group?

W17-20 Wi7-20

Eazi-2a 24 Ezi-29

O30-39 03039

W 40-49 W 40-49

Oower 5o Oover 50

ale
Count
2le

Definitely Mot Unlikely Mewtral Possible Definitely

&uapmsg) Japuab anok spyeypm
&(e1s) 1apusb anod s| yeypn

ajewaq
Count
ajewsayq

Definitely Mot~ Unlikely Mewutral Possible Definitely

| need help from others when new | need help from others when new technology
technology is implemented is implemented

Figure 26: Help Required for Students / Staff on Implementation of New Technology

Figure26: shows who require the most assistance when new technology is implemented as
defined by both sex and age group. The outcome here is similar to the results from Q20
(seeAppendix 5: Virtual Desktop Questionnaiye The male students in the-20 age

groups (24%) and 229 age groups (46%) would all need help with new technology.
Again this is interesting as previously the younger male age groups all embraced new
technology. Thisnayindicate either they are eage learn new technology or they may

have a problem. When looking at the female student results, it can be seen that there is a
higher number in the 120 year olds compared with the male students (55%) and the 21

29 year olds (50%). It again appearattthere is a great difference between male and

female students and their acceptance of new technologgeadix 8:Table26 & 27).

These results show that 79 %female and 83% of male staff also will require help when
new technology is implementedgpendix 8:Table28 & 29). Again this indicates a great

training requiremst for all users.
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Q25: | am concerned that a virtual desktop would not be very secure and others

would be able to see what | am doing.

204

157
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| am concerned that a virtual desktop would | am concerned that a virtual desktop would
not be very secure and others would be able not be very secure and others would be able
to see what| am doing to see what | am doing

Figure27 G6HFXULW\ RI WKH 6WXGHQWVY 6WDII 9LUV

Figure27: shows how both male and female students are concerned about how secure the
virtual desktop would be. It appears that many students would be unsure about the
secuity of a virtual desktop as it was shown in Q14 (d¢@endix5: Virtual Desktop
Questionnairgthat only 16% of all students had previously used a virtual desktop. This
could account for the high numbers given for the Neutral and Possible categories. Male
Neutral £24 (30% of all age groups); Male Possi#a2 (40% of all age groups); Female
Neutral £44 (42% of all age groups); and Female Possit3é¢ (30% of all age groups
seeAppendix 8:Table30& 31).

It appears from these results that 97% of affsire unsure about how secure the virtual
desktop (seéppendix 8:Table32 & 33). As previous results (Q14) show that not many
have used a virtual desktop prevityist could indicate the reason as to their concerns
regarding security. This also shows that a great deal of assurance will need to be given via

training, help guides etc.
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Q26: Using a virtual desktop would help me better with my university work due to

the easy access to the programs | need.

What is What is
your your
age age
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Using a virtual desktop would help me better Using a virtual desktop would help me better
with my university work due to the easy with my university work due to the easy
access to the programs | need access to the programs | need

Figure28 6WXGHQWVY 6WDIIVY (DV\ $FFHVV WR 3URJUDPV

Figure28. shows how both male and female students would feel about easier access to the
UCO programs via a virtual desktop. These results show that although there are a great
number of students whoowld prefer easier access to their preferred programs via the
virtual desktop, it also shows that there are a number who are undecided (neutral); i.e. 21
male students (26% of all age groups) and 34 female students (33% of all age groups).
This again caold be an indicator of previous naise of a virtual desktop and its
unfamiliarity (seeAppendix 8:Table34 & 35).

As staffaremore likely to access programs for work purposes rather than course work, it
could beprobable that academic staff would find thee of a virtual desktop more
acceptablethan nomacademic staff as they would probably need access to a greater
number of spcialized programs. As this research has not defined how many are academic
and noracademic staff, it shasithat the majority of staff have given a positive response,
i.e. 58% females and 83% of males¢Appendix 8:Table36 & 37).
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Q27: Using a virtual desktop would allow me more time to do my university work as

| could spend more time at home.
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Using a virtual desktop would allow me more

Using a virtual desktop would allow me more
time to do my university work as | could time to do my university work as | could
spend more time at home spend more time at home

Figure 29: Students / Staff HavingExtra Time At Home Using a Virtual Desktop

Figure29: shows how students would like to spend more time at home doing their course
work via a virtual @sktop. Here again the results show as previously (Q14) a high number
of neutral responses due to never using a virtual desktop previously, i.e. 18 male students
(23% of all age groups) and 35 female students (34% of all age groups). However looking
at the younger age groups, it appears that 14 male from #29 2ftoup (34%) would
definitely prefer to work from home compared to 7 of the2Q%ear olds (28%); and the
female results show that there is an equal number of 13 for both the younger age groups:
17-20 year olds and the 229 year olds (33%). Whabuld seem to bsurprising was that

there was a higher number in the older female age group compared to the males who
definitelywould prefer to work from home more? This relates to 9 female mauudlerss

from the 3039 & 40-49 age groups (35%) compared to 3 from the same age ranges (21%)
t+(seeAppendix 8:Table38 & 39). The staff results, i.e. 67% male andb&male staff
(Appendix 8:Table40 & 41), could indicate that it is the academic staff, who would like

to be able to work more from home via the virtual desktop as it allows more time to
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prepare course work; however the ramademic staff may only use their computers at
home for leisure activities only. These results are an indicator of whether a virtual

desktop would be used from home by all users.
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Q30: A virtual desktop would reduce costs for me asdould work better from home.
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A virtual desktop would reduce costs for me A virtual desktop would reduce costs for me
as | could work better from home as | could work better from home

Figure 30: Reducing Costs for Students and Staff by Working from Home

Figure 30: shows how students and staff would prefer to save money by working more
from home via the virtual desktop. The student results show that there are similarities in
numbers between both ma@d females in the younger age groups, i.e2Q& 21-29

year olds. However there still seems to be quite a few of undecided students (neutral
category), especially in the older age groups, i.e. 21 of tHg93& 4049 year olds
combined (53%). The 53%acludes both male and females, which again could be due to
their unknown knowledge of the benefits of a virtual desktop Appendix 8:Table42 &

43).

These resudt also show a higher percentage of neutral results amongst staff, i.e. 32% of
female and 33% of male staff (s@ppendix 8:Table44 & 45). This again could indicate
it is due toprevious noruse of a virtuatlesktop. As a virtual desktopud be of benefit,

it appears that all users are clearly unsure about it.
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Q31: | could save money by using the UCO programs via the virtual desktop rather

than buying my own copy.
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| could save money by using the UCO | could save money by using the UCO

programs via the virtual desktop rather than programs via the virtual desktop rather than

buying my own copy buying my own copy

Figure 31: Benefits of Virtual Programs Compared to Own Copy

Figure 31 shows how students and staff feel about the cost savings when using UCO
programs via a virtual desktop. Again the student results show that the majority of male
and female students in the&/-20 & 21-29 year old age groups feel that they would
definitely save money. There are 25 from these two male age groups (38%) and 31 from
the two female age groups (40%). However there is still only a small number in the older
age groups, i.e. 389 & 40-49, who definitely feel as though they could benefit. This
again could be an indicator that having never used a virtual desktop previously, they would
not know the actual benefits they could gain. As can be seen from the neutral category
there are 4 nia students from the 389 & 4049 age groups (29%) and 13 female
students from these same age groups (36%), who remain undecidedipfealix 8:
Table46 & 47).
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Hereit appears that the majority bbth male and female staff fes$ though they would
benefit by reducing costs with a virtual desktop rather than purchasing their own software
programs, i.e. 68% female and 100% male sw#fipendix 8:Table48 & 49). But again

the question is: Wouldt be the academic staffivho would reap the benefits or the

organisation?
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Figure 32: Benefits of not having to Upgrade Own Computer by Using a Virtual
Desktop

Figure32: shows whether students feel as though they would benefit by saving money by
not having to upgrade their own home computers. The results here show that many
students of all ages have not previously used a virtual desk$ofhiey have answered
QHXWUDO WR WKLV TXHVWLRQ 7KLV FRXOG DOVR LQGLF
upgrade their computers, without thinking about virtualization also. The responses to
neutral also show that 8 male (19%) and 9 female (25%)e 2129 age group are very
similar in numbers. Within the younger-20 age group, the results show 9 male (36%)
and 15 female (36%); however the older age groups, i:893% 40-49 show 4 males
(14%) and 12 females (46%). This shows a greater aumhbo would probably need

more help with the virtual desktop whether there is a need or not need to upgrade their own
home computers (segpendix 8:Table50& 51).

7KH VWDII UHVXOWY DSSHDU VLPLODU WR WKH VWXGHQW

that they would benefit by not having to upgrade their computers. It shows 68% of female
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and 67% of male staff, who believe that they could reduce their cdgpe(dix 8:Table

52 & 53). These results help the researcher identify again the need forgrain
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Figure 33: Ability to Print from Own Devices at the UCO via Virtualization

Figure33: shows whether students would like to be able to print any of their course work
via the virtual desktop to the UCO printers. These results show that the majority
students would definitely like to be able to undertake this task. It shows that there is more
interest from the 2P9 male age groups (78%) and the2D7 year female age group
(74%); however there are only 9 female and 5 male mature students (50%hdr80139

age groups. This indicates that the younger age groups would prefer this option (see
Appendix 8 Hable54 & 55).

There is less of a positive response friemale staff as there are 21%, who gave a
negative response, 37% a neutral response and 42%, who gave a positive response.
However male staff gave an 83% positive respoAgpéndix 8:Table56 & 57). These
answers tell the researcher that users would like to use external devices via the virtual

desktop.
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Figure 34: Ability to Work from Home when the UCO is closed

Figure 34: shows that the majority of students would like to be able to work from home
and access the UCO programs even when the UCO is closed for whatever reason, e.g.
bank holidays; Christmas & Eastgeriods; extreme weather conditions etc. This would
allow them not to break off from their course and to carry on studying from home. These
results show 47 male students from all age groups (59%) and 63 female students from all
age groups (61%), wouldefinitely like to access the UCO even when it is closed. The
other categories show: Possikteale (all age groups19) 24%; female (all age groups

27) 26%; Neutraltmale (all age groupst12) 15%; female (all age groups9) 9%.
Therefore the totahumber of students, who would prefer to access the UCO during the
holidays, is: male (all age group$6) 83% and female (all age group80) 87%. This is

the outcome of combining both possible and definitely categoriesA(g@endix 8:Table

58 & 59).
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The staff results show that male staff would like access when the UCO is closed; however
it appears quite the opposite for female staff. 100% of the male staff wocdds via
virtual desktop when the UCO is closed compared to 58% of female staKpeadix 8:
Table60 & 61). Therefore there is still 42% of female staff,omiould not want access.
Again the reason could be that these 42% might consist edcemtemic staff, who would

not require access to the UCO when it was closed.
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Figure 35: Ability for Students to Access UCO Programs from Abroad
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Figure35: shows whether students would like to be able to access the UCO programs from

abroad. This could be of benefit to those students, who go away on holiday or for overseas

students. Currently at the UCO there are students from overseas, e.g. from Poland,

Portugal, Spain, and some of the African countries. Requests have previously been made

from them regarding course work for when they go home for the holidays. Therefore these

results show that students, who definitely/possibly wish access from abroad Tatzédle

(59%) and 58 female (56%) from all the age groups combined. The number of those

students, who would not wish this access, is: 14 male (17%) and 23 female (22%) from all
the age groups combined (3&@pendix 8:Table62 & 63).

Again there is a greater response of 83% of male staff, who would like access to the UCO

from abroad, compared with 26% of female staff &ppendix 8:Table64 & 65). These

results show that the majority of users would use the virtual desktop, as they could

continue to studyrad keep themselves up to date.
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Figure 36: Acceptability of a Virtual Desktop
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Figure 36: shows the number of students, who would accept using a virtual desktop in

order to access programs from the UCO. These results show that there is a positive feeling

about using a virtual é¢&top from all the age groups combined, i.e. 50 male (63%) and 62

female (60%). There seems to be only one male student (1%) from-2@ yiear age

group, who is unlikely to use a virtual desktop and 2 female students (2%); one from the

17-20 year age gup and 1 from the 389 year age group (ségpendix 8:Table66 &

67).

It would appear from the staff results that 83% of male and 79% of female staff would

accept e virtual desktop; however although there are no negative responses, there were

some neutral responses, i.e. 17% male and 21% femalédppeadix 8:Table68 & 69).

These initial results indicate a favourable response for the introduction of a virtual desktop.
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4.2 Chapter Summary
Chapter 4 discusses the research findings and analysis of the guestypnnaire. As the
UCO is a small campus, it was felt that the survey questionnaire would be sent to all users
at the UCO, i.e. staff and students. There was a one hundred per cent return of the
guestionnaires from all 209 users. There was a vagkttion of age groups, i.e. ranging
between 17 and 50 years of age and both male and female genders. The survey
guestionnaire consisted of thirty seven questions, out of which twenty were selected for a
more in depth analysis, giving the researchertABlU SLFWXUH UHJDUGLQJ WKH
use and acceptance of a virtual desktop. The questions numbgEeddre Technology
Acceptance related and questions numbeir3d6were Usability related. Finally a
statistical analysis program (SPSS 20) was useadput and analyse all the appropriate
data. This program is a comprehensive system for analysing data. The results could then
be produced in both graph and table format, which was the requirement for this research.
This visual data allows the readersee the numbers in a more presentable format. SPSS
20 as already stated allows data to be inputted from most files and then generate reports in
either table, graph and/or chart format. It can also if required plot trends and provide
complex statisticalanalyses. This program can be used either by a beginner or an
experienced user in statistical analysis, which in this case was for the beginner. Finally
having analysed the findings of the research, the next step is to reach some conclusions
and possil®# recommendations, which will be discus$adiherin Chapter5 together with

key findings from this chapter.

Page |8



Chapter 5: Conclusions

In Chapter 1 the aim of this research was set out:
S7TR LGHQWLI\ ZKHWKHU D 9LUWXDO '"HVNWRS LV D YLDEOH
Together with research questions:

¥ Can a virtual desktop be accepted by both staff and students at the UCO?
% How can a virtual desktop benefit all at the UCO?

¥ Are there enoughesources at the UCO in the current financial climate?

This was intended to see whether a virtual desktop service can be achieved within the
UCO environment and to determine whether both staff and students would find using a
virtual desktop beneficial. Rally this research was to identify whether the virtual desktop

would be accepted and useful.

5.1 Goals of Desktop Virtualization
The main aims of a virtual desktop, as we have previously discussed are: saving of space
within the data centre; an optinaizon of the current server hardware; a reduction in the
costs of maintaining the server; a cost reduction in both power and cooling; savings on
software licenses; a reduction in the server deployment time; and the use of multiple
platforms on the same @e of hardware. In this particular research it was determined that
desktop virtualization could be a viable option for the UCO. The research showed that it is
already being used in a number of organisations and educational establishments having

been testd and proven to be acceptable to the users involved.

Citrix surveyed a number of companies in 2013, looking at employees using their own
devices at work. The outcome of this survey indicated that within two years there could be
approximately 35% of the hole workforce using their own devices. Surprisingly the

country, whichappears to bthe forerunner, is India at 38% (deigure37).
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Figure 37: Citrix Global BYO Index ( www.citrx.com , 2013)

5.2 Advantages and Disadvantage s of Desktop Virtualization for the
UCO

The virtual desktop has both advantages and disadvantages, which wilertscussed

in greater depth.

5.2.1 Advantages

It is evident from the survey there are many advantages to using the virtual desktop within
an educational environment. This research shows that there would not be a need to
physically handle each individual cootpr, as they can be managed at server level.
Therefore time could be saved by the IT team when having to deploy new and/or upgrade
applications on more than one campus. This also increases the level of security as the data
is stored in one place. Cunté/ at the UCO there are two big buildings on one campus
and each classroom and office contains numerous computers, not forgetting the Library

and Computing Centre (LCC).
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Another advantage is that students will have an improved service. This meateyhat

will have 24 hour on demand access to the learning resources at the UCO. They will then
KDYH WKH DELOLW\ DQG IUHHGRP WR DFFHVV WKH 8&21\
they want, as indicated in the survey;, W ZRXOG KHOS PH Jdkddessy/tae EHLQJ
8&2 SURJUDPYV IUBR®IGdMd Robri@éd to worry about the UCO being closed

during the holidays as | can still work from home 7KH RXWFRPH RI WKLV FR

costs in utilities and manpower.

Another saving could come from a redootin expensive hardware, as desktops and other
devices have a longer lifecycle; thereby reducing waste. With the World currently looking
to reducing their carbon footprints, it is important that the UCO does the same. The
British Computing Society (BS2012 stated that the British Government had announced

a 10% target of reducing carbon emissions and that the implementation of a Green IT
strategy could save any organisation a great deal of money. The IT strategy for the UCO
could be to look at how ¢hlife cycle of all IT equipment has an impact on the
environment. This would mean addressing the possible issues starting with the suppliers;
and deployment of equipment to its disposal. There is a need therefore, to look at the role
of IT. On the oneside IT is a great consumer of energy, yet on the other it is able to
provide innovative solutions, especially in how to reduce carbon emissions. Therefore it is
very important for the UCO to bear the Green issue in mind, when the time comes to
replace oG HTXLSPHQW  7IKH HQKBWDR (HARLQGY HYHU\RQH WR
efficient and with this in mind the UCO must introduce low energy IT. At is estimated
that approximately 5% of energy is used by computers, it is imperative that the UCO

addresses ¢hGreen issue.

The IT staff at the UCO as already mentioned will be able to deliver a more efficient
service from the server level instead of having to visit each PC. Again the benefit to the
student will be that they can access their coursework whetfegmwish whether it is in

the UCO, at home or whilst they are abroad, which would be an enormous advantage for
the students from overseas. Furthermore the virtual desktop could be the future for online
education, especially for those in foreign countrieshing a degree from Great Britain.

It could also be an in incemg for future students to enrat the UCO, especially from
overseas, which again could increase the revenue for the UCO.
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5.2.2 Disadvantages
One major disadvantage at the moment is thatestis have a lack of understanding what
exactly a virtual desktop entails. Training will be a big issue; however in the long term not
so much. 1t is still a new concept, which many people will initially be resistant to.
Fortunately this was not appardérdm the survey as there appeared to be no resistance to
the implementation of a virtual desktop. Although the students would have complete
control of the virtual machine, there could be a problem for the tutors as they would not be
able to monitor the aivity or what goes on the machines. Therefore the administrator
rights would need to be decided at the outset as to who would have them.

It has to be said that not all hardware or software will work with the virtualization
platform. It is essential tdetermine at the design stage what would be needed. In this
instance there could be a cost implication and whether funding was available. As the UCO
is only a small establishment, it is unclear whether there would be enough funding for this.
If it was © be considered, then a business case may need to be put to the Principal of the
UCoO.

One point to consider is that should the virtual desktop be accepted for development at the
UCO, how would affect the IT staff? As previously mentioned, the virtugitdp would
enable the IT staff to spend more time on other urgent matters, so would that mean there

could be job losses, if there was not enough work to do for the numbers of IT staff?

,Q YLHZ RI DOO WKDW KDV EHHQ VW Bfimbig@riolsly cerBiQerRQ O\ E
implementing the virtual desktop. The advantages far outweigh the disadvantages and all
things considered the virtual desktop is the future. Education at all levels needs to be as
efficient in its delivery as much as possibf@pobably more so for those in higher

education.

5.3 Key Findings
The findings of tis surveyas discussed in Chapterwere very interesting. Various
factors emerged demonstrating the need to implement the virtual desktop. One such factor

was the abilityto use the desktop remotely:
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5.3.1 End-User Mobility
As stated in Chapter 4, both staff and students felt working from home would be very
advantageous. Question @Xppendix5: Virtual Desktop Questionnaiyshowed that the
academic staff would probably have more time for preparation work by working from
home and that the students, especially the more senior ones, would probably get more

work done from home. The youngage groups did not appear to agree with. Could it

SRVVLEO\ EH WKDW WKH\ D Us¢t Wwrely ey gssuvhié bhad the HardK HU ~

work does not really start until the second and third years of their course? Also there could
be the ability forthe overseas students to carry on with their course work during the
holidays, when they had gone home. This would allow them to have the same access as
those nearer to the UCO. However, it would probably not be used by those going overseas
on holiday, it those serious minded students may very well take advantage of this. At the
very least it could be available wherever they were in the world. This could be the future

by increasing mobility for a global workforce.

5.3.2 Reduction in Costs
Already we have s that the students could save money by not investing such exgensiv
software programsAppendix 9 Licence cos). The UCO could also save from a
reduction in engy consumption, i.e. less computer use in the UCO; less usage of all
utilities; less wastage; and in time there could be a reduction in employment costs as there
may not be the need for as many IT support staff in the future.

5.3.3 Data Security
Question 25(Appendix 5: Virtual Desktop Questionnaiyeof the survey addressed the
security of the virtual desktop. The results showed that all users were unsure as to how
securethe system could be. This indicated that the UCO would need to organize training
sessions and devise help guides in order to reassure everyone that the virtual desktop
would be safe to use, at home as well as at the UCO, even when using their own devices
As stated on pagesM of this researchsecurity could be a problem if not addressed

correctly.
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5.3.4 Environmental Factors
$V SUHYLRXVO\ GLVFXVVHG WKH 3*UHHQ ™ LVVXH LV D Y
addressing. The virtual desktop would allow the UCO to upgrade systems without having
WR FKDQJH VRIWZDUH DQG FRPSXWHUYV QHHGOHVVO\ $ U
would contribute to making the environment greener. Another benefit would be noise
reduction. If the majority of users were using the virtual desktop from home, then the UCO

could be a quieter place to work and/or study.

5.4 The Future of Virtualization at the UCO
9LUWXDOL]DWLRQ DSSHDust” WD EH § & P H Mhiillib\W K KDIMMAND Q °
of a business plan as well as a risk management strategy has been shown to put
organizations at risk (KMworld, 2010). One method of addressing this isdiyeusing
virtualization (or the cloud). It has already been stated that virtualization provides a

service, whereby there is a reduction in costs as well as total cost of ownership.

It will be able to offer all users the opportunity to work with agerof different
applications that would not normally be available on the desktop computer. They would
be able to undertake a multitude of tasks not previously available to them. They would not
have to travel to the UCO as the virtual desktop could besaed from anywhere and at

any time of the day. This would also have an impact on the laptop loans, which occurs
prior to any of the holidays. Currently both students and academic staff are able loan a
laptop from the UCO, which would not be necessaiti & virtual desktop, as it could be
accessed from any device, again making savings. With a reduction in overall costs, the
UCO could benefit enormously from this, thus being able to use any extra resources in

other vital areas.

Finally the virtual deskip would be of great value to those academic staff, mdemisto
promote the courses provided by the UCO to possible overseas students. This could

reduce costs further as they may not need to go overseas as often.
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5.5 Lessons Learned

In order to undertake ith research, certain criteria were looked at. It is hoped that the
outcomes have been discussed and addressed. These included:

¥ Identifying solutions that would enable deployment of the virtual desktop

¥ Addressing the lack of knowledge surrounding vitizetlon

¥ ldentifying the lack of expertise regarding new technology

¥ Users being able to accept new technology

% 7TKH YLUWXDO GHVNWRS EHLQJ DEOH WR VXSSRUW WK
¥ Uncertainty surrounding security of the virtual desktop

However, there were concernstlag end that the researcher needs to add at this point with
some clarification. After the survey had ended and the results analysed, it was thought in
hindsight that there was the opportunity to ask other questions, which were missed, e.g.
guestions regding computer specifications. The answers to this question could determine
whether the user would be able to access the virtual desktop as their own device might
need to be upgraded or even changed to meet the specifications of the virtual desktop.

Thiswould almost certainly have a cost implication to the user.

Also there was the question regarding the ethnicity of users. The UCO caters for overseas
students and although English is the chosen language there could have been barriers when
undertaking thesurvey, which were not considered at the time. However, with 100%

compliance of the survey, it was assumed that they did not experience any problems.

It was also determined that maybe too many programs were initially included in the
survey. It could hay been more prudent to be more selective especially to the ones
pertaining to the current courses being delivered at the UCO. This would mean that there
would then be the possibility of creating different virtual desktops for different courses.
This woud then add to the savings for the UCO, as this would save on the cost of licenses.
Again consideration was not made at the time regarding the size of the UCO as this would

then depend on how many virtual desktops would initially be required.

Another obsevation made later, was that the staff questioned in the survey cannot be

determined as to whether they are academic oracademic staff. Their answers would
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probably have differed as the administrative staff would probably not want to have to work
from home or when they are on holiday (racademicstaffs donot have extended

holidays during the summer).

It was felt that the above need to be added here as an addendum due to oversights made

during the research.

5.6 Chapter Summary
Chapter 5 looked at the mclusions found from undertaking this particular piece of
research. The advantages and disadvantages of a virtual desktop were discussed together
with the key findings of the survey undertaken (Chapter 4). Also the future of the virtual
desktop at the UO was discussed, which clearly indicates that there is a need but whether
this will become reality, will depend on resources and whether the Principal embraces the

idea.

Finally there were omissions made and realizations of what should have been ingluded i

the survey, which hopefully have now been clarified.
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Appendices:

Appendix 1: ISO 17799 (Security policy)

TABLE 1 ISO/IEC 17799, Sections A.3 through A.12

ISO/IEC 17799 Sections

Notes

A.3 SECURITY POLICY

A.3.1 Information security policy

A.3.1.1 Information security
policy document

Policy manuals support management’s assessment of its controls (PCAOB, 2004, para. 43). Security
policies form the basis for both IT general controls (para. 40) and specific controls over financial reporting
(para. 40) that are part of integrity assurance component of information security (ISO, 2000, p. viii).

A.3.1.2 Review and
evaluation

Quarterly internal assessments of the controls, including policies, and annual assessments by outside
auditors are required by the Act (Hardesty, 2003, pp. 3026, 3036). There is no specified frequency for
review under 1ISO 17799 (2000, p. 2); therefore, this is a case where the requirements of the Sarbanes—
Oxley Act are more stringent than the ISO Standard.

A.4 ORGANIZATIONAL SECURITY

A.4.1 Information security infrastructure

A.4.1.1 Management
information security forum

There appears to be nothing in the legislation or the supporting regulations that require any of these
infrastructure items.

A.4.1.2 Information security
coordination

There appears to be nothing in the legislation or the supporting regulations that require any of these
infrastructure items.

A.4.1.3 Allocation of
information security
responsibilities

There appears to be nothing in the legislation or the supporting regulations that require any of these
infrastructure items.

A.4.1.4 Authorization
process for information
processing facilities

No bearing on the focus or intent of the Act.

A.4.1.5 Specialist
information security advice

No bearing on the focus or intent of the Act.

A.4.1.6 Cooperation
between organizations

No bearing on the focus or intent of the Act.

A.4.1.7 Independent review

For those items that are common to ISO 17799 and SOX, the ISO requirement for review and evaluation

of information security will probably be satisfied by the annual outside auditor evaluation of management's assessment of its
internal controls.
A.4.2 Security of third-party access

A.4.2.1 Identification of risks
from third-party access

The entire risk assessment process is one of the factors that the auditor must evaluate according to the
PCAOB (2004, para. 49). If third parties have access to financial systems, either directly or indirectly, then
this item would be pertinent to SOX compliance.

A.4.2.2 Security
requirements in third-party
contracts

This is one component of IT general controls specified by the PCAOB (2004, para. 50).

A.4.3 Outsourcing

A.4.3.1 Security
requirements in outsourcing
contracts

Itis noted that the ISO neglected to include a risk assessment component under this section but included
risk assessment for third-party access. It is assumed that this is a mere oversight and that risk assessment
would be a best practice for outsourcing contracts. For completeness, all outsourcing contracts should be
evaluated for risks, and security requirements should be included in those contracts where appropriate.
This would satisfy paragraphs 49 and 50 of AS No. 2 (PCAOB, 2004). The list of contractual terms under
third-party access is recommended for outsourcing contracts (ISO, 2000, p. 8).

A.5 ASSET CLASSIFICATION AND CONTROL

A.5.1 Accountability for assets

A.5.1.1 Inventory of assets

First step to prevent misappropriation of company assets, which is a requirement under AS No. 2, para.
24.The inventory of assets becomes part of the IT general controls listed in Paragraph 40 (PCAOB, 2004).
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TABLE 1 ISO/IEC 17799, Sections A.3 through A.12 (Continued)

ISO/IEC 17799 Sections

Notes

A.5.2 Information classification

A.5.2.1 Classification
guidelines

Classification does not seem to have a bearing on data integrity, the primary concern of the Act, and
therefore is not relevant to compliance with the Act.

A.5.2.2 Information labeling
and handling

Labeling does not seem to have a bearing on data integrity, the primary concern of the Act, and therefore
is not relevant to compliance with the Act.

A.6 PERSONNEL SECURITY

A.6.1 Security in job definition and resourcing

A.6.1.1 Including security in
job responsibilities

One component of the general controls that provide foundation for more specific controls as described in
Paragraphs 40 and 50 (PCAOB, 2004). Such a practice may also be viewed as a significant part of the
control environment discussed in Paragraph 53 (PCAOB, 2004).

A.6.1.2 Personnel screening
and policy

Such practices are a significant part of the general controls of Paragraphs 40 and 50; they may also be
regarded as a specific control to prevent fraud, thus satisfying in part the requirements of Paragraphs 25
and 40 (PCAOB, 2004).

A.6.1.3 Confidentiality
agreements

The use or non-use of confidentiality agreements does not have a direct bearing on the provisions of the
Act nor on any of the provisions of AS No. 2 (PCAOB, 2004).

A.6.1.4 Terms and
conditions of employment

Terms and conditions of employment, when coupled with security in job responsibilities (above), can be a
major part of the control environment of Paragraph 53 (PCAOB, 2004).

A.6.2 User training

A.6.2.1 Information security
education and training

An information security education and training program serves as evidence of the strength of the control
environment and the “tone at the top” that is the subject of Paragraph 40. Such a program is also part of
the “information technology general controls” that are to be included in the evaluation of management's
assessment prescribed by Paragraph 53 (PCAOB, 2004).

A.6.3 Responding to security incidents and malfunctions

A.6.3.1 Reporting security
incidents

A detective control and possibly the last line of preventive control in the right circumstances. Such
reporting may be used as input to management’s assessment of its controls. Such measures would fall
into the category of controls to monitor other controls listed under company-level controls in Paragraph 53
(PCAOB, 2004).

A.6.3.2 Reporting security
weaknesses

A detective control and possibly the last line of preventive control in the right circumstances. Such
reporting may be used as input to management's assessment of its controls. Such measures would fall
into the category of controls to monitor other controls listed under company-level controls in Paragraph 53
(PCAOB, 2004).

A.6.3.3 Reporting software A detective control and possibly the last line of preventive control in the right circumstances. Such

malfunctions reporting may be used as input to management’s assessment of its controls. Such measures would fall
into the category of controls to monitor other controls listed under company-level controls in Paragraph 53
(PCAOB, 2004).

A.6.3.4 Learning from Part of management’s ongoing risk assessment and the basis for identifying improved controls.

incidents

A.6.3.5 Disciplinary process | Evidence of management's effort to set the “tone at the top," as well as being good management practice.

A.7 PHYSICAL AND ENVIRONMENTAL SECURITY

A.7.1 Secure areas

A.7.1.1 Physical security
perimeter

All controls are components of IT general controls (PCAOB, 2004, para. 50).

A.7.1.2 Physical entry
controls

All controls are components of IT general controls (PCAOB, 2004, para. 50).

A.7.1.3 Securing offices,
rooms and facilities

All controls are components of IT general controls (PCAOB, 2004, para. 50).

A.7.1.4 Working in secure
areas

All controls are components of IT general controls (PCAOB, 2004, para. 50).
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TABLE 1 ISO/IEC 17799,

Sections A.3 through A.12 (Continued)

ISO/IEC 17799 Sections

Notes

A.7.1.5 Isolated delivery and
loading areas

Contributes to the security of inbound and outbound merchandise and equipment and is a company-level
control (PCAOB, 2004, para. 53).

A.7.2 Equipment security

A.7.2.1 Equipment setting

The Act requires management to report on controls that are designed to support the issuer’s “ability to

and protection record, process, summarize and report financial data ..." with the emphasis on the word “ability” (Hardesty,
2004, p. 3027).
A.7.2.2 Power supplies — The Act requires management to report on controls that are designed to support the issuer’s “ability to

Equipment shall be
protected from power
failures and other electrical
anomalies

record, process, summarize and report financial data ..." with the emphasis on the word “ability” (Hardesty,
2004, p. 3027).

A.7.2.3 Cabling security The security of data cables against surreptitious connections is important as control against insertion of
fraudulent data into data streams.

A.7.2.4 Equipment The Act requires management to report on controls that are designed to support the issuer's “ability to

maintenance record, process, summarize and report financial data ..." with the emphasis on the word “ability” (Hardesty,
2004, p. 3027).

A.7.2.5 Security of Is a SOX relevant issue to the extent that the equipment that is off premises may be used to gain access

equipment off-premises to the financial processing systems or to the financial data directly.

A.7.2.6 Secure disposal or
re-use of equipment

Relevant to protecting access and integrity controls if the equipment contains information that could be
used to circumvent those controls.

A.7.3 General controls

A.7.3.1 Clear desk and clear
screen policy

The clear desk and clear screen policy falls into the IT general controls of AS No. 2, Paragraph 50
(PCAOB, 2004).

A.7.3.2 Removal of property

May be relevant to protecting financial data integrity controls if the property contains information that could
be used to circumvent those controls; such controls are necessary in preventing misappropriation of
company assets which is covered by AS No. 2, Paragraph 24 (PCAOB, 2004).

A.8 COMMUNICATIONS AND OPERATIONS MANAGEMENT

A.8.1 Operational procedures

and responsibilities

A.8.1.1 Documented
operating procedures

The operating procedures contain directions for processing financial data, the operating procedures
become part of management’s documentation addressed in AS No. 2, Paragraphs 42 and 43 (PCAOB,
2004).

A.8.1.2 Operational change
controls

Is specifically mentioned in Paragraph 50 as being part of the IT general controls (PCAOB, 2004).

A.8.1.3 Incident
management procedures

Covers procedures for dealing with processing errors and fraudulent entries that fall under the scope of
the legislation and AS No. 2, Paragraph 49 (PCAOB, 2004). The multiple aspects of these procedures
described in the ISO Standard make incident management procedures a key component for detection and
recovery from errors and frauds (International Organization for Standardization, 2000, pp. 20-21).

A.8.1.4 Segregation of
duties

Should be planned with a view to preventing fraud and other security failures according to the ISO
Standard (International Organization for Standardization, 2000, p. 21). Segregation of duties is specifically
identified as a part of management's documentation of controls (PCAOB, 2004, para. 42).

A.8.1.5 Separation of
development and
operational facilities

This is one more component of IT general controls (PCAOB, 2004, para. 50). It is a specific control to
prevent accidental corruption of financial data during development and testing.

A.8.1.6 External facilities
management

May be an issue under the Act and AS No. 2 if financial data processing is outsourced. Should such
outsourcing be done, all controls necessary to assure the integrity of that financial data must be applied.

A.8.2 System planning and acceptance

A.8.2.1 Capacity planning

This control is a component of compliance with the Act because the Act requires management to report
on controls that are designed to support the issuer's “ability to record, process, summarize and report
financial data ..." with the emphasis on the word “ability” (Hardesty, 2004, p. 3027).
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TABLE 1 ISO/IEC 17799, Sections A.3 through A.12 (Continued)

ISO/IEC 17799 Sections

Notes

A.8.2.2 System acceptance

Another component of IT general controls (PCAOB, 2004, para. 50). Testing must cover the range of
controls designed to preserve the integrity of that data, and that testing would be part of compliance with
AS No.2, Paragraph 40 (PCAOB, 2004).

A.8.3 Protection against malicious software

A.8.3.1 Controls against
malicious software

The Act requires management to report on controls that are designed to support the issuer’s “ability to
record, process, summarize and report financial data ..."” with the emphasis on the word “ability” (Hardesty,
2004, p. 3027).

A.8.4 Housekeeping

A.8.4.1 Information back-up

Another of the controls designed to support the issuer’s “ability to record, process, summarize and report
financial data ..." (Hardesty, 2004, p. 3027). Backups also may be used to detect data integrity failures
through comparison and reconciliation programs; thus backups may be a control activity in accordance
with Paragraph 49 (PCAOB, 2004).

A.8.4.2 Operator logs

An IT general control, and may be a specific control to detect failures related to data integrity and therefore
be control activities in accordance with Paragraph 49 (PCAOB, 2004).

A.8.4.3 Fault logging

An IT general control, and may be a specific control to detect failures related to data integrity and therefore
be control activities in accordance with Paragraph 49 (PCAOB, 2004).

A.8.5 Network management

A.8.5.1 Network controls

Another in the category of IT general controls (PCAOB, 2004, para. 50). Some network controls may be
specific controls to prevent or detect compromises of data integrity in accordance with Paragraph 49
(PCAOB, 2004).

A.8.6 Media handling and security

A.8.6.1 Management of
removable computer media

As controls to prevent reconnaissance by someone intent on fraud or denial of service, they become items
of the IT general controls (PCAOB, 2004, para. 50).

A.8.6.2 Disposal of media

As controls to prevent reconnaissance by someone intent on fraud or denial of service, they become items
of the IT general controls (PCAOB, 2004, para. 50).

A.8.6.3 Information handling
procedures

As controls to prevent reconnaissance by someone intent on fraud or denial of service, they become items
of the IT general controls (PCAOB, 2004, para. 50).

A.8.6.4 Security of system
documentation

As controls to prevent reconnaissance by someone intent on fraud or denial of service, they become items
of the IT general controls (PCAOB, 2004, para. 50).

A.8.7 Exchanges of informat

ion and software

A.8.7.1 Information and
software exchange
agreements

Such agreements are components of IT general controls specified in Paragraph 50; such agreements may
also contain specific controls to prevent or detect compromises of data integrity in accordance with
Paragraph 49 (PCAOB, 2004).

A.8.7.2 Security of media in
transit

Such controls are part of IT general controls; however, specific controls to prevent/detect compromises of
data integrity are mandated by Paragraph 49 (PCAOB, 2004).

A.8.7.3 Electronic
commerce security

These controls are required in accordance with Paragraph 49 (PCAOB, 2004). A significant issue may be
nonrepudiation controls to ensure the authenticity of the source of transactions. Moreover, these controls
must be documented so as to support the auditor’s walkthrough that is required by Paragraph 80 (PCAOB,
2004).

A.8.7.4 Security of electronic
mail

Over and above the general controls, specific controls to preserve and protect whistleblower
communications may be required as part of the disclosure controls mandated by Section 302 (a)(4)(a)
(Hardesty, 2003, p. 3026).

A.8.7.5 Security of electronic
office systems

These controls are components of IT general controls described in Paragraph 50 (PCAOB, 2004). To the
degree that any of these systems are used to record, process, or summarize financial data, they become
subject to controls required by the Act and Paragraph 49 (PCAOB, 2004).

A.8.7.6 Publicly available
systems

These controls are components of IT general controls described in Paragraph 50 (PCAOB, 2004). To the
degree that any of these systems are used to record, process, or summarize financial data they become

subject to controls required by the Act and Paragraph 49 (PCAOB, 2004).
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Appendix 2: Definitions of TAM Variables and Related Models

Variable Definition Models that
include the
variable

Behaviour Theaction, specific or general, whose prediction is of interest | TRA/TPB

Use (USE) One specific behaviour of interest performed by individuals witl| TAM, TAM2,

regard to some information technology (IT) system UTAUT

Behavioural $Q L QG L Yotwatibnmfiwillingness to exert effort to perfor] TAM, TAM2,

intention the target behaviour UTAUT,

(2])) TRA/TPB

Attitude (ATT) $Q LQGLYLGXDOYY HYDOXDWLYH MXGJ] TAM, TRA/TPB

some dimension (e.g., good/bad, harmful/beneficial,
pleasant/unpleasant)

Perceivedease | $Q LQGLYLGXDOYTV SHUFHSWLRQ WKD\ TAM, TAM2

of use effort

(PEOU)

Perceived $Q LQGLYLGXDOYYV SHUFHSWLRQ WKDY\ TAM, TAM2

usefulness job performance

(PU)

Subjectivenorm | $Q LQGLYLGXDOYV SHUFHSWLRQ RI WI| TAMZ2,

(SN) people approve or disapprove of the target behaviour TRA/TPB

Perceived $Q LQGLYLGXDOYYV SHUFHSWLRQ RI KR TPB

Behavioural perform tte target behaviour (sedfficacy), of factors that impede

Control (PBC) or facilitate the behaviour (facilitating conditions), or of the

amount of control that one has over performing the behaviour
(controllability)

Effort (See PEOU) UTAUT

expectancy

Performance (See PU) UTAUT

expectancy

Social influence | (See SN) UTAUT

Facilitating (See PBC) UTAUT

conditions

Image, job Real or perceived characteristics of IT that influence its PU UTAUT

relevance,

output quality,

results

demonstrability

Behavioural $Q LQGLYLGXDOTVY SHUFHSWLRQV DER TRA/TPB

beliefs, outcomes of performing the target behaviour, specific groups ¢@
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normative
beliefs,
control beliefs

people who encourage/discourage the behaviour, and specific
factors or circumstances that malehbviour easier/more difficult

% TAM = Technology Acceptance Model.
¥ TAM2 = Technology Acceptance Model 2.

% UTAUT = Universal Theory of Acceptance and Use of Technology.

% TRA = Theory of Reasoned Action.
¥ TPB = Theory of Planned Behaviour

These resources are available to download fm@ww.ncbi.nlm.nih.goy 2010
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Appendix 3: Factors Affecting Information System Satisfaction (Bailey, J
E. Pearson, S.W, 1993)

Listed in order of importance as determined by Bailey & Pearson:

©CoNoO~wNE

Top management involvement

Organisational competition with other departments

Priorities determination

Chargeback method of payment for services

Relationship with staff
Communication with staff
Technical competenad staff
Attitude of staff

Schedule of products and services
10 Time required for new development
11.Processing of change requests

12.Vendor support
13.Response/turnaround time
14.Means of input/output
15.Convenience of access
16. Accuracy
17.Timeliness

18. Precision

19. Reliability

20.Currency
21.Completeness
22.Input format
23.Language

24.Output volume
25.Relevancy

26.Error recovery

27.Data Security
28.Documentation

29. Expectations

30. Understanding of systems
31.Perceived utility
32.Confidence in systems
33.Feeling of participation
34.Feeling of control

35. Degree of training

36. Jobeffects
37.0rganisational position
38. Flexibility of systems
39. Integration of systems
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Appendix 4: Usability Questionnaires

The different types of questionnaires listed below are the ones currently available via

the internet:

¥, SUMI zSoftware Usability Measuresnt Inventory

Y2 WAMMI - Website Analysis and Measurement Inventory

¥ SUS xSystem Usability Scale

¥ QUIS - Questionnaire for User Interaction Satisfaction

¥, CSUQ +Computer System Usability Questionnaire

These resources are available to download freww.usabilitynet.org
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Appendix 5: Virtual Desktop Questionnaire

Virtual Desktop Survey

This questianaire has been issued to eedearch being undertaken by Andrey Kovalevich

at the University Campus Qidm (UCO) for his dissertation. All questionnaires are
anonymous; therefore it is appreciated if you could answer as honestly as possible. This
research aims to look at the possibility of introducing desktop virtualisation at the UCO for
both staff and stlents. Desktop virtualization will allow you to use any operating systems,
e.g. Windows; Linux; Mac OS X; from your own home computer without affecting your
home computer. This means that you could access any programs via the University
network as if you wre actually in the building. Therefore all those expensive programs
could be used without having to buy them. It would be free to use and has been known to
work faster than a physical computer. There would also be the ability to store all your
work on you personal university file, without having to save on external hard drives and
physically going into the university to download all your files. However youldvaeed

an internet connection as yooay get logged out automaticalljpay not have as high
peformance as your home computer; do not wardatee local copies and may prefer to

be at the UCO to work. The questions below are there to investigate thesesisqlease

think about where on the scale you think you are. This survey will tal@ finues

(MAX) to complete so please undertake it in one continuous go answering all questions.

General Information:

Q1: What is your gender? *

X Male

X Female
Q2: Are you: *

N Student

X Staff

Q3: What is your age group? *

X 17-20
X 21-29
X 30-39
X 40-49
X Over 50
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Q4: What is your educational background *

X 6th Form College

X Vocational Training

X College

X %DFKHORUYYV '"HJUHH
X ODVWHUTYV '"HJUHH

X Doctoral Degree

X Other:

Q5: How long have you been at the UCO? *

X 1-3 years
X 3-5 years
X over Syears

Q6: Do you have access to the internet at home? *

X Yes

X No

Q7: How long have you used the internet? *

X 1-6 month

X 6 month-1 year
X 1-3 years

X 3-5 years

X over 5 years

Q8: What devices do you own / use? *

X Laptop PC

X Desktop PC
X Tablet

X Smartphone
X Netbook
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N Other:

Q9: What operating system do you use at home? *

X Windows

X Apple Mac OS
X Linux

X Other:

Q10: Do you use your home computer for university course / preparation work? *

X Yes

X No

Q11: How much time is spent on your home computer per week? *
X 1-5 hours
X 5-10 hours

X 10-20 hours
X Over 20 hours

Q12: Do you have easy access to the computers at the UCO? *

X Yes
X No

Q13: Are you able to access the programs you need? *

X Yes

X No

Q14: | have tried to use a virtual desktop before. *

X Yes

X No
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Q15: Would you like to be able to use the UCO programs from home? *

X Windows XP

X Windows 7

X Windows 8

X Access 2010

X Excel 2010

X One Note 2010

X PowerPoint 2010
X Publisher 2010

X Project 2010

X Word 2010

X SPSS 20

X Sketchup 8 Pro

X 3Ds MAX

X Adobe Flash

X Adobe Photoshop

X Adobe Dreamweaver
X Adobe lllustrator

X Adobe After Effects

X EndNote

X Other:

Virtualization:

Please select your response to each of the following questions:

Q16: | am always able to access@mputer at UCO *
1 2 3 4 5

Definitely Not Definitely
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Q17: 1 enjoy learning new things. *
1 2 3 4 5

Definitely Not Definitely

Q18: | enjoy the challenge of new technology. *
1 2 3 4 5

Definitely Not Definitely

Q19: |1 would be interested in accessing a virtual desktop. *
1 2 3 4 5

Definitely Not Definitely

Q20: It sounds like a virtual desktop would be too complicated for me to understand.
*

1 2 3 4 5
Definitely Not Definitely

Q21: | need time to trial any new technology prior to its implementation. *
1 2 3 4 5

Definitely Not Definitely

Q22: | need help from others when new technology is implemented. *
1 2 3 4 5

Definitely Not Definitely

Q23: IT support is always helpful as their explanations are easy to understand. *
1 2 3 4 5

Definitely Not Definitely

Q24: 1 believe that support will be available to deal with any difficulties | have. *
1 2 3 4 5

Definitely Not Definitely
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Q25: | am concerned that a virtual desktop would not be very secure and others
would be able to see what | am doing. *

1 2 3 4 5
Definitely Not Definitely

Q26: Using a virtual desktop would help me better with my university work due to
the easy access to the programs | need. *

1 2 3 4 5
Definitely Not Definitely

Q27: Using a virtual desktop would allow me more time to do my university work as
| could spend more time at home. *

1 2 3 4 5

Definitely Not Definitely

Q28: Working from home would be a calmer / quieter environment to work in *
1 2 3 4 5

Definitely Not Definitely

Q29: A virtual desktop would allow me to trial more programs than at present. *
1 2 3 4 5

Definitely Not Definitely

Q30: A virtual desktop would reduce costs for me as | could work better from home.

*

1 2 3 4 5
Definitely Not Definitely

Q31: | could save money by using the UCO programs via the virtual desktop rather
than buying my own copy. *

1 2 3 4 5
Definitely Not Definitely

4 , FRXOG VDYH PRQH\ E\ XVLQJ WKH YLUWXDO GHVNWR.
to be upgraded. *

1 2 3 4 5
Definitely Not Definitely
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Q33: | would like to be able to use my own technology devices at the UCO. *
1 2 3 4 5

Definitely Not Definitely

Q34: | would like to be able to print from my own technology devices at the UCO. *
1 2 3 4 5

Definitely Not Definitely

Q35: 1 would not need to worry about the UCO being closed during the holidays as |
can still work from home. *

1 2 3 4 5
Definitely Not Definitely

Q36: It would help me greatly being able to access the UCO programs from abroad. *
1 2 3 4 5

Definitely Not Definitely

Q37: I would be very happy to use the UCO virtual desktop *
1 2 3 4 5

Definitely Not Definitely

Pleasegive any further information / comments / factors you may wish to add regarding

the use of a virtual computer?

https://docs.google.com/spredget/viewform?formkey=dEVCUVFVT3ViOW5MQWN
UG1loa3FRd3c6MA#gid50
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Appendix 6: Virtual Desktop Survey (online answer)
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Appendix 7: Virtual Desktop Survey (online graphs)
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https://docs.google.com/spreadsheet/gform?key=0AvdAZVONPg2TdEVCUVFVT3\{jOW
S5MQWNIUG10a3FRd3c&gridld=0#chart
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Appendix 8 : Tables

Do you have access to
the internet at home?

Total

Yes

Student Male 80 80
Female 104 104
Total 184 184

Table 5: Home Internet Access for Students

IDo you have access to
the internet at home?

Total

Yes

Male 6 6
Staff Female 19 19
Total 25 25
Table 6: Home Internet Access for Staff
|[rResponses
INumber? Percentage?
Laptop? 167 37.7%
Desktop? 106 23.9%
Tablet? 161 13.8%
Smartphone? 87 19.6%
Netbook? 20 4.5%
Other? 2 0.5%
Total 443 100.0%

Table 7: Computer Devices Currently Owned by All Users

Table 8: Type of Operating System Used

|Do you use your home computer for universit{Total
course / preparation work?
Yes No
16 0 6
) Male
\What is your gender 100.0% 0.0% 100.0%
(Staff)? Female 14 o 19
73.7% 26.3% 100.0%
Total 20 > 25
180.0% 20.0% 100.0%

Table 9: Use of Home Computer for UCO Work/Study (Staff)
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|Do you use your home computer for universit{Total
course / preparation work?
Yes No
78 2 80
) Male
\What is your gender 97.5% 2.5% 100.0%
(Student)? Female 103 1 104
99.0% 1.0% 100.0%
Total 181 3 184
98.4% 1.6% 100.0%

Table 10: Use of Home Computer for UCO Work/Study (Students)

|How much time is spent on your home computer per wé@tkident)?  [Total
1-5 hours 5-10 hours 10-20 hours  |Over 20 hours
20 35 8 4 67
17-20
29.9% 52.2% 11.9% 6.0% 100.0%
11 37 21 8 77
. 21-29
What is your age grouf 14.3% 48.1% 27.3% 10.4% 100.0%
10.7% 50.0% 21.4% 17.9% 100.0%
2 6 2 2 12
40-49
16.7% 50.0% 16.7% 16.7% 100.0%
36 92 37 19 184
Total
19.6% 50.0% 20.1% 10.3% 100.0%

Table 11 Time Spent On Course Work per Week on the Computer (Students)

[How much time is spent on your home computer per wéstaff)? Total
1-5 hours 5-10 hours 10-20 hours Over 20 hourd
1 0 0 4
30-39
75.0% 25.0% 0.0% 0.0% 100.0%
\What is your age groum4049 2 4 3 0 9
(Staff)? 22.2% 44.4% 33.3% 0.0% 100.0%
3 4 4 1 12
Over 50
25.0% 33.3% 33.3% 8.3% 100.0%
18 9 7 1 25
Total
32.0% 36.0% 28.0% 4.0% 100.0%

Table 12: Time Spent On Course Work per Week on the Computer (Staff)

| have tried to use a virtual desktop beftBéudent). [Total
Yes No
MVale 13 67 80
16.2% 83.8% 100.0%
What is your gender (Student 17 37 104
Female
16.3% 83.7% 100.0%
Total 30 154 184
16.3% 83.7% 100.0%

Table 13: Previous Use of a Virtual DesktogStudents)

Page [L19




| have tried to use a virtual desktop before (Staff).[Total
Yes No
Male 0 6 6
. 0.0% 100.0% 100.0%
\What is your gender (Staff)? = > 14 > 9 >
F I
emale 26.3% 73.7% 100.0%
Total > 20 25
20.0% 80.0% 100.0%

Table 14: Previous Use of a Virtual Desktop (Staff)

Table 15: Most Popular Programs of Choice by All Users
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|I enjoy the challenge of new technology Total
|Definite|y Unlikely Neutral Possible  [Definitely
Not
1700 It 4 5 19 38 67
1.5% 6.0% 7.5% 28.4% 56.7% 100.0%
100 Ik 1 13 24 38 77
What is your age group 1.3% 1.3% 16.9% 31.2% 49.4% 100.0%
(Student)? 2039 lo 3 12 5 7 b8
lfo.0% 10.7% 42.9% 21.4% 25.0% 100.0%
0.4 L 4 4 1 2 12
lls.3% 33.3% 33.3% 8.3% 16.7% 100.0%
o |E 12 34 50 85 184
ll1.6% 6.5% 18.5% 27.2% 46.2% 100.0%
Table 16: Challenge of New Technology for Students
|I enjoy the challenge of new technology Total
|Un|ikely Neutral Possible  |Definitely
lo 1 2 1 4
30-39
flo.0% 25.0% 50.0% 25.0% 100.0%
\What is your aggroup 10-49 ||l 0 1 7 9
(Staff)? l11.1% 0.0% 11.1% 77.8% 100.0%
llo 5 2 5 12
Over 50
Verst 1o o 41.7% 16.7%  |41.7% 100.0%
- otal | 6 5 13 25
l|2.0% 24.0% 20.0% 52.0% 100.0%
Table 17: Challenge of New Technology for Staff
|I enjoy the challenge of new technology Total
|Definitely Unlikely  [Neutral Possible  [Definitely
Not
N 3 5 14 19 42
2.4% 7.1% 11.9% 33.3% 45.2% 100.0%
b1oo L 0 10 18 7 36
\What is your age group 2.8% 0.0% 27.8% 50.0% 19.4% 100.0%
(Student Female)? 3039 Jo 2 fe] A 1 18
Jo.0% 11.1%  [44.4% 22.2% 22.2% 100.0%
o040 It 4 1 1 1 8
12.5% 50.0%  [12.5% 12.5% 12.5% 100.0%
ol 3 0 24 37 31 104
2.9% 8.7% 23.1% 35.6% 29.8% 100.0%

Table 18: Challenge of New Technology foFemale Students
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|I enjoy the challenge of new technology Total
|Un|ike|y Neutral Possible Definitely
17.20 1 0 5 19 25
4.0% 0.0% 20.0% 76.0% 100.0%
b1.29 1 3 6 31 41
\What is your age group 2.4% 7.3% 14.6% 75.6% 100.0%
(Student Male)? 3039 1 4 2 3 10
10.0% 40.0% 20.0% 30.0% 100.0%
0 3 0 1 4
40-49
0.0% 75.0% 0.0% 25.0% 100.0%
Total 3 10 13 54 80
3.8% 12.5% 16.2% 67.5% 100.0%
Table 19: Challenge of New Technology for Male Students
|I enjoy the challenge of new technology Total
Junlikely Neutral Possible Definitely
llo 1 2 1 4
30-39
llo.0% 25.0% 50.0% 25.0% 100.0%
\What is your age group 10-49 ||1 0 0 4 5
(Staff Female)? ll20.0% 0.0% 0.0% 80.0% 100.0%
llo 4 2 4 10
over S0 5% 40.0% 20.0% 40.0% 100.0%
otal | 5 4 9 19
lI5.39% 26.3% 21.1% 47.4% 100.0%
Table 20: Challenge of Nev Technology for Female Staff
|l enjoy the challenge of new technology Total
Neutral Possible Definitely
40-49 0 L 3 4
\What is your age group 0.0% 25.0% 75.0% 100.0%
(Staff Male)? over 50 1 0 1 2
Ver>Y Ts0.0% 0.0% 50.0% 100.0%
Total L 1 u 6
16.7% 16.7% 66.7% 100.0%

Table 21: Challenge of New Technology foMale Staff
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It sounds like a virtual desktop would be too complicated for me to [Total
understand
|Definite|y Not [Unlikely Neutral Possible Definitely
17.20 3 1 7 13 18 42
7.1% 2.4% 16.7% 31.0% 42.9% 100.0%
b1.29 2 5 5 9 15 36
What is your age group 5.6% 13.9% 13.9% 25.0% 41.7% 100.0%
(Student Female)? 3 o n > 9 18
3039 16.7% 0.0% 22.2% 11.1% 50.0% 100.0%
1049 2 1 2 0 3 8
25.0% 12.5% 25.0% 0.0% 37.5% 100.0%
10 7 18 24 45 104
Total
9.6% 6.7% 17.3% 23.1% 43.3% 100.0%

Table 22: Is a Virtual Desktop Too Complicated forFemaleStudents to Understand?

It sounds like a virtual desktop would be too complicated for me {Total

understand
|Definite|y Unlikely Neutral Possible Definitely
Not
17-20 1 3 4 12 5 25
4.0% 12.0% 16.0% 48.0% 20.0% 100.0%
b1-29 2 4 6 15 14 41
\What is your age group 4.9% 9.8% 14.6% 36.6% 34.1% 100.0%
(Student Male)? > o 3 > 3 10
30-39 20.0% 0.0% 30.0% 20.0% 30.0% 100.0%
10-49 1 1 1 1 0 u
25.0% 25.0% 25.0% 25.0% 0.0% 100.0%
16 8 14 30 22 80
Total
7.5% 10.0% 17.5% 37.5% 27.5% 100.0%

Table 23: Is a Virtual Desktop Too Complicated forMale Students to Understand?

|It sounds like a virtual desktop would be too complicated for nederstand Total
|Definite|y Not |Unlikely Neutral Possible Definitely
3 0 0 0 1 4
30-39
75.0% 0.0% 0.0% 0.0% 25.0% 100.0%
What is your age grouy 049 3 1 1 0 0 5
40-4
(Staff Female)? J60.0% 20.0% 20.0% 0.0% 0.0% 100.0%
3 3 2 2 0 10
Over 50
v 30.0% 30.0% 20.0% 20.0% 0.0% 100.0%
9 4 3 2 1 19
Total
47.4% 21.1% 15.8% 10.5% 5.3% 100.0%

Table 24: Is a Virtual Desktop Too Complicated forFemale Staffto Understand?
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It sounds like a virtual desktop would be too complicated

me to understand

Total

|Deﬁnitely Not Neutral Possible
. 40-49 1 L 2 4
\What is your age group 25.0% 25.0% 50.0% 100.0%
(Staff Male)? 1 0 1 2
over S0 150 50 0.0% 50.0% 100.0%
Total 2 1 3 6
33.3% 16.7% 50.0% 100.0%

Table 25: Is a Virtual Desktop Too Complicated for Male Saff to Understand?

|I need help from others when new technology is implemente|Total
|Deﬁnitely Unlikely |Neutral Possible  |Definitely
Not
17-20 1 0 2 16 6 25
4.0% 0.0% 8.0% 64.0% 24.0% 100.0%
5129 1 1 2 18 19 41
What is your age group 2.4% 2.4% 4.9% 43.9% 46.3% 100.0%
(Student Male)? 1 0 1 0 s 10
30-39
10.0% 0.0% 10.0% 0.0% 80.0% 100.0%
10-49 1 0 2 0 1 4
25.0% 0.0% 50.0% 0.0% 25.0% 100.0%
4 1 7 34
Total 34 80
5.0% 1.2% 8.8% 42.5% 42.5% 100.0%

Table 26: Help Required for Male Students on Implementation of New Technology

| need help from others when new technology is implemente|Total

Definitely [Unlikely [Neutral Possible  |Definitely
Not
17-20 2 1 2 14 23 42
4.8% 2.4% 4.8% 33.3% 54.8% 100.0%
1 3 5 9 18 36
\What i 21-29
at Is your age group 2.8% 8.3% 13.9% 25.0% 50.0% 100.0%
(Student Female)? 1 1 > 3 11 18
30-39
5.6% 5.6% 11.1% 16.7% 61.1% 100.0%
1049 1 0 0 1 6 8
12.5% 0.0% 0.0% 12.5% 75.0% 100.0%
5 5 9 27
Total o8 104
4.8% 4.8% 8.7% 26.0% 55.8% 100.0%

Table 27: Help Required for FemaleStudents on Implementation of New Technology
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|I need help from others when new technology is implemented Total
|Definite|y Not|Unlikely Neutral Possible Definitely
llo 1 2 1 0 4
3039 llo.0% 25.0% 50.0% 25.0% 0.0% 100.0%
\What is your age 9104049 ||0 1 1 1 2 5
(Staff Female)? llo.0% 20.0% 20.0% 20.0% 40.0% 100.0%
over 5 ONl 1 2 3 3 10
10.0% 10.0% 20.0% 30.0% 30.0% 100.0%
- otal | 3 5 5 5 19
lI5.3% 15.8% 26.3% 26.3% 26.3% 100.0%

Table 28: Help Required for Female Saff on Implementation of New Technology

| need help from others when new technology is implemented|Total
|Un|ike|y Neutral Possible Definitely
. 40-49 1 0 2 1 4
What is your age group 25.0% 0.0% 50.0% 25.0% 100.0%
(Staff Male)?
Over 50 0 1 L 0 2
0.0% 50.0% 50.0% 0.0% 100.0%
1 1 3 1 6
Total
16.7% 16.7% 50.0% 16.7% 100.0%

Table 29: Help Required for Male Staff on Implementation of New Technology

| am concerned that a virtual desktop would not be very secure and othTotal
ould be able to see whisdm doing
|Definite|y Not|Unlikely Neutral Possible Definitely
17-20 1 3 18 16 4 42
2.4% 7.1% 42.9% 38.1% 9.5% 100.0%
b1.29 1 5 11 13 6 36
What is your age grou| 2.8% 13.9% 30.6% 36.1% 16.7% 100.0%
(Student Female)? 1 3 10 1 3 18
30-39
5.6% 16.7% 55.6% 5.6% 16.7% 100.0%
|o 1 5 1 1 3
4049 lJo.0% 12.5% 62.5% 12.5% 12.5% 100.0%
o E 12 44 31 14 104
2.9% 11.5% 42.3% 29.8% 13.5% 100.0%

Table 30: Security of theFemale 6 W XGHQWVY 9LUWXDO '"HVNWRS
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I\INam concerned that a virtual desktop would not be secyre and others [Total
ould be able to see what | am doing
|Deﬁnitely NoﬂUnIiker Neutral Possible Definitely
1700 llo 1 4 16 4 25
llo.0% 4.0% 16.0% 64.0% 16.0% 100.0%
100 llo 3 15 13 10 41
\What is your age groug Jo.ove 7.3% 36.6% 31.7% 24.4% 100.0%
(Student Male)? 2030 1 2 3 3 1 10
10.0% 20.0% 30.0% 30.0% 10.0% 100.0%
1049 1 0 2 0 1 A
25.0% 0.0% 50.0% 0.0% 25.0% 100.0%
Total 2 6 24 32 16 80
2.5% 7.5% 30.0% 40.0% 20.0% 100.0%

Table 31 Security of theMale 6W XGHQWVY 9LUWXDO '"HVNWRS

I am concerned that a virtual desktop would not be very securetlaecs [Total
would be able to see what | am doing
Definitely  [Unlikely Neutral Possible Definitely
Not
30-39 ||2 0 1 1 0 4
||50.0% 0.0% 25.0% 25.0% 0.0% 100.0%
\What is your age groum4049 llo 0 4 1 0 5
(Staff Female)? lfo.o% 0.0% 80.0% 20.0% 0.0% 100.0%
2 2 4 1 1 10
Over SO0 0% po.o% 40.0% 10.0% 10.0% 100.0%
Total 4 2 9 3 1 19
21.1% 10.5% 47.4% 15.8% 5.3% 100.0%
Table 32 Security of theFemale Saff V] 9LUWXDO '"HVNWRS
I am concerned that a virtual desktop would not be very secure gTotal
others would be able to see what | am doing
|Definitely Not |[Neutral Possible Definitely
10,49 (| 1 1 1 4
What is your age group l5.0% 25.0% 25.0% 25.0% 100.0%
(Staff Male)? over 50 llo > 0 0 2
VersC o 0% 100.0% 0.0% 0.0% 100.0%
ot | 3 1 1 6
l16.7% 50.0% 16.7% 16.7% 100.0%

Table 33: Security of the Male Saffs 9LUWXDO 'HVNWRS
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Using a virtual desktop would help me better with my university work duefTotal
the easy access to the programs | need
|Definite|y Not |Unlikely Neutral Possible Definitely
1790 ||0 0 4 14 7 25
llo.0% 0.0% 16.0% 56.0% 28.0% 100.0%
10 | 1 10 17 12 41
What is your age grou 2. 2% 2.4% 24.4% 41.5% 29.3% 100.0%
(Student Male)? ||0 > 5 > 1 10
3039 llo.0% 20.0% 50.0% 20.0% 10.0% 100.0%
1049 llo 0 2 0 2 1
lo.0% 0.0% 50.0% 0.0% 50.0% 100.0%
otal ||1 3 21 33 22 80
l|2.29% 3.8% 26.2% 41.2% 27.5% 100.0%

Table 34: Male 6 WXGHQWVY (DV\ $FFHVV WR 3URJUDPYV 8VLQJ D !

|Using a virtual desktop would help me better with umversity work{Total
due to the easy access to the programs | need
|Un|ike|y Neutral Possible Definitely
17-20 2 10 17 13 42
4.8% 23.8% 40.5% 31.0% 100.0%
1.9 3 12 12 9 36
\What is your age group 8.3% 33.3% 33.3% 25.0% 100.0%
(Student Female)? 203 1 7 4 6 18
5.6% 38.9% 22.2% 33.3% 100.0%
104 0 5 1 2 8
0.0% 62.5% 12.5% 25.0% 100.0%
Total | 34 34 30 104
|5.8% 32.7% 32.7% 28.8% 100.0%

Table 35 Female 6 W XGHQWVY (DV\ $FFHVV WR 3URJUDPYV 8VLQJ D

Using a virtual desktop would help me better with my university workiduTotal
the easy access to the programs | need
|Definite|y Not [Unlikely Neutral Possible Definitely
1 1 2 4
30-39 |IO P
lo.0% 0.0% 25.0% 25.0% 50.0% 100.0%
What is your age grou 10,49 llo 0 2 2 1 5
(Staff Female)? Jo.0% 0.0% 40.0% 40.0% 20.0% 100.0%
1 1 3 2 3 10
OversO b 5 0% 10.0% 30.0% 20.0% 30.0% 100.0%
1 1 6 5 6 19
Total
5.3% 5.3% 31.6% 26.3% 31.6% 100.0%

Table 36: Female SaffsY (DV\ $FFHVV WR 3URJUDPV 8VLQJ D 9LUWX|
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|using a virtual desktop would help me better with my  [Total
university work due to the easy access topttograms | nee
INeutral Possible Definitely
0 2 2 4
) 40-49 ||
What is your age group Jo.0% 50.0% 50.0% 100.0%
(Staff Male)? 1 0 1 2
Over 50
50.0% 0.0% 50.0% 100.0%
1 2 3 6
Total
16.7% 33.3% 50.0% 100.0%

Table 37: Male Saffs| (DV\ $FFHVV WR 3URJUDPV 8VLQJ D 9LUWXD

Using a virtual desktop would allow me more time to do my university wjTotal
as | could spend more time at home
|Definite|y Not |Unlikely Neutral Possible Definitely
1720 ||0 0 4 14 7 25
||0.0% 0.0% 16.0% 56.0% 28.0% 100.0%
100 | 2 o 15 14 41
What is your age grou l|2.49% 1.9% 22.0% 36.6% 34.1% 100.0%
(Student Male)? ||0 > 3 3 > 10
30-39
llo.0% 20.0% 30.0% 30.0% 20.0% 100.0%
llo 0 2 1 1 4
40-49
llo.0% 0.0% 50.0% 25.0% 25.0% 100.0%
. I 4 18 33 04 80
||1.2% 5.0% 22.5% 41.2% 30.0% 100.0%

Table 38 Male Students Having Extra Time At Home Using a Virtual Desktop

Using a virtual desktop woulallow me more time to do my university work agTotal
could spend more time at home
|Definitely Not |Unlikely Neutral Possible Definitely
1790 ||1 1 11 16 13 42
|2.49% 2.4% 26.2% 38.1% 31.0% 100.0%
\What is your age  [21-29 |I0 2 12 S 13 36
group llo.0% 5.6% 33.3% 25.0% 36.1% 100.0%
(Student Female)? |3 oo llo 1 7 3 7 18
flo.0% 5.6% 38.9% 16.7% 38.9% 100.0%
049 llo 0 5 1 2 8
flo.0% 0.0% 62.5% 12.5% 25.0% 100.0%
L I 4 35 29 35 104
| 3.8% 33.7% 27.9% 33.7% 100.0%

Table 39: Female Students Having Extra Time At Home Using a Virtual Desktop
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Usinga virtual desktop would allow me more time to do my Total
university work as | could spend more time at home
|Un|ike|y Neutral Possible Definitely
0 2 1 1 4
30-39 |I
llo.0% 50.0% 25.0% 25.0% 100.0%
\What is your age group 1040 [lo > > 1 5
(Staff Female)? Jo.0% 40.0% 40.0% 20.0% 100.0%
1 4 2 3 10
Over 50
v 10.0% 40.0% 20.0% 30.0% 100.0%
1 8 5 5 19
Total
5.3% 42.1% 26.3% 26.3% 100.0%

Table 40: Female Saff Having Extra Time At Home Using a Virtual Desktop

Using a virtual desktop would allow me more time to do my Total
university work as | could spend more time at home
INeutral Possible Definitely
| s |2 : / i
\What is your age grouj llo.0% 50.0% 50.0% 100.0%
(Staff Male)? Over 50 2 0 0 2
Ve > 100.0% 0.0% 0.0% 100.0%
2 2 2 6
Total
33.3% 33.3% 33.3% 100.0%

Table 41: M ale Staff Having Extra Time At Home Using a Virtual Desktop

|A virtual desktop would reduce costs for me as | could work better from HTotal
|Definite|y Not [Unlikely Neutral Possible Definitely
1720 1 2 12 10 17 42
2.4% 4.8% 28.6% 23.8% 40.5% 100.0%
b1.29 1 3 7 11 14 36
What is your age grouy 2.8% 8.3% 19.4% 30.6% 38.9% 100.0%
(Student Female)? o o 10 1 7 18
30-39 {
Jo.0% 0.0% 55.6% 5.6% 38.9% 100.0%
40-49 1 1 3 2 1 8
12.5% 12.5% 37.5% 25.0% 12.5% 100.0%
3 6 32 24 39 104
Total
2.9% 5.8% 30.8% 23.1% 37.5% 100.0%

Table 42: Reducing Costs forFemale Students by Working from Home
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A virtual desktop would reduce costs for me asuld work better from  [Total
home
|Definitely Not [Unlikely Neutral Possible Definitely
720 lo 0 4 0 12 o5
Jo.0% 0.0% 16.0% 36.0% 48.0% 100.0%
109 1L 2 10 15 13 41
What is your age group 2.4% 4.9% 24.4% 36.6% 31.7% 100.0%
(Student Male)? 1 > 5 o > 10
3039 10 0% 20.0% 50.0% 0.0% 20.0% 100.0%
Jo 0 3 0 1 4
10-49 llo.0% 0.0% 75.0% 0.0% 25.0% 100.0%
2 4 22 24 28 80
Total |I
lI2.59% 5.0% 27.5% 30.0% 35.0% 100.0%
Table 43: Reducing Costs forMale Students by Working from Home
A virtual desktop would reduce costs for el could work better from  [Total
home
[Definitely Not |Unlikely Neutral Possible Definitely
1 2 1 4
30-39 ||0 P
lfo.0% 0.0% 25.0% 50.0% 25.0% 100.0%
What is your age grOU|c4049 Il 0 2 1 1 5
(Staff Female)? ll20.0% 0.0% 40.0% 20.0% 20.0% 100.0%
Over 50 llo 2 3 1 4 10
flo.0% 20.0% 30.0% 10.0% 40.0% 100.0%
o Ik > 6 4 6 19
lI5.32% 10.5% 31.6% 21.1% 31.6% 100.0%
Table 44: Reducing Costs forFemale Saff by Working from Home
A virtual desktop would reduce costs for me as | coul[Total
lwork better from home
Neutral Possible Definitely
_ 40-49 lo 2 2 a
What is your age group flo.0% 50.0% 50.0% 100.0%
(Staff Male)? 2 0 0 2
overs0 o0 0% 0.0% 0.0% 100.0%
|2 2 2 6
Total
o lI33.3% 33.3% 33.3% 100.0%

Table 45. Reducing Costs for Male Saff by Working from Home
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|I could save money by using the UCO programs via the virtual desktop rdTotal
than buying my own copy
|Definite|y Not|Unlikely Neutral Possible Definitely
1790 lIo 0 3 10 12 25
Jo.0% 0.0% 12.0% 40.0% 48.0% 100.0%
b1.29 2 2 7 17 13 41
\What is your age grouy 4.9% 4.9% 17.1% 41.5% 31.7% 100.0%
(Student Male)? 2030 1 P 2 1 4 10
10.0% 20.0% 20.0% 10.0% 40.0% 100.0%
10.49 |o 0 2 1 1 4
lo.0% 0.0% 50.0% 25.0% 25.0% 100.0%
otal I3 4 14 29 30 80
l|3.89% 5.0% 17.5% 36.2% 37.5% 100.0%

Table 46: Benefits of Virtual Programs Compared to Own Copyfor Male Students

| could save money by using the UCO programs via the virtual desktop rafTotal
than buying my own copy
|Definite|y Not [Unlikely Neutral Possible Definitely
1720 ||1 1 10 14 16 42
|l2.4% 2.4% 23.8% 33.3% 38.1% 100.0%
100 llo 2 9 10 15 36
What is your age grou lfo.0% 5.6% 25.0% 27.8% 41.7% 100.0%
(Student Female)? ||0 0 10 1 v 18
3039 flo.0% 0.0% 55.6% 5.6% 38.9% 100.0%
1049 1 0 3 2 2 8
12.5% 0.0% 37.5% 25.0% 25.0% 100.0%
Total 2 3 32 27 40 104
1.9% 2.9% 30.8% 26.0% 38.5% 100.0%

Table 47: Benefits of Virtual Programs Compared to Own Copy forFemaleStudents

| could save money by using the UCO programs via the virtual [Total
desktop rather than buying my own copy
|Definite|y Not [Neutral Possible Definitely
0 0 1 3 4
30-39 |I
Jo.0% 0.0% 25.0% 75.0% 100.0%
\What is your age group 10.49 1 0 0 4 5
(Staff Female)? 20.0% 0.0% 0.0% 80.0% 100.0%
1 4 1 4 10
Over 50
10.0% 40.0% 10.0% 40.0% 100.0%
2 4 2 11 19
Total
10.5% 21.1% 10.5% 57.9% 100.0%

Table 48: Benefits of Virtual Programs Compared to Own Copy for Female Siff
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| could save money by using the UCO programs vi
virtual desktop rather than buying my own copy

Total

|Possible Definitely
1 3 4
40-49
\What is your age group 25.0% 75.0% 100.0%
(Staff Male)? 1 1 2
Over 50
v 50.0% 50.0% 100.0%
Total 2 ¢ 6
33.3% 66.7% 100.0%

Table 49: Benefits of Virtual Programs Compared to Own Copy forMale Saff

, FRXOG VDYH PRQH\ E\ XVLQJ WKH YLUWXDO [Total
be upgraded
[Definitely Not  |Unlikely Neutral Possible Definitely
20 o 0 0 6 10 o5
llo.0% 0.0% 36.0% 24.0% 40.0% 100.0%
\What isyour age  [21-29 ’IO = 8 14 14 L
group lfo.0% 12.2% 19.5% 34.1% 34.1% 100.0%
(Student Male)? | o[t 1 3 1 4 10
lJ20.0% 10.0% 30.0% 10.0% 40.0% 100.0%
040 llo o 1 1 2 n
llo.0% 0.0% 25.0% 25.0% 50.0% 100.0%
1 21 22
! 6 oo
| Y 7.5% 26.2% 27.5% 37.5% 100.0%
Table 50: Benefits of not having to Upgrade Own Computer by Using a Virtual
Desktopfor Male Students
| FRXOG VDYH PRQH\ E\ XVLQJ WKH YLUW XD OfTotal
to be upgraded
|Definitely Not |Unlikely Neutral Possible Definitely
1720 ||o 1 15 10 16 42
llo.0% 2.4% 35.7% 23.8% 38.1% 100.0%
| 3 9 10 13 36
What is your age grouf?129 0 0 1) 1) 9 )
your age g l|2.89% 8.3% 25.0% 27.8% 36.1% 100.0%
(Student Female)? 035 ||0 0 0 1 3 18
Jo.0% 0.0% 50.0% 5.6% 44.4% 100.0%
049 1L 0 3 2 2 8
12.5% 0.0% 37.5% 25.0% 25.0% 100.0%
2 4 36 23 39 104
Total
1.9% 3.8% 34.6% 22.1% 37.5% 100.0%

Table 51: Benefits of not having to Upgrade Own Computer by Using a Virtual
Desktop for FemaleStudents
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, FRXOG VDYH PRQH\ E\ XVLQJ WKH YLUW XI([Total
need to be upgraded
|Definite|y Not Neutral Possible Definitely
20-39 ||O 0 2 2 4
lJo.0% 0.0% 50.0% 50.0% 100.0%
\What is your age grouy 049 o 1 1 3 5
40-4
(Staff Female)? lo.0% 20.0% 20.0% 60.0% 100.0%
1 4 2 3 10
Over S0l 5.0% 40.0% 20.0% 30.0% 100.0%
Total 1 5 5 8 19
5.3% 26.3% 26.3% 42.1% 100.0%
Table 52: Benefits of not having to Upgrade Own Computer by Using a Virtual
Desktop for Female Saff
| could savemoney by using the virtual desktop as my comgTotal
ZRXOGQTW QHHG WR EH XSJUDGHG
Neutral Possible Definitely
) 40-49 ||0 L S 4
\What is your age group Jo.0% 25.0% 75.0% 100.0%
(Staff Male)? 2 0 0 2
Over 50
100.0% 0.0% 0.0% 100.0%
2 1 3 6
Total
33.3% 16.7% 50.0% 100.0%
Table 53: Benefits of not having to Upgrade Own Computer by Using a Virtual
Desktop for Male Saff
|I would like to be able to print from my own technology devices at the UTotal
|Definitely Not Neutral Possible Definitely
17-20 1 1 4 19 25
4.0% 4.0% 16.0% 76.0% 100.0%
b1.29 0 2 7 32 41
What is your age grou 0.0% 4.9% 17.1% 78.0% 100.0%
(Student Male)?
20.39 0 5 0 5 10
0.0% 50.0% 0.0% 50.0% 100.0%
0 2 0 2 4
40-4
0-49 0.0% 50.0% 0.0% 50.0% 100.0%
1 10 11 58 80
Total
1.2% 12.5% 13.8% 72.5% 100.0%

Table 54: Ability to Print from Own Devices at the UCO via Virtualization for Male

Students
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|I would like to be able to print from nywn technology devices at the UCO [Total
|Definitely Not |Unlikely Neutral Possible Definitely
20 o 0 3 8 31 42
flo.0% 0.0% 7.1% 19.0% 73.8% 100.0%
]2 1 4 B 23 36
What is your age groy?2% lI5.69% 2.8% 11.1% 16.7% 63.9% 100.0%
(Student Female)? ||O 0 5 n 9 18
30-39 15°0% 0.0% 27.8% 22.2% 50.0% 100.0%
1 0 5 1 1 8
4049 o 5o 0.0% 62.5% 12.5% 12.5% 100.0%
ol 3 1 17 19 64 104
2.9% 1.0% 16.3% 18.3% 61.5% 100.0%
Table 55: Ability to Print from Own Devices at the UCO via Virtualization for
FemaleStudents
|I would like to be able to print from my own technology devices a8®  [Total
|Definite|y Not |Unlikely Neutral Possible Definitely
2039 ||0 1 2 0 1 4
What is your age Hg.O% (2)5.0% i0.0% (1).0% iS.O% 200.0%
group 10-4
(Staff Female)? 0-49 H40.0% 0.0% 20.0% 20.0% 20.0% 100.0%
0 1 4 1 4 10
Over 50
Ve >40.0% 10.0% 40.0% 10.0% 40.0% 100.0%
2 2 7 2 6 19
Total |I
ll10.5% 10.5% 36.8% 10.5% 31.6% 100.0%
Table 56: Ability to Print from Own Devices at the UCO via Virtualization for
Female Saff
I would like to be able to print from my own technology devices afTotal
uco
|Un|ikely Neutral Definitely
o |1 o 3 i
What is your age group ll25.09% 0.0% 75.0% 100.0%
(Staff Male)? over 50 ||0 1 1 >
Vers=t 0% 50.0% 50.0% 100.0%
Total I 1 ¢ o
lln6.79% 16.7% 66.7% 100.0%

Table 57: Ability to Print from Own Devices at the UCO via Virtualization for Male

Staff
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|I would not need to worry about the UCO being closed during the holidayqTotal

can still work fromhome

|Definite|y Not |Unlikely Neutral Possible Definitely
720 Io 0 1 8 16 o5
llo.0% 0.0% 4.0% 32.0% 64.0% 100.0%
100 [lo 0 7 8 26 41
What is your age groy llo.0% 0.0% 17.1% 19.5% 63.4% 100.0%
(Student Male)? 030 ||1 0 3 > n 10
lJ20.09% 0.0% 30.0% 20.0% 40.0% 100.0%
1049 llo 1 1 1 1 1
llo.0% 25.0% 25.0% 25.0% 25.0% 100.0%
. I 1 12 19 47 80
l|2.296 1.2% 15.0% 23.8% 58.8% 100.0%

Table 58: Ability to Work from Home when the UCO is closed(Male Students)

| would not need to worry about the UCO being closed during the holidayqTotal
can still work from home

IDefinitely Not [Unlikely Neutral Possible Definitely
1700 2 0 1 11 28 42
4.8% 0.0% 2.4% 26.2% 66.7% 100.0%
100 12 0 3 10 21 36
What is your age grou 5.6% 0.0% 8.3% 27.8% 58.3% 100.0%
(Student Female)? lo 1 3 3 11 18
3039 llo.0% 5.6% 16.7% 16.7% 61.1% 100.0%
1040 llo 0 2 3 3 8
llo.0% 0.0% 25.0% 37.5% 37.5% 100.0%
L 4 1 0 07 63 104
ll3.89% 1.0% 8.7% 26.0% 60.6% 100.0%

Table 59: Ability to Work fro m Home when the UCO is closed (Feate Students)

| would not need to worry about the UCO being closed during the holidgTotal
| can still work from home

|Definite|y Not |Unlikely Neutral Possible Definitely
1 0 1 1 1 4
30-39
25.0% 0.0% 25.0% 25.0% 25.0% 100.0%
What is your age grou4049 1 o > 1 1 5
(Staff Female)? 20.0% 0.0% 40.0% 20.0% 20.0% 100.0%
over sl 1 > 3 4 10
0.0% 10.0% 20.0% 30.0% 40.0% 100.0%
> 1 5 5 1
Total 6 9
10.5% 5.3% 26.3% 26.3% 31.6% 100.0%

Table 60: Ability to Work from Home when the UCO is closed (Femalestaff)
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| would not need to worry about the UCO being clofTotal
during the holidays as | catill work from home
|Possible Definitely
40-49 I u u
\What is your age group II0.0% 100.0% 100.0%
(Staff Male)? 1 1 2
Oversd 10 0% 50.0% 100.0%
Total |Il > 6
l.6.7% 83.3% 100.0%

Table 61 Ability to Work from Home when the UCO is closedMale Staff)

|It would help me greatly being able to access the UCO programs from aljTotal
efinitely Not nlikely eutra ossible efinitely
|pefinitely N Unlikel N | Possibl Definitel
17-20 3 0 7 4 11 25
12.0% 0.0% 28.0% 16.0% 44.0% 100.0%
What is your age  [21-29 [f> 4 7 13 12 41
group 12.2% 9.8% 17.1% 31.7% 29.3% 100.0%
(Student Male)? 20-39 2 0 3 2 3 10
20.0% 0.0% 30.0% 20.0% 30.0% 100.0%
10 0 2 1 1 A
40-4
0-49 ||0.0% 0.0% 50.0% 25.0% 25.0% 100.0%
1 4 1 2 27
Total |I 0 o 0 8o
||12.5% 5.0% 23.8% 25.0% 33.8% 100.0%

Table 62 Ability for Male Students to Access UCO Programs from Abroad

|It would help me greatly beingple to access the UCO programs from abro{Total
|Definitely Not |Unlikely Neutral Possible Definitely
4 11 1 42
1720 [P° b 8
7.1% 9.5% 14.3% 26.2% 42.9% 100.0%
What is your age  [21-29 o 2 0 8 11 36
group 16.7% 5.6% 25.0% 22.2% 30.6% 100.0%
(Student Female)? |5, 29 2 1 6 3 6 18
11.1% 5.6% 33.3% 16.7% 33.3% 100.0%
1049 4 1 2 0 1 8
50.0% 12.5% 25.0% 0.0% 12.5% 100.0%
15 8 23 22 36 104
Total
14.4% 7.7% 22.1% 21.2% 34.6% 100.0%

Table 63: Ability for Fem ale Students to Access UCO Programs from Abroad
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|It would help me greatlpeing able to access the UCO programs from abroad|Total
|Definitely Not [Unlikely Neutral Possible Definitely
030 ||1 0 1 2 0 4
What is your age IIZS.O% 0.0% 25.0% 50.0% 0.0% 100.0%
group L1040 1B 2 0 0 o 5
(Staff Female)? l[60.0% 40.0% 0.0% 0.0% 0.0% 100.0%
over [|2 2 3 b 3 10
50  [[20.0% 20.0% 30.0% 0.0% 30.0% 100.0%
. le 4 4 > 3 19
l|31.6% 21.1% 21.1% 10.5% 15.8% 100.0%
Table 64: Ability for Female Staff to Access UCO Programs from Abroad
It would help me greatly being able to access the UCO prograiTotal
from abroad
|Definite|y Not Neutral Definitely
10,49 Il 0 3 4
\What is your age group ||25.0% 0.0% 75.0% 100.0%
(Staff Male)? ||0 1 1 >
Over 50 115750 50.0% 50.0% 100.0%
2 1 4 6
Total
l26.7% 16.7% 66.7% 100.0%
Table 65: Ability for Male Stff to Access UCO Programs from Abroad
|I would be very happy to use the UCO virtual desktop Total
|Un|ike|y Neutral Possible Definitely
1790 ||1 0 4 20 25
ll2.0% 0.0% 16.0% 80.0% 100.0%
10 llo 5 13 23 41
\(Nha(; is yourI a)ge group llo.0% 12.2% 31.7% 56.1% 100.0%
Student Male)?
2030 llo 2 3 5 10
llo.0% 20.0% 30.0% 50.0% 100.0%
llo 1 1 2 4
40-4
0-49 llo.0% 250% 25.0% 50.0% 100.0%
L I 8 01 50 80
l|2.296 10.0% 26.2% 62.5% 100.0%

Table 66: Acceptability of a Virtual Desktop (Male Students)
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|I would be very happy to use the UCO virtual desktop Total
|Un|ike|y Neutral Possible Definitely
1720 I > 12 07 42
ll2.4% 4.8% 28.6% 64.3% 100.0%
100 llo 4 10 22 36
What is your age group llo.0% 11.1% 27.8% 61.1% 100.0%
(Student Female)? 035 ||1 1 5 10 18
lI5.69% 5.6% 33.3% 55.6% 100.0%
llo 1 4 3 B
10-49 llo.0% 125% 50.0% 37.5% 100.0%
. I- 8 32 62 104
ll1.99% 7.7% 30.8% 59.6% 100.0%
Table 67: Acceptability of a Virtual Desktop (Female Students)
|t would be very happy to use the UCO virtual deskt{Total
Neutral Definitely
0 4 4
40-4
\What is your aggroup 0-49 0.0% 100.0% 100.0%
(Staff Male)? 1 1 2
Overs0  i5e 50 50.0% 100.0%
1 5 6
Total
o 16.7% 83.3% 100.0%
Table 68: Acceptability of a Virtual Desktop (Male Stff)
|l would be very happy to use the UGiPtual desktop Total
Neutral Possible Definitely
039 o 1 3 4
flo.0% 25.0% 75.0% 100.0%
\What is your age group 10,49 llo > 3 5
(Staff Female)? fo.0% 40.0% 60.0% 100.0%
2 4 10
Overs0 15 0% 20.0% 40.0% 100.0%
ol 4 5 10 19
21.1% 26.3% 52.6% 100.0%

Table 69: Acceptability of a Virtual Desktop (Female Saff)
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Appendix 9 : Licence costs

Product Name Retail Cost Student Discount
Windows XP £25 £25
Windows7 £189.99 £189.99
Windows 8 £189.99 £49.99
Office Pro £389.99 £389.99
Access 2010

Excel 2010

One Note 2010

Power Point 2010

Publisher 2010

Project 2010 £570.00 £570.00
Word 2010

SPSS 20 £71.56 £71.56
Sketchup 8 Pro $495 =£321.45 $49 =£31.82
AutoCAD Design Suite Ultimate 2013 £6785 £156
3Ds MAX £3680 £156
Adobe Master Suite £2,398.80 £758.99
Adobe Flash £623.50 £623.50
Adobe Photoshop £631.20 £207.50
Adobe Dreamweaver £339.99 £138.84
Adobe lllustrator £546.64 £295.78
Adobe After Effects £928.49 £928.49
End Note £180 £93.60
TOTAL: £17,872 £4.687

Full Price (cheapest prices as of 15 April 2013):

Amazon (2013Adobe Creative Suite 6 Master Collection (F@)line] Available at:

http://www.amazon.co.uk/AdobEreativeSuite-Master
Collection/dp/BO007UXCQFC/ref=sr 1?%=software&ie=UTF8&qid=1367487715&sr4
1&keywords=Adobe+master+C§Accessed 15 April 2013].

Amazon (2013Adobe After Effects CS6 (P{Online] Available at:

http://www.amazon.co.uk/Adob&fter-EffectsCS6
PC/dp/BO07UXCB16/ref=sr 1 17?s=software&ie=UTF8&qid=1367486684&sr=1
1&keywords=After+Effects+ CgpAccessed 15 April 2013].

Amazon (2013AdobePhotoshop CS6 (PQdnline] Available at:

http://www.amazon.co.uk/s/ref=nb sb noss 1?url=sealiah%3Dséiware&field-

keywords=photoshop+CS6&rh=n%3A300435%2Ck%3Aphotoshop{fB&tssed 15

April 2013].
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Amazon (2013Adobe Flash Pro CS6 (P@)nline] Available at:

http://www.amazon.co.uk/AdobelashPro-CS6

PC/dp/B007UXD2J6/ref=sr 1 17?s=software&ie=UTF8&q0id=1367487134&sr=1

1&keywords=Flash+C3pAccessed 15 April 2013].

Amazon (2013Adobe Dreamweaver CS6 (Pfonline] Available at:
http://www.amazon.co.uk/Adob8ystemsinc-65168512
Dreamweaver/dp/BO07UXCZR6/ref=sr 1 1?s=software&ie=UTF8&qid=136748724
=1-1&keywords=Dreamweaver+C§fAccessed 15 April 2013].

Amazon (2013Adobe lllustrator CS6 (Pdpnline] Available at:
http://www.amazon.co.uk/Adob8ystemsnc-65165611
lllustrator/dp/BOOUXD3YU/ref=sr 1 1?s=software&ie=UTF8&qid=1367487848&s11
1&keywords=illustrator+CSpAccessed 15 April 2013].

Microsoft Store (2013Dffice Professional 201f®nline] Available at:

[ttp://www.microsoftstore.com/store/msuk/en _GB/pdp/product|D.26024pSf@ssed
15 April 2013].

Amazon (2013Microsoft Project Professional 2010 (P{Online] Available at:
http://www.amazon.co.uk/MicroseRrojectProfessional010
PC/dp/BO03FP0G24/ref=sr 1 37?s=software&ie=UTF8&0id=1367494837&sr=1
3&keywords=project+201PAccessed 15 April 2013].

Autodesk Store (201FutoCAD Design Suite Ultimate 20[dhline] Available at:
[http://store.autodesk.co.uk/DRHM/stpfAccessed 15 April 2013].

Autodesk Store (201Futodesk 8s Max 2014online] Available at:

[nttp://store.autodesk.co.uk/store/adsk/en _GB/buy/productlD.2697[[8668ssed 15
April 2013].

Microsoft Store (2013Windows 8 Prqonline] Available at:

[ttp://www.microsoftstore.com/store/msuk/en _GB/pdp/product|D.2720([Xd@ssed
15 April 2013].

Amazon (2013Microsoft Windows 7 Profession&ull Version (PC DVD), 1 User
[online] Available athttp://www.amazon.co.uk/MicsnftWindowsProfessionaFull-
Version/dp/B002DUCMTC/ref=sr_1 1?s=software&ie=UTF8&Qqid=1367492255&sI
1&keywords=windows+7+pljpAccessed 15 April 2013].

Amazon (2013Microsoft Windows XP Professional with Service Pack 3 Q&Nine]
Available atthttp://www.amazon.co.uk/Microse#/indows ProfessionaBervice
OEM/dp/BO00JTDV6M/ref=sr 1 22software&ie=UTF8&qid=1367492432&sr=1
28keywords=windows+xJjAccessed 15 April 2013].

OnTheHubeStore (201BM® SPSS® Statistics J@nline] Available at:
[http://e5onthehub.com/WebStore/ProductSearchOfferingList.aspx?ws=49c8Gba |
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dd11bb6c

0030485a6b08&vsro=8&srch=+SPSS%C2%AE+Statistics&utm source=LandirgP
SPSSStatistics21&utm _medium=LandingPage&utm campaign=SPSS&JSEnabjed=1
[Accessed 15 April 2013].

Sketctp (2013)SketchUp Pro online] Available at:
[http://www.sketchup.com/intl/en/product/gsup.Hfiécessed 15 April 2013].

Bilaney Consultants (2018ndNote Single User Licence Pricifgnline] Available at:
[http://www.bilaneyconsultants.co.uk/prices/endndfi@tcessed 15 April 2013].

XE (2013)XE CURRENCY CONVERTH®&nline] Available at:
[http://www.xe.com/currencyconverter/convert/?Amount=49&From=USD&To=GBP
[Accessed 15 April 2013].

StudentDiscount (cheapest prices as of 15 April 2013):

Amazon (2013Master Collection CS6 Student + Teacher (Online Validation) Win
(student and teach@iigibility requirementfpply for this productjonline] Available at:
http://www.amazon.co.uk/MastélollectionStuderiTeacher
Validation/dp/BO07UXDA3E/ref=sr_1 37?s=software&ie=UTF8&qid=1367487777&gr=1
3&keywords=Adobe+master+CfAccessed 15 April 2013].

Amazon (2013Addoe After Effects CS6 (P@)nline] Available at:
http://www.amazon.co.uk/Adobgfter-EffectsCS6

PC/dp/BO07UXCB16/ref=sr 1 1?s=software&ie=UTF8&0id=1367486684&sr=1
1&keywords=After+Effects+CgpAccessed 15 April 2013].

Amazon (2013Adobe Photoshop Extended CS6, Student and Teacher Version (Mac)
(student and teachiigibility requirementkapply for this productjonline] Available at:
http://www.amazon.co.uk/AdobehotoshogExtendedStudent
Teacher/dp/BO07URBVO/ref=sr 1 47?s=software&ie=UTF8&(id=1367487418&sr=1
48keywords=Photoshop+CHBccessed 15 April 2013].

Amazon (2013Adobe Flash Pro CS6 (P@)nline] Available at:
http://www.amazon.co.uk/AdobElashPro-CS6

PC/dp/BO07UXD2J6/ref=sr 1 17?s=software&ie=UTF8&qid=1367487134&sr=1
1&keywords=Flash+CYpAccessed 15 April 2013].

Amazon (2013Adobe Dreamweaver CS6, Student and Teacher Version (PC) (student and
teacheleligibility requirementfapply for this productjonline] Available at:
http://www.amazon.co.uk/AdobBreamweaveStuderiTeacher
Version/dp/BO07UXDB3I/ref=sr 1 2?s=software&ie=UTF8&qid=1367487495&sr=1
2&keywords=dreamweaver+CHaccessed 15 April 2013].
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Amazon (2013Adobe Creative Swat6 Design Standard, Student and Teacher Version
(PC) (student and teacHetigibility requirementgapply for this productjonline]
Available at:

http://www.amazon.co.uk/AdobEreative StandareStudent
Teacher/dp/BO07UXD93A/ref=sr_1 3?s=software&ie=UTF8&qid=1367487903&sr51
3&keywords=illustrator+ CSpAccessed 15 April 2013].

Microsoft Store (2013Dffice Professional 201f®nline] Available at:
[http://www.microsoftstore.com/store/msuk/en GB/pdp/productID.26024p8essed
15 April 2013].

Autodesk Store (201FutoCAD Design Suite Ultimate 201$tudent and Faculty
Pricing [online] Available afhttp://store.autodesk.co.uk/DRHM/st{jfeccessed 15 April
2013].

Microsoft Store (2013ptudentgonline] Available at:

http://www.microsoftstore.com/store/msuk/en GB/list/ ThemelD.30273200/cateqgory|D.59
70060([Accessed 15 April 2013].

SketchUp (2@3) SketchUp Pro Student Licengesline] Available at:
(http://www.sketchup.com/intl/en/industries/edu/students Jmtessed 15 April 2013].

Bilaney Consultants (2018ndNoteSingle User Licence Pricingnline] Available at:
[http://www.bilaneyconsultants.co.uk/prices/endndfiétcessed 15 April 2013].

XE (2013)XE CURRENCY CONVERTH®line] Available at:
[http://www.xe.com/currencyconverter/convert/? Amount=49&From=USD&To=[GBP
[Accessed 15 April 2013].
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