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Abstract 
 
Flash, a proprietary format, is the most widely used vector graphics format on the 
Internet (Probets et al, 2001). 
 
Scalable Vector Graphics (SVG) is an XML namespace and a W3C recommended 
open standard for describing two-dimensional vector graphics. The current 
specification (SVG 1.1) released in January 2003 supports interactivity, dynamic 
content and mobile devices. 
 
SVG is data driven, that is it consists of code (in plain text) to be rendered by an 
application, in the same way as HTML is rendered by a browser, this means that 
sophisticated vector graphics can be displayed using less bandwidth than equivalent 
raster based formats (JPEG, PNG or GIF), making it attractive for Internet use. 
 
The project undertook a literature review of vector graphics on the Internet, evaluated 
SVG technology and reviewed current trends in the use of SVG. A primary finding is 
the very limited extent that SVG is used for developing interactive games.  
 
Near identical interactive multimedia games were developed in both formats, the SVG 
game (unique at the time of development) testing many features of the format and 
using JavaScript to control the interaction. The applications were evaluated against 
key criteria of delivery; bandwidth required, speed of client side rendering, usability 
of interactive features, efficacy of viewers and development resource required.  
 
The project concluded that, currently, SVG is an inferior format to Flash for the 
delivery of interactive vector graphics over the Internet. Clear and simple solutions, 
are required. In the matter of SVG viewer availability, viewers need to be embedded 
in browsers or wide promulgation of plugin viewers is required. This should be 
rapidly achieved in conjunction with the introduction of effective graphical 
development environments. Failure to achieve this, will it make it probable that SVG 
will remain a niche format for use in areas such as cartographic display. 
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1 Introduction 
 
Vector graphics has attractions as a media for the delivery of 2D graphics on the 
Internet. Especially in terms of scalability (which enables precise rendering at 
multiple resolutions and screen size) and precision for material such as, line diagrams 
and cartographics (Mong and Brailsford, 2003).  
 
Macromedia’s Flash (a proprietary format) is the primary means of delivering 
interactive vector graphics over the Internet (Neumann and Winter, 2001). It is a 
binary format and is normally viewed over the Internet using a plugin from within a 
browser. It is capable of a high degree of Interactivity. Flash was introduced in 1996 
and developers have access to considerable assistance in the form of forums and 
textbooks. 
 
In 1998 the World Wide Web Consortium (W3C) considered there was a requirement 
for an open standard, text based, markup language for the display of 2D vector 
graphics, it was decided that this would be an Extensible Markup Language (XML) 
namespace called Scalable vector Graphics (SVG) (World Wide Web Consortium, 
(1), 2003). SVG, like Flash is currently viewed using a plugin. However the open 
standard nature of SVG means that there are a number of plugins, which render an 
SVG image, but they do so with degrees of efficacy. However the W3C intend that 
SVG should be natively rendered from within a (X)HTML/CSS browser. 
 
This project aims to research and critically examine the technology of SVG and 
compare it with Flash. Furthermore, prototypes in both Flash and SVG will be 
developed and subjected to evaluation. This research, development and evaluation 
will seek to answer the following questions. 
 

1. Does SVG have sufficient advantages over Flash; with respect to bandwidth, 
client side rendering, usability of interactive features and other key attributes 
which research may elicit to enable it to become the primary means of vector 
graphic delivery on the Internet? 

 
2. What key developments are required to facilitate wider use of SVG? 
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2 Review of Literature 
 

2.1 Overview of Flash 
 
Macromedia’s Flash is the primary means of delivering interactive vector graphics over 
the Internet (Neumann and Winter, 2001). It is a proprietary format requiring 
Macromedia’s Flash editor to generate an editable .fla file or a non-editable binary .swf 
format file suitable for use on the Internet (Probets et al, 2001). 
The .swf files require a browser plugin, which is free a 466Kb download from 
Macromedia Inc (Macromedia Inc (2), 2003). A recent survey undertaken by NPD for 
Macromedia Inc (Macromedia Inc (4), 2003) argues that that 98% of Internet viewers 
have access to Flash content, however this is a survey commissioned by Macromedia. 
Consequently it cannot be regarded as truly independent, especially as Macromedia Inc. 
(Macromedia Inc (4), 2003) concede that they have merely extrapolated the U.S.A. 
based results to give a global figure. 
 

 

Fig 1: Plugins on Internet enabled computers. Source Macromedia Inc. ((4), 2003). 

 
Flash has been available since 1996 and has iterated through 7 versions, so can 
reasonably be considered a mature Internet technology. 
 

2.2 Overview of SVG 
 
SVG is a W3C recommendation, based on XML (it is an XML namespace), for an 
open standard (Johnson-Eilola, 2002) for interactive vector graphics on the Internet 
(Duignan et al, 2003). As an XML namespace the file format is text based so any text 
editor as well as bespoke graphics programs can create SVG files (.svg) (Trippe and 
Binder, 2002).  
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Like Flash, SVG format files also require a browser plugin, being an open standard, 
there are a number of implementations. To date, the dominant plugin is Adobe SVG 
viewer version 3 (ASV3) (Duignan et al, 2003). The small number of Internet viewers 
with access to SVG enabled browsers compared to the near ubiquity of the Flash 
plugin is a disadvantage for SVG (Neumann and Winter, 2001). The emergent nature 
of SVG compared to Flash is demonstrated in table 1. 
 
 
Summary of key events in the development of SVG. 
 
Aug 2000 SVG 1.0 is W3C candidate recommendation 
September 2001 SVG 1.0 is W3C recommendation 
Jan 2001 Adobe viewer 2 released 
Nov 2001 Adobe viewer 3 released 
Nov 2002 SVG 1.1 is W3C proposed recommendation 
Nov 2002 SVG 1.2 is W3C 1st working draft 
Jan 2003 SVG Mobile Profiles are W3C recommendation 
Jan 2003: SVG 1.1 SVG 1.1 is W3C recommendation 
July 2003 Adobe beta viewer 6 released incorporating features of the 

current W3C Working Draft on SVG 1.2, released in July 2003 
 
Table 1: Summary of key SVG events. Source: World Wide Web Consortium ((1), 2003). 
 
 

2.3 Bitmaps 
 
The dominant format for delivery of 2D graphics on the Internet is bitmap. Bitmaps 
are a matrix of pixels values that compose an image (Badros et al, 2001). This means 
that images of similar dimensions and format will have similar file size. The primary 
formats, summarised from Chapman and Chapman (2002) are: 
 

·  Graphics Interchange Format (GIF) a lossless compression restricted to 256 
colours, its ability to assign a colour as transparent combined with its 
simplicity makes it suitable for the display of icons and simple cartoon 
images, with small file size. 

·  Joint Photographic Experts Group (JPEG) a lossy compression, so image 
degradation can be problematic; however it is suitable for reducing images of 
a complex nature or high resolution to a size suitable for display on a monitor. 

·  Portable Network Graphics (PNG) developed to supersede GIF and 
circumvent the patent restrictions (owned by Unisys) on GIF. It is a W3C 
recommendation as of October 1996 (World Wide Web Consortium (4), 
2003). It is not restricted to 256 colours and has better support for 
transparency. 

 
Whilst bitmaps are very limiting with respect to interaction (Neumann and Winter, 
2001), they do reflect the evolution of the Internet. The Internet started out as a text 
based medium, followed by the introduction of static images in bitmap format, which 
require limited client side resource. Bitmaps are also the native form of source image; 
such as scanned, screenshot captured and digitally photographed images (Chapman 
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and Chapman, 2002) and therefore relatively simple to create (Cagle, 2002) which 
encourages their use. Such images are often rich in texture, which bitmaps are ideal 
for (Cagle, 2002). 
 

2.4 Vector  Graphics 
 
Vector graphics are very different from bitmaps. Whilst bitmaps state the properties 
of each individual point of colour, in vector graphics the logical entities (curves, lines 
and text) are described, only when the image is to be rendered are the low level pixel 
values calculated (Duignan et al, 2003). This gives vector graphics, some key 
differentiating characteristics from bitmaps.  
Vector graphics are:  

·  Many times smaller than for a similar bitmap, reducing bandwidth 
requirements. 

·  Scalable and transformable. 
·  Resolution independent. 

 
A further key difference is in the way that vector graphics are delivered over a 
network, such as the Internet, to the user: the bitmap is rasterized server side whereas 
the vector graphic is rendered client side as shown in figure 2. 
 
Delivery of bitmap across network           Delivery of vector graphic across network 
 

 
 
Fig 2: Image display across a network. Source: Badros et al, 2001. 
 
In addition to Flash and SVG, other vector graphic formats include: 

 
·  Postscript, Adobe Systems page description language  
·  PDF, Adobe Systems Portable Document Format, very similar to Postscript 

level 2 and is de facto cross platform standard for displaying documents on the 
Internet, in addition to above features; PDF files have limited interaction.  

·  Precision Graphics Markup Language (PGML), draws on the former two 
formats; when the W3C requested submissions in 1998 for a new vector 
graphics standard on the web, PGML was a submission from Adobe Systems. 

·  VML, Microsoft’s Vector Markup Language, originally submitted to W3C 
along with PGML. VML has native support in the Internet Explorer browser. 
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The PGML and VML submissions were heavily drawn on for the SVG proposed 
recommendation of August 2000, with PGML providing much of the graphics model 
and VML providing the tags and their attributes. (Probets et al, 2001) 
 

2.5 Relative dominance of Flash 
 
Flash is the de facto standard for delivery of interactive vector graphics on the Internet. 
This, as Norman (1999) asserts, is a substantial impediment for any other new 
technology seeking to enter a marketplace as, provided the existing technology is 
satisfactory, users will be reluctant to switch unless the perceived benefits outweigh the 
costs of implementation and new learning. Considering empirical evidence, Bassanini 
and Dosi (1999) argue that a market dominated by one technology is likely to be long 
lasting and stable. Such a market can reasonably be expected to resist the introduction 
of a competing technology.  These arguments are pertinent to the following section. 
 

2.6 Plugins 
 
The greatest limitation, and accessibility issue at the time of writing, has to be the 
limited penetration of browser plugins (Watt et al, 2002) (Neumann and Winter, 
2001). The leading implementation (Duignan et al, 2003) is the Adobe SVG viewer 3 
(ASV3) and its successor version 6 (ASV6) (Adobe Systems, 2003). This plugin 
(ASV3) ships with the Adobe Acrobat Reader and other Adobe software, it is only 
available to 18% of all Internet users according to a survey by Macromedia 
(Macromedia Inc (4), 2003), although care must be taken as such a survey cannot 
properly be regarded as truly independent. This does suggest a question; is the lack of 
penetration due to a lack of suitable content or is the lack of content due to a lack of 
viewer penetration? Bassanini and Dosi (1999) imply the latter to be the case. If this is 
so, then wider distribution of plugins or viewers embedded into browsers is a 
prerequisite for the widespread uptake of SVG. This situation is also not assisted by 
the size of plugin (Watt et al, 2002) (2.3Mb for ASV3 and 2.9Mb for ASV6), whereas 
the equivalent plugin for Flash is only 466Kb. 
 
This situation will be improved if browser vendors add native SVG support to their 
products. Mozilla (Mozilla SVG Project, 2003) are in the early stages of 
implementation, but it is far from fully featured. However, Mozilla account for 
approximately 2.3% of web page accesses, whereas Microsoft Internet Explorer 
account for 94% of all accesses (Upsdell, 2003). However the following extract from 
Microsoft could arguably be interpreted as an intention on their part to natively 
integrate SVG viewing into Internet Explorer. 
 

‘Due to the cutting-edge nature of SVG and its current lack of native support 
across all major browsers, Web site visitors will often need to download and 
install a specialized viewer, such as the Adobe SVG Viewer or the upcoming 
Corel SVG Viewer, to see SVG content within Web pages (at least until the 
browsers themselves natively support SVG as they do most other graphics 
formats). (Microsoft.com, 2003).’  

 
Probets et al (2001) observe that when the W3C initially asked for proposals for a 
new vector graphic standard, one of the proposals was Microsoft’s VML, which is 
native to Internet Explorer. It is a matter for conjecture that Microsoft may have been 
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waiting to see if VML became the dominant means of delivering vector graphics over 
the Internet, before seeing if native support for SVG was necessary. 
 
The W3C have undertaken a study (World Wide Web Consortium (6), 2003) of SVG 
viewers. This involved testing each implementation against a test suite of SVG 
features. The results, summarised below, could be considered poor. A key area of 
failure was with respect to (hyper) links. Given that one of the primary areas of 
Internet interactivity is hyperlinks, this can be considered a significant weakness in 
the implementations (shown as ‘ link fails’  in table 2). The test suite is also limiting in 
that it does not test combinations of interactive features (such as JavaScript) within a 
single file containing SVG. This is a potential area for further work. 
 
Summary of analysis of SVG viewers’  performance done by W3C. 
 
 ASV6 ASV3 Batik CSV Amaya-

81 
Mozilla 

SVG 
pass 173 168 150 116 51 48 

fail 6 10 30 53 104 126 

partial 2 3 1 12 26 7 

unknown 0 0 0 0 0 0 

total 181 181 181 181 181 181 

link fails 
(out of 7) 

5 5 0 4 3 3 

 
Table 2: SVG viewer performance. Source: World Wide Web Consortium (6), 2003. 
 
Key: 
ASV6 is Adobe SVG Viewer, version 6 (beta). 
ASV3 is Adobe SVG Viewer version 3. 
Batik is Apache Batik Squiggle browser (JAVA platform). 
CSV is Corel SVG viewer, version 2. 
Amaya-81 is the Amaya Editor/browser version 8.1. 
Mozilla SVG is Mozilla SVG project. 
 

2.7 Commercial Aspects 
 
A primary difference between Flash and SVG as observed by Trippe and Binder 
(2002) is that SVG is an open standard owned by the W3C and governed by its 7 
points (World Wide Web Consortium (7), 2003) whereas Flash is a propriety format 
owned by Macromedia. Whilst Macromedia have made the SWF file specification 
available to the public, (Macromedia Inc (3), 2003) a software development kit (SDK) 
they used to distribute is no longer available. This is contrary to what Trippe and 
Binder (2002) state, but in line with their concern that Macromedia is free to change 
the format or suspend distribution of tools as it sees fit. Neumann and Winter (2002) 
observe that as an open standard SVG will have a longer life cycle, however there 
would be limited commercial logic in Macromedia significantly altering a 
commercially successful format beyond their current strategy of incremental 
development. In order to access the full functionality of the Flash format, applications 
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must be developed in Macromedia’s authoring tools, (Duignan et al, 2003) whereas 
SVG can be developed in any text editor as well as authoring tools such as Adobe 
Illustrator. Furthermore, it is argued by Neumann and Winter (2002) that open source 
projects are better documented and tested. Cagle (2002) observes that the open 
standard nature of SVG is encouraging the development of numerous authoring tools, 
this variety and quantity is very likely to drive down the price of individual 
applications and encourage some developers to work with SVG rather than (or as well 
as) Flash. 
 
Neumann and Winter (2002) express concern that cartographers would be unable to 
protect their source code due to the text based nature of SVG, for cartographic data, 
this is potentially significant as it will normally be subject to United Kingdom 
copyright. As will be discussed later SVG lends itself to cartographic display over the 
Internet, Neumann and Winter (2001) suggest that non-visible noise can be added to 
reveal infringements. It is questionable as to whether that would be sufficient to 
prevent infringement. The Flash SWF format is non-editable (Probets et al, 2001) and 
it is reasonable to suggest that this may encourage the development of applications in 
that format as it better protects intellectual property. 
 

2.8 File formats 
 
Flash in final form is a non-editable, binary format rendered by a browser plugin, 
whereas SVG is in plain text and also requires a browser plugin to view. A list of file 
format differences compiled by Neumann (2002), are summarised in appendix 1.  
Probets et al (2001) undertook early work on the conversion of Flash to SVG and 
compares the key differences in the semantics of the graphics. Many of these 
differences arise from the essentially linear nature of Flash, it moves along a timeline 
on a frame by frame basis. Whereas in SVG the declarative animation model permits 
animation using the animate tag, this allows any attribute (position, opacity) to be 
changed over a defined period of time. This potentially creates greater complexity for 
SVG than Flash at rendering time and may, in part, explain why SVG viewers have a 
larger file size than Flash players. This may also be a partial explanation (as discussed 
in 6.13) as to why computers can lock up when rendering SVG. 
Probets et al (2001) indicate that an SVG files are up to twice the size of their flash 
equivalents (when compressed using gzip compression as supported by the SVG 
specification). SVG (as an XML based language) has a hierarchical model that 
supports groups and subgroups of primitives with inherited properties. This does 
imply that simple final form Flash (SWF) files will be smaller than their equivalent 
SVG files, which have overheads in declarations. However as the images and 
animations become more complicated, such as, observes Probets et al (2001), the 
inclusion of multiple instances of a bitmap, Flash movies would embed each instance 
of the bitmap whereas SVG images would reference to a single instance source of the 
bitmap, which would probably be cached client side. 
 
Probets et al (2001) argued that much of the existing Flash material on the Internet 
will be converted to SVG. However he and his colleagues were writing before SVG 
1.0 was only a W3C candidate recommendation. The converter that was developed 
was limited in its features, it could not support Flash features beyond Flash version 2. 
It can be argued that in order for SVG to become a significant format for the delivery 
of vector graphics over the Internet, SVG has to demonstrate advantages over Flash 
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rather than the mere sense of equivalence conversion brings. Given the previously 
mentioned dominance of Flash plugin there seems little need to convert widely 
accessible material. This is borne out by the fact that Probets et al (2001) appear to 
have done no further published work in the area of Flash to SVG conversion, in 
addition the links provided to the converter prototypes no longer function at the time 
of writing. 
 

2.9 Accessibility 
 
Accessibility can be considered from 2 aspects, in order to make Internet pages 
available to as wide an audience as possible they should be available to search engines 
and accessible to those with special needs. 
 
Leading search engines such as Google, rank pages by the number of links pointing to 
them (Yaltaghian and Chignell, 2002) and it is harder to extract links from a Flash 
page than from an HTML page (Trippe and Binder, 2002). This can be partially 
alleviated in pages made up of hypertext markup language (HTML) and SWF files 
where it is easier to include Meta data. However as SVG has a human readable text 
based format it can easily be read by any search engine. 
 
Trippe and Binder (2002) also observe that it is easier to build accessibility into 
Internet pages for those with special needs in SVG rather than Flash, a significant 
consideration for many commercial developers, especially in countries that have 
relevant legislation. Trippe and Binder (2002) argue that the features of SVG they list 
for special needs access to Internet pages are clearly superior to Flash based pages, 
however Moock, (2002) discusses the Accessibility object in Flash MX ActionScript 
which can communicate with accessibility aids. This does suggest that Flash is more 
accessible than Trippe and Binder (2002) imply, however their underlying point that 
the open standard and text based nature of SVG makes it innately more accessible. 
Watt et al (2002) also note that SVG as a language is designed from first principles to 
be accessible according to theW3C ‘Web Accessibility Initiative’  (World Wide Web 
Consortium (7), 2003), arguing that accessibility in part comes down to good coding. 
 

2.10 Scalability 
 
The next generation computers will be non-desktop devices, such as smart phones and 
PDA’s (Vuorimaa et al, 2002). 
 
Badros et al (2001) and Marriot et al (2002) proposed (and developed proof of 
concept) introducing constraints into SVG to enable SVG to render on different 
devices or with different emphasis on elements of the image to assist users with 
special needs (as shown in figure 3): 

·  Semantic zooming: this allows users to view subsections of a diagram whilst 
retaining the form of the whole. 

·  Differential scaling: this is a technique to zoom in on one aspect of an image, 
such as the text elements. 

·  Semantics preserving manipulations: users can perform transformations 
without altering the semantic content or logical structure.  
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Fig 3: Effect of alternative zooms on a network diagram. Source: Badros et al, (2001) 

 
However this work is already dated, the W3C have released mobile profiles (World 
Wide Web Consortium (3), 2003) as have Macromedia (Macromedia Inc (1), 2003) 
 

2.11 Workflow 
 
Trippe and Binder (2002) argue that the greatest difference between Flash and SVG is 
workflow. They argue that designers using software such as Adobe Illustrator can 
simply save work as SVG and developers can use a variety of scripting languages 
with which they are already familiar. Neumann and Winter (2002) develop this last 
point by outlining a variety of workflows for SVG beyond exporting from graphics 
software, such as printer drivers, similar to PDF print drivers, where the application 
can ‘print’  to an SVG file. Neumann and Winter (2002) also observe that for 
corrections and additions to an SVG file any text editor is suitable, an option not 
available to the binary format Flash. Whereas to design and develop in Flash it is 
necessary to use Macromedia’s Flash program, which is inflexible and has a steep 
learning curve assert Trippe and Binder (2002). This judgement, it can be argued, is 
harsh as the amount of Flash content on the Internet could be said to contradict this. 
But it does suggest that developers and designers with skills in XML and suitable 
drawing programs will have to do little new learning.  
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2.12 Evaluating SVG and Flash  
 
Apart from Probets et al (2001), no work exists which compares any aspect of Flash 
to SVG. 
 
Rutledge et al (1999) undertake an evaluation of Synchronised Multimedia Integration 
Language (SMIL), which is a W3C recommendation. SMIL (an XML based 
language) can be used to control relationships between multimedia elements, such as 
SVG (Vuorimaa et al, 2002). The evaluation considered scenarios for multimedia 
presentation and attempted to identify weaknesses and propose solutions (extensions 
to SMIL). The discussion by Rutledge et al (1999) does not wholly explain the criteria 
used for the evaluation (it would not be possible to replicate this work). However, 
evaluating applications as a whole, rather than considering isolated features, does 
have real world merit. 
 
Duignan et al (2003) seek to evaluate SVG for software visualisation in a detailed 
study that considers how individual features SVG deal with the specific requirements 
of software visualisation. One deficiency identified is that SVG does not support text 
wrapping, a point developed by Badros et al (2001), this is being addressed in the 
working draft for SVG 1.2 (World Wide Web Consortium (5), 2003). The macro 
approach of Duignan et al (2003) contrasts with the micro approach of Rutledge et al, 
(1999). Both have merit; however it could be argued that both evaluations are limiting 
and that a more complete evaluation should involve a detailed examination of key 
attributes of the technology and an examination in the intended environment. 
 
One aspect of evaluating any application for Internet use is that of response time 
(Nielsen (1), 1994), which is a function of both download time (bandwidth) and client 
side processing resource required by (and available to) the application, which have a 
direct effect on response time. 
 
Card et al (1991) discussing response times suitable for a user interface concluded: 

·  Up to 0.1 sec, the user feels the interface is continuously running. 
·  Up to 1.0 sec, the user remains engaged with the interface. 
·  Up to 10 sec, a user will wait for the interface to render sufficient information 

to permit further interactivity. 
 
Bandwidth, file size and client side resource are significant, as all can affect rendering 
time. 
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2.13 Potential Applications of SVG on the Internet 
 
When considering the benefits of SVG, it is useful to look at some potential 
applications as envisaged in the literature. Trippe and Binder (2002) discuss using 
SVG for an interactive seat booking system at an entertainment venue or on an 
aeroplane. A baseball stadium seating plan could, it is argued, be displayed with 
available seats highlighted according to selected criteria: 
 

·  Proximity to aisles, for accessibility 
·  Availability for daytime fixtures during a specified time window. 
·  Availability of adjacent seats, depending on the size of the party. 

 
To display available seats according to such criteria would, with a bitmap based 
library, be effectively impossible argue Trippe and Binder (2002). Even if it were 
possible, it would require downloading a fresh bitmap for each request. This would be 
too slow for effective interaction with the site, the seating availability, at busy periods 
could be inaccurate, as multiple users of the booking system submit requests. 
To display such images in SVG would require interaction with a database. SVG is 
based on XML which is suitable for data exchange and JavaScript is suitable for client 
side event handling such as mouseover (Neumann and Winter, 2001). This 
emphasises as Cagle (2002) states, the power of SVG is not as a standalone image 
media, but as a language that is designed to work in conjunction with several others 
providing graphically displayed real time information about seating availability 
(Trippe and Binder, 2002). 
 
Another area of application for SVG considered by Watt et al (2002) is that of 
Blueprints and CAD (Computer Aided Design) drawings for building and engineering 
projects. Physical drawings of structures will have ‘paper hyperlinks’  on them to a 
more detailed drawing of that section of the structure. It is reasonable to suggest that 
such a series of plans would lend itself to display and navigation via SVG. If, argue 
Watt et al (2002), the open ASCII interchange format of AutoCAD (the de facto 
standard for CAD) called DXF is used to translate, using an application such as 
CAD2SVG (Savage Software, 2003), CAD drawing files to SVG files1, interactivity 
can be added using JavaScript. With the attributes of Scalability and Interoperability 
discussed earlier this will make design collaboration and distribution mainstream 
(Watt et al, 2002) with updates immediately available to all project team members. 
 
The final main application considered in the literature for SVG is cartographics; the 
combination of GIS (geographic information system) and SVG is very compelling 
(Trippe and Binder, 2002). This is in part due to the explicit use of coordinates in 
SVG to position primitives and objects (Cagle, 2002), Neumann and Winter (2002) 
advocate SVG as a means of displaying high quality web maps, arguing that 
cartographic display on the Internet has until now been bitmap based, with the 
relevant bitmap being created server side at every time the user wishes to alter their 
viewing parameters. However as Christel and Huang (2001) note that large scale 
views can be zoomed client side, that is without referral to the server, thus speeding 
up and enhancing the user experience. A restriction, however, of the current zooming 

                                                
1 This can be done for multiple files using command line instructions. 
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function of SVG is that it does not alter the level of detail (LOD). This is discussed in 
greater depth in the next section.  
 
Certain features of SVG lend themselves to cartographics argue Neumann and Winter 
(2002). SVG elements can be grouped, given a unique identifier, the attributes of 
which can be changed using scripts. Grouping elements can be used client side to 
control attributes of an SVG image, using the g element and given a unique identifier 
(id) tag. A simplified example for illustrative purposes is given in appendix 2. 
 
Maps contain many small symbols which can be repeatedly reused using elements 
such as defs and use. Using defs allows objects to be defined without being rendered 
until called, the call can the be made with use, very quickly it is possible to start 
building an image using objects rather than graphic primitives (Probets et al, 2001) 
(Cagle, 2002). This, assert Neumann and Winter (2002) allows small file sizes and 
such templates allow changes to be efficiently applied. 
 
Neumann and Winter (2002) also discuss sample implementations of interactive 
choroplethe (maps data by classification, then displays graphically). The examples use 
substantial amounts of data. The map shown in figure 4 is 100Kb in SVGZ format 
which unzips to 287Kb, it then runs entirely client side with no further server 
communication. This demonstrates a restriction of SVG noted by Trippe and Binder 
(2002) that there is no way to stream SVG, it is necessary to wait for the entire 
application to be downloaded before there is any display. Watt et al (2002) observe 
that an SVG (rendering device) can place high loads on the CPU, if the image is a 
complex one, and some (older) computers can lock up. 
 
These examples demonstrate the complex feature set of SVG and its role in the 
‘semantic web’  (World Wide Web Consortium (7), 2003) and along with attributes of 
SVG discussed in earlier sections imply a positive outlook for SVG. One of the key 
attributes to emerge from the examples is the emphasis placed on the client side 
processing, this could make the concerns of Watt et al (2002) that lock up of SVG 
based web pages can occur, suggesting that guidelines for developers as to how this 
may be alleviated by methods such as HTML alternatives could be useful. However 
the potential applications discussed in the literature do not include such applications 
as education, games or other entertainment based application, such as an interactive 
quiz, which could combine the former two. This could in part be due to the concerns 
raised in the previous section of (Neumann and Winter, 2001) and also noted by Watt 
et al (2002) that the availability of the source code could allow copyright infringement 
of material and make intellectual property vulnerable. 
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A choroplethe map rendered in SVG. 
 

 
 
Fig 4: A choroplethe map. Source: Neumann and Winter (2002) 
 
These potential applications do all demonstrate that SVG as an XML namespace is 
part of a transparent and open standard, capable of allowing interactive display of 
data, according to multiple parameters, much more quickly than any similar bitmap 
based application. 



J.H.A. Elwin, MSc Multimedia and Interactive Systems, 2004 20 

2.14 Actual Examples of SVG on the Internet 
 
Whilst there is a significant amount of SVG material on the Internet, virtually none of it 
serves any purpose beyond demonstrating features of SVG rather than actually 
imparting information to the user. 
Table 3 below highlights features of some of the more interesting sites concerned with 
SVG. More detailed comments and URLs are given in appendix 3. 
 
Title Comment 
Adobe SVG zone Adobe Systems showcase for SVG. Adobe have heavily 

backed SVG and developed the leading SVG viewer. 
KevLinDev The homepage of Kevin Lindsey, a software developer. Site 

demonstrates how SVG and JavaScript can combine.  
Carto.net Developed to promote the display cartography on the 

Internet 
DBx Geomatics Inc A Canadian cartographic company that recognises the 

potential of SVG. 
National Cancer 
Institute (USA) 

A site displaying interactive mortality charts and graphs, a 
variety of formats including SVG. 

SVG Games Created in November 2003 to promote games developed in 
SVG 

 
Table 3: Summary of selected SVG on the Internet.  
 

2.15 Conclusion to review of literature 
 
Whilst Flash is a mature technology, SVG is a relatively new and rapidly developing 
technology, as such there is not an extensive amount of literature pertaining to it. The 
literature has dated quickly.  
 
At this preliminary stage the literature suggests the following points to be significant: 
 

·  Flash is proprietary and SVG is an open standard. 
·  Flash is an established and mature technology, whereas SVG is unproven in 

widespread use. 
·  Accessibility is an increasingly significant issue. 
·  The trailing position of SVG with respect to plugin distribution is significant. 
·  Current thinking for SVG implementation is primarily in technical areas rather 

than multimedia applications. 
 
Conversely the literature makes partial or total omission in some areas: 
 

·  The fact that SVG could be used for games (for entertainment or education) 
receives limited attention. 

·  No academic work has been done to compare equivalent Flash and SVG 
applications. This and the preceding point will be researched in this project by 
the development of an interactive game of similar design in both Flash and 
SVG format. Evaluation criteria will be developed and the applications 
evaluated. 
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·  No evaluation of leading SVG viewers in the real world. The only evaluation 
is that undertaken by the W3C (World Wide Web Consortium (6), 2003), 
against specific criteria of the SVG standard. Whereas an evaluation of an 
Internet page of SVG content which includes JavaScript might be more 
meaningful. 

·  Limited evaluation of SVG development environments, and where they do 
exist they focus on the drawing tools in the applications (Trippe and Binder, 
(2002) being a example) rather than any ability they may have to support 
JavaScript and other features which provide interaction.  
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3 Design and Development 
 

3.1 General Cr iter ia 
 
Arising from the review of literature and examination of current trends in the use of 
SVG, the intention is to develop a game in Flash, attempt to replicate it in SVG and 
subject the applications to a comparative evaluation. This design and development 
experience and subsequent evaluation will be used to answer the questions posed by 
the project proposal. That is ‘ to what extent SVG is likely to replace Flash as the de 
facto industry standard media for the delivery of vector graphics on the Internet?’  and 
‘what key developments are required to facilitate wider use of SVG?’ 
 
Before considering the design and development of the application, it is useful to 
consider what defines a good application and declare the key criteria against which 
the applications will be evaluated. 
 
3.1.1 A Good Application 

In order to be defined as ‘good’ , certain characteristics should be included in the 
design of a software application. 
These as outlined by Stevens and Pooley (2000) are: 
 

·  Usable, it should actually work, with few or zero faults and have an interface, 
which is accessible to the target user. 

·  Flexible and extensible, software requirements can change and the code 
should be written to allow this with minimal alteration, such as the use of 
defined variables rather than hard coded numbers. 

·  Available, in this context, as the applications are to be deployed on the 
Internet, means considering attributes such as file size. 

·  High cohesion, desirable since low cohesion suggests grouping of unrelated 
activities (van der Poll and Kotze, 2002), so every aspect of a class should be 
directly relevant and related to that class. 

·  Low coupling, this is advantageous as it implies that classes are independent 
of each other (Riel, 1996). 

 
These last two attributes are especially desirable in object-oriented programming 
(OOP) as they allow for the reuse of classes and lend a degree of modularity to the 
application. This enables developers to use classes written by others in their own 
application. As is implied by these comments, the applications will be developed as 
object oriented applications and modelled using the Unified Modelling Language 
(UML). 
 
A further characteristic is accessibility in the context of hardware that it is reasonable 
to expect a user to have access to. Initially the minimum specifications (defined in 
appendix 4) are based on a computer approximately 4 years old. 
 
3.1.2 A Good Website 

As the applications are for use on the Internet, they should be subject to guidelines 
(heuristics) for good website design. Whilst a set of heuristics are to be developed to 
enable evaluation of the applications on the Internet using principles as outlined in 
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Nielsen (2) (1994), Nielsen and Molich (1990) and Calongne (2001). These 
concentrate on keeping memory load low, providing feedback and being consistent. In 
terms of web page interface design this is expressed in attributes such as; quick 
download time, simple easy navigation, ensuring that there are no broken hyperlinks 
and avoiding horizontal scrolling (vertical scrolling is not such a concern). 
 

3.2 Key Cr iter ia 
 
In addition to the general criteria described above the applications will be compared 
against key criteria of: 
 

·  Bandwidth, this, as discussed by Kong and Ghosal (1999) (citing the GVU 
WWW User Survey) who observe that Internet users state that slow download 
time is the primary reason for dissatisfaction with the Internet. Therefore the 
overall file size is arguably the most important attribute of any Internet based 
application. 

·  Speed of client side rendering. Both Flash and SVG are primarily client side 
formats. So whilst bandwidth is considered a very important attribute of any 
Internet application, this is only because of its direct influence on the time 
taken to display the web page or Internet application. 

·  Functionality, do the applications work as intended in their environment? 
·  Accessibility, as discussed in the review of literature, this will include matters 

of availability. Can the user run the applications as intended? If not are there 
appropriate messages provided?  

·  User Experience; is using the applications a satisfying experience, does the 
user have a preference for one format over another? And if so why? 

 
3.3 Methodology 

 
All projects are ultimately constrained by scope, time, cost and quality. The primary 
limiting factor in this project is time, only 2-3 weeks are available in which to produce 
working prototypes, this in turn limits the scope, which is further limited by the fact 
that the applications must be of a sufficient quality to fulfil the criteria listed above. 
Cost is not directly relevant. Whilst the design and development of the applications 
will not be subject to the strict application of a project management methodology, it 
will be broadly based on Rapid Application Development (RAD). In particular the 
project will be characterised by its iterative nature and continuous prototyping. RAD, 
suggest Agarwal et al (2000), also promotes the development of maintainable, 
reusable and extensible software.  
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3.4 Requirements Capture and Specification 
 
The objective here is to define the applications in terms how the games will appear to 
the user and other relevant criteria. 
 
The games have to be sufficiently simple to allow for development within the 
allocated timeframe and to be as similar as possible to allow for a like with like 
comparison of the formats. However they should nevertheless be able to test the 
features of the languages, and expose any limitations. 
 
Some of the features the applications will seek to test are: 
 

·  Display of graphic primitives. 
·  Display of text. 
·  Use of additional effects, such as interactive sound. 
·  The ability of different playing criteria to be set by the user, primarily, ‘ levels 

of difficulty’ . 
·  The ability of the applications to change attributes of elements, such as the 

position of objects over time (animation) and displaying the score of the game. 
·  The ability of the game state to be defined by non-user events, such as 

determining when a game is complete. 
 
In order to complete the development of the two applications within the timeframe, 
the application to be developed in Flash is based on an interactive shooting game2 
developed in that format by myself as part of an earlier project. This would allow 
resource to be focused on the development of the game in SVG, which would require 
a substantial element of new learning and working in an area for which there would 
be limited support. 
 
This initial conceptual design is further expressed in a game scenario in appendix 5, 
which outlines a sequence of game play. 
 
3.4.1 L imitations of the applications 

At this early stage it is evident that the applications will have limitations. It is useful 
to discuss aspects of the formats that will not be tested by the proposed application: 
 

·  The user input will be restricted to mouse actions, there will be no keyboard 
input. This is likely to simplify development, as implementing keystroke 
commands requires bespoke coding in both formats. 

·  The applications are only to be developed for standard computer screens, not 
for mobiles or hand held screens. Whilst SVG does support the use of small 
devices, indeed SVG 1.1 is merely a modularised variation of SVG 1.0 to 
accommodate mobile and tiny profiles (World Wide Web Consortium (3), 
2003). Macromedia have released a player for Pocket PC devices 
(Macromedia Inc (1), 2003). Flash. However developing versions of the 
application for these formats is beyond the scope of this project. It is also the 

                                                
2 This is shooting game where a target crosses the screen, which when clicked on (fired) with the 
mouse increments the score according to what area of the target is hit. The score is displayed; the user 
can select levels of difficulty and can play repeat games. A gamepaly scenario is in appendix 5. 
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case that, as subsets of the full formats, the proof of concept applications 
should be confined to the top level. 

 
3.5 The Flash application 

 
3.5.1 Designing the Flash application 

Designing Flash applications in an object-oriented manner is achieved by modelling 
classes as Flash movie clips. Relevant ActionScript code can be written within the 
movie clip. This allows; provided the classes exhibit high cohesion and low coupling, 
for a high degree of modularity as each movie clip can be treated as a class and 
transferred to another application whilst retaining all its functionality. 
 
As part of the design process candidate classes are identified along with potential 
methods. With reference to Riel’s (1996) heuristic that irrelevant classes should be 
eliminated from the system this was refined to produce an implementation class 
diagram as shown in appendix 6a. 
 
3.5.2 Developing the Flash application 

A key feature of developing an application in Flash is that it is a singular development 
environment. Assets such as sound files or bitmaps are imported into a library and 
then manipulated using Flash’s tools. Once such assets are imported the development 
process is undertaken from within a ‘walled in’  GUI environment with menus and 
right click (Windows) context menus providing appropriate options. Even 
ActionScript (Flash’s scripting language) can be written in ‘normal’  mode, which 
provides an extensive auto complete facility. These aspects, argue Trippe and Binder 
(2002) restricts Flash, as only the feature set within the development application is 
available. However it does bring benefits in that everything the developer undertakes 
within the environment will work and if not an error message will be given.  
 
The game is developed iteratively by implementing the game at its simplest level and 
then implementing further levels of difficulty until the game is complete. This process 
is accompanied by multiple prototyping to ensure that the intended functionality and 
that the application is reliable.  
 
Having modelled an object-oriented application to be built in Flash, it is useful to 
discuss how successful the mapping was. That is, during development, were all the 
classes and methods modelled actually created and were any further features 
required? In the case of the ‘Bullseye’  application in Flash the mapping was 
successful, with all the classes being expressed as Flash library items and the methods 
envisaged for those classes being defined as functions within the classes (or library 
items). This creates classes, which are encapsulated and suitable for reuse in other 
Flash applications. 
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3.6 The SVG application 
 
3.6.1 Designing the SVG application 

A significant factor when designing in a language or format that is relatively new or 
that the designer is unfamiliar with is that although modelling languages such as the 
UML should be at a sufficiently high level that the programming language is not 
pertinent.  
 
3.6.2 Developing the SVG application 

Selecting an environment 
 
In direct contrast to Flash, a key feature of SVG is that its open standard nature means 
that there is a strong likelihood of there being a number of possible development 
environments and viewers. This, as discussed in the review of literature, is indeed the 
case. As a consequence the SVG developer has to decide at an early stage what 
primary development tool(s) are to be used and what plugin(s) will be used for 
prototyping. Because SVG is an XML namespace it is possible to code an SVG 
application in plain text, it was envisaged that in addition to developing graphics there 
would be a need to write JavaScript for the application, a text editor was chosen as the 
primary development environment. Additionally, the review of literature established 
that ASV3 is the prevalent SVG viewer, so to ensure the widest accessibility, the 
application was developed and prototyped for this viewer. Prototyping was also 
carried out on ASV6 the (beta at the time of writing) successor to ASV3. 
 
Creating graphics 
 
Before discussing the development of ‘Bullseye’  in SVG, it is appropriate to consider 
the syntax of SVG with a simple example.  
 
<?xml  ver s i on=" 1. 0"  st andal one=" no" ?> 
  <! DOCTYPE svg PUBLI C " - / / W3C/ / DTD SVG 20010904/ / EN"   
  " ht t p: / / www. w3. or g/ TR/ 2001/ REC- SVG- 20010904/ DTD/ svg10. dt d" > 
<svg wi dt h=" 550"  hei ght =" 400"  v i ewBox=" 0 0 550 400"  
     xml ns=" ht t p: / / www. w3. or g/ 2000/ svg"  
xml ns: x l i nk=" ht t p: / / www. w3. or g/ 1999/ x l i nk" > 
 
  <desc>r ect angl es and a c i r c l e</ desc> 
 
  <def s> 
 
  <r ect  i d=" backgr oundBor der "  x=" 0"  y=" 0"  wi dt h=" 550"  hei ght =" 400"  
   f i l l =" none"  st r oke=" r ed"  st r oke- wi dt h=" 10" / > 
 
  <r ect  i d=" pur pl eRect "  x=" 0"  y=" 0"  wi dt h=" 150"  hei ght =" 80"  
f i l l =" none"  st r oke=" pur pl e"  
  s t r oke- wi dt h=" 30"  / > 
   
  </ def s>  
 
  <! - - Thi s i s  a comment    - - >   
 
  <use x l i nk: hr ef =" #backgr oundBor der " / > 
 
  <r ect  x=" 100"  y=" 220"  wi dt h=" 200"  hei ght =" 100"  f i l l =" gr een"  / > 
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  <ci r c l e i d=" bl ueCi r c l e"  cx=" 450"  cy=" 320"  r =" 50"  st y l e=" f i l l : bl ue"  
/ > 
 
  <use x l i nk: hr ef =" #pur pl eRect "  t r ansf or m=" t r ansl at e( 250 160)  
r ot at e( - 60) " / >  
 
</ svg> 
 
The above SVG code would be graphically expressed as in Fig5. 
 

 
 
Fig 5. A simple SVG image. 
 
The structure of this simple SVG document illustrates the following points: 
 

·  The headers demonstrate that this is an XML document of SVG type using a 
W3C Document Type Definition (DTD), that the DTD contains a date in its 
URL, (20010904) indicates that it is in final form and will not be subject to 
further change, this assists developers; who can be assured that an application 
that references this DTD will always function in a consistent same manner.  

·  The <desc> element can be included to allow browsers without an SVG 
viewer to display information about the graphics and can also be accessed by 
accessibility software as part of the W3C web accessibility initiative (World 
Wide Web Consortium (2), 2003). 

·  The <defs> element (‘defs’  is an abbreviation for ‘definition’ ) is where 
primitive graphics are defined and if required grouped into more complex 
objects. This, observes Cagle (2002), allows for reuse, and elements declared 
within the ‘defs’  element can be considered as classes for object-oriented 
programming. 
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·  The <use> element; elements defined in the ‘defs’  section of an SVG 
document are not rendered until called by the ‘use’  element, which is done by 
referencing the unique ‘ id’  that the developer assigns to the element; 
‘backgroundBorder’  as shown in the code for +figure 5. 

·  The <rect> element; ‘ rect’ , ‘circle’  and ‘path’  are all examples of graphic 
primitive elements that can be defined in SVG and form the building blocks of 
any SVG image. 

·  The transform attribute emphasises the Cartesian nature of SVG. SVG can be 
defined in various measurements such as ‘ in’ , ‘cm’  and ‘px’  which is the 
default (and so used if no unit is defined). Unlike HTML it is not possible to 
position an element with a relative attribute of <centre> or <left>. This 
illustrates one of the key limitations that Badros et al (2001) and Marriot et al 
(2002) sought to address in their constraint based work. However the 
transform attribute is useful for positioning elements, especially those defined 
in the ‘defs’  section as multiple instances of an element can be placed on 
different parts of the ‘viewBox’  (the viewing area). 

 
The above points describe the main components of an SVG image and also 
emphasises the tag text based nature of SVG (as an XML namespace), which Trippe 
and Binder (2002) argue makes SVG attractive to established Internet developers who 
will be familiar with the general syntax. 
 
When developing the ‘Bullseye’  application in SVG, the graphic elements were 
created using similar techniques to that used in the Flash application to preserve the 
design format and ensure that when comparing file size, the rendered image and 
overall functionality, a meaningful comparison was being made. The following 
sections discuss key features of developing ‘Bullseye’  in SVG and comparing the 
process with the Flash equivalent. A fully commented code listing for the SVG 
version of ‘Bullseye’  is given in appendix 7. 
 
Bitmaps 
 
The background to the main gameplay area in both applications is a 30k bitmap 
image. In the Flash application this is imported into the library and placed on the 
‘stage’  (the Flash term for the viewing area). This is embedded in the final swf file, 
whereas in the SVG file it is externally referenced thus: 
 
<i mage x=" 0"  y=" 0"  wi dt h=" 550"  hei ght =" 400"  
x l i nk: hr ef =" backgr ound. j pg" / > 
 
This means that already 2 files are required to do in SVG what 1 can do in Flash, 
however it is noted that the aggregate application size for each format only increased 
by 30k. Probets et al (2001) argue that if the same image is used in multiple swf 
applications each instance of the same image will be embedded and require 
downloading whereas in a similar scenario in SVG the bitmap is likely to be cached 
thus reducing download time. However it can be argued that such circumstances are 
not especially common and that therefore the point is not significant. A screenshot of 
the gameplay area is shown in appendix 8. 
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Text 
 
The text for the game instructions is inserted in Flash using simple word processing 
type tools, within this environment text can be selected in blocks (of whole 
paragraphs or parts thereof) and properties applied. Displaying text in SVG is more 
complicated, a point demonstrated by the code in figure 6. required to display the 
following 2 lines:  
 

Welcome to Bullseye!! 
Please select your level of difficulty, this will set 

 
Fig 6: Text in SVG. 

 
requires the following code: 
  
<t ext  i d=" i nst r uct i ons"  x=" 275px"  y=" 70px"  st y l e=" f i l l : r gb( 0, 0, 255) "  
f ont - s i ze: 24 t ext - anchor =" mi ddl e" > 
<t span> 
Wel come t o <t span st y l e=" f i l l : r gb( 255, 0, 0) " > 
 Bul l seye! !  
</ t span> 
</ t span> 
<t span x=" 275"  dy=" 1em" > 
Pl ease sel ect  your  l evel  of  di f f i cul t y ,  t hi s  wi l l  set  ( and so on)  
</ t span> 
</ t ext > 
 
This complexity of code illustrates the point made by Duignan et al (2003) that text 
wrapping is not supported, this in part emphasises the previous limitations discussed 
that SVG is a coordinate based system. It is recognition of this that there are 
substantial enhancements to text handling in the working draft of SVG 1.2 (World 
Wide Web Consortium (5), 2003). However the ASV6 viewer, which Adobe (Adobe 
Systems, 2003) assert support all the main features of SVG 1.2 does not render the 
simple examples given by the World Wide Web consortium. This demonstrates a 
limitation of open standard development, that despite the advantages put forward by 
Neumann and Winter (2002) and Cagle (2002) in the review of literature, flawed 
software will enter the public domain where it can undermine confidence in a 
technology. The development of the simple text required for the SVG ‘Bullseye’  
application is, once the technique is understood, straightforward, but time consuming 
if done with a text editor. Whereas, in Flash, the task is intuitive and flexible. That 
fact that the task may be simpler in SVG with an authoring programme is considered 
in the next chapter. 
A screenshot of the introduction screen showing text display is in appendix 8. 
 
Shapes and styles 
 
SVG as primarily a graphics format supports graphical shapes well (Duignan et al, 
2003), the following code demonstrates how a shape is defined and positioned in 
SVG. This can have an attribute (such as ‘ fill’ ) applied, which is normally defined in 
the ‘defs’  section where it can be reused. 
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    <el l i pse cx=" 100"  cy=" 358"  r x=" 60"  r y=" 20"  f i l l =" bl ue" > 
    <set  at t r i but eName=" f i l l "  t o=" ur l ( #whi t e- bl ue- whi t e) "  
begi n=" onl oad" / >     
SVG supports a number of effects; the following code applies an effect to the ellipse 
defined above to produce the effect in Fig 7. 
 
<l i near Gr adi ent  i d=" whi t e- bl ue- whi t e"  x1=" 0%"  y1=" 0%"  x2=" 100%"  
y2=" 0%"  
   spr eadMet hod=" pad"  
gr adi ent Uni t s=" obj ect Boundi ngBox" > 
   <st op of f set =" 0%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
   <st op of f set =" 50%"  st y l e=" st op-
col or : r gb( 0, 0, 255) ; st op- opaci t y : 1" / > 
   <st op of f set =" 100%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
</ l i near Gr adi ent > 
 
 

 
 

Fig 7: A linear gradient in SVG. 
 
This example also demonstrates that SVG supports opacity. Producing these effects in 
Flash is again a straightforward matter, whereas in SVG the code whilst fairly simple 
is time consuming to enter into a text editor. However the text based nature of SVG 
means that developers using a text editor can copy and paste similar code and modify 
for the application under development. This does still require an understanding of the 
functionality of the code that a Flash developer would not need. 
 
Simple animation 
 
Animation can be undertaken in SVG by changing attributes, the code below shows 
the changing of coordinates, but the attribute could be visibility or opacity, the Flash 
equivalent is called ‘ tweening’  which is conceptually similar in that a begin and end 
point are defined and the application moves from one to the other. 
 
<def s> 
<g i d=" t ar get "  > 
<ci r c l e cx=" 0"  cy=" 0"  r =" 38"  st y l e=" f i l l : bl ue"  / > 
<ci r c l e cx=" 0"  cy=" 0"  r =" 25"  st y l e=" f i l l : whi t e" / > 
<ci r c l e  cx=" 0"  cy=" 0"  r =" 14"  st y l e=" f i l l : r ed" / > 
</ g> 
</ def s> 
 
<g i d=" moveTar get " > 
<use x l i nk: hr ef =" #t ar get " / > 
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<ani mat eTr ansf or m at t r i but eName=" t r ansf or m"  t ype=" t r ansl at e"   
  at t r i but eType=" XML"  begi n=" 0s"  end=" 7s"  r epeat Count =" i ndef i ni t e"   
  f r om=" -  20, 100"  t o=" 520, 100"   > 
</ ani mat eTr ansf or m> 
</ g> 
 
Adding interaction 
 
Whilst there are differences in developing static graphics and simple animations in 
Flash and SVG the formats do not show their strengths and limitations until 
interactivity is included. SVG supports mouse event handlers such as: 
 
begi n=" mouseover "  end=" mouseout "  
 
which could be inserted into the above code to produce trivial interactivity, key stroke 
event handlers are also supported, but are more complex. As has been demonstrated 
SVG supports xlink, a language for defining links it is implicitly defined in the DTD 
(Cagle, 2002). This can be employed to link to Internet resources thus: 
 
<a x l i nk: hr ef =" ht t p: / / www. googl e. co. uk" > 
    <c i r c l e cx=" 100"  cy=100 r =" 25"  f i l l =" r ed"  / ></ a> 

This simple interactivity in SVG can be used to hyperlink out of the application or to 
create simple state changes, rollover effects and motion, however to fully exploit SVG 
it is necessary to manipulate the Document Object Model (DOM) using script. An 
example of this is the ‘ traverse’  function from the SVG code for ‘Bullseye’  in 
appendix 7. The SVG specification does not specify a scripting language, but as 
Duignan et al (2003) note, ECMAscript (a JavaScript variation) is the most popular 
and it is used to develop ‘Bullseye’ . It is the scripting in the SVG application that 
controls aspects such as setting the levels of difficulty, displaying the score, 
monitoring the game state (to decide when the game is complete) and stopping the 
game.  
 
Specific points of interest in developing the SVG application: 
 

·  The only input device required to play ‘Bullseye’  is the mouse, represented on 
screen by the cursor, which is one of the most critical pieces of information 
you can provide to a user (Cagle, 2002). The model for ‘Bullseye’  requires 
replacing the cursor with a crosshair, in Flash this is achieved with the 
ActionScript code: 
 
/ / hi de cur sor  
  Mouse. hi de( ) ;  
/ / r epl ace cur sor  wi t h cust om cur sor  
  _r oot [ "myCur sor "] _. x = r oot . xmouse;  
  _r oot [ "myCur sor "] . _x = r oot . ymouse;  
 
 
Achieving a similar outcome in SVG requires approximately 80 lines of code. 
This is in part due to the fact that ASV3 does not support the SVG (cursor 
modification has been in the SVG standard since 1.0) standard pertaining to 
cursors (Cagle, 2002).  
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·  In relation to the last point ASV6 does support SVG cursor modification, 
therefore ‘Bullseye’  contains code to replace the cursor with a 5px by 5px 
transparent PNG. However the standard cursor is visible at all times when 
viewing with ASV3. This may be seen as a significant impediment to 
usability and whilst ASV3 remains the most common SVG viewer, this may 
prove to be a disincentive to developers to use SVG, especially when Flash 
offers a straightforward and effective solution. 

·  In developing the SVG application a number of difficulties were encountered 
in tracking the game state in order to end the game (which occurs when no 
targets are left) in Flash this is achieved by: 

 
  i f ( _r oot . t ar get sLef t ==0  {        / / when al l  t ar get s t r aver sed  
  _r oot . got oAndPl ay( "f i r s t Scene") ;  
  }  
 
 
SVG does not use the ‘scene’  and ‘ frame’  device that Flash does, the SVG 
(and XML) nearest equivalent being the DOM. Ending the game was 
eventually solved by grouping all the elements of the introduction screen 
together (with the id “ intro”  and placing them in the DOM such that the group 
was rendered on top of all the other elements then controlling the visibility of 
the introduction to reveal (or not) the elements behind it. 

·  Including sound in the Flash application is trivial as sound files can be placed 
in the Flash library and deployed by various means; the final swf embeds the 
sound in Mp3 format. Whilst sound for SVG is in the SVG 1.2 proposal it is 
not yet supported. As the model for ‘Bullseye’  requires interactive sound, use 
is made of the Adobe namespaces to enable the ASV3 support for sound. This 
illustrates another aspect of open standard development; the existence of a 
declared standard does not oblige developers to adhere to it. Whilst this can 
encourage innovation, it can inhibit accessibility by requiring a user to have a 
particular application (in this case ASV3). This point will be developed in the 
Evaluation chapter. 

 
Using the techniques discussed both games were developed to be as similar as 
possible in overall functionality as possible to each other. The development was 
undertaken with the Flash application as the control and the SVG application seeking 
to emulate it. 
 
When I began to develop the Flash application I understood how to create basic 
graphics and limited interaction, but had no knowledge of more advanced scripting. 
SVG was a technology with which I was not familiar and so spent some time learning 
SVG to the stage where understanding of both environments was similar. The Flash 
application took 3 days to implement once modelled, whereas the SVG application 
took approximately 3 times as long. These figures are approximations and have been 
reduced to take account of new learning. This difference is contrary to Trippe and 
Binder’s (2002) assertion that authoring SVG is easy. With experience this 
development time would be significantly reduced and as is concluded in the 
consideration of workflow in the review of literature, knowledge of XML would be 
beneficial to developers. 
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3.6.3 Mapping the SVG application 
 
Mapping the SVG application presents more problems than is the case with Flash, 
where library items can contain all the functionality of the modelled class. In SVG, as 
Cagle (2002) observes, elements can be contained within the ‘defs’  section (the 
library in Flash terms) and within that, elements can be grouped using the <g> tag as 
classes. However current practice is to place any script driven interactivity at the 
beginning of the SVG file or in a separate JavaScript library (as used in the ‘Bullseye’  
application). This would complicate matters for the developer seeking to reuse 
components, as there would be a requirement to isolate code pertaining to a class, as it 
would not necessarily be adjacent to the code for the SVG elements of the class. This 
problem can be overcome by placing the relevant script within the ‘g’  element. As a 
proof of concept this was tested and found to work, an example of an encapsulated 
SVG class is given in appendix 9. Ultimately this approach is limiting and as is 
discussed in the next section, manipulating the DOM might be a preferable approach 
to defining classes. Lewis et al (2003) have been developing the idea of an open 
source SVG programmer’s application resource kit, which they describe: 
 

‘a framework for reusable, SVG-based GUI components………..made using 
SVG and associated standards such as EMCAScript, CSS and XSLT. 
Generally, component reuse depends on standardizing APIs and conventions 
through which a component communicates with an application.’  
 

Lewis et al (2003) envisage components defined without styling in separate 
JavaScript files, which are used to generate instances of components each with a 
unique id tag, these can then have a CSS applied. However as Monnet and Shellman 
(2003) observe such projects to enable code reuse can reduce development time only 
if they are well supported and of high quality. 
 
The resultant mapping of the SVG application to the control Flash model is, to a high 
degree, successful, no changes to the classes have been made and only limited 
changes to the message passing and variables are made. The implementation class 
models can be compared in appendix 6a and 6b. It is a feature of the applications that 
as a result of the similar mapping much of the code is, in principle, very similar. This 
is important, as one of the key aims of the project is to undertake an evaluation of the 
two formats, if the applications are similar in design and execution then any 
evaluation is more likely to succeed. 
 

3.7 L imitations of the applications 
 
Both applications were intended be fully extensible, with respect to proper use of 
variables to assist in redefining parameters such as speed of the target traversing the 
game play area, this is the case. A key limitation of both applications arises, in part, 
from the way they are modelled. The original scenario only envisaged one target on 
the screen at a time. This lead to both applications being developed using only one 
instance of a ‘ target’  object, which traverses the screen according to parameters set by 
the level of difficulty. 
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It is now recognised that in Flash code of the generic form: 
 
at t achMovi e( " movi eCl i pName" ,  " NewMovi eCl i pName" ) ;  
 
and more specifically:  
 
at t achMovi e( " t ar get " ,  " t ar get " +n, ) ;   
 
where ‘n’  is the ‘nth’  instance of the object. 
This enables multiple instances of the target on the screen at one time, significantly 
enhancing the extensibility of the game. 
In the SVG application, a similar outcome might have been achieved had JavaScript 
been used to create instances of a class by manipulating the DOM as Neumann and 
Winter (2002) argue is desirable. Appendix 10 demonstrates the SVG code required 
to create multiple instances of an object in this manner. This is a significantly more 
extensible method of instantiating instances of objects and would be a prerequisite in 
a more complex game. 
 
Riel (1996) argues against the use of a God class, suggesting that it leads to poor 
encapsulation because it ‘attempts to capture the central control mechanism so 
prevalent in the action-oriented paradigm’  (p32). It can be argued that the ‘Bullseye’  
applications breach this heuristic with the ‘gamesWorld’  class. However whilst it is 
the case that some classes contain primarily behaviour and get their data from the God 
class, it can lend clarity to a model and the developed application to have a class that 
sets global variables (especially in a game, which has multiple levels of difficulty) and 
controls the application status. 
 

3.8 Application size 
 
The developed Flash application consists of one .swf file of 55Kb, whereas the SVG 
application consists of 7 files3 totalling 81Kb. However this is not a true like for like 
comparison. For a true comparison it must be recognised that the sound files are in a 
Windows .wav format. Flash compiles these sounds as MP3, ASV3 also supports 
MP3 and to reduce the files in the SVG application to MP3 would save approximately 
15Kb. Furthermore the all SVG standards (World Wide Web Consortium (1), 2003) 
support ‘gzip’  compression, if the JavaScript library was placed within the SVG file 
and compressed, this would save a further 10Kb overall (this was not done for reasons 
of simplicity). This would result in an SVG application that is only 1Kb larger than its 
Flash equivalent. 
 

3.9 Conclusion to Design and Development 
 
The developed applications conform to the requirements capture and specifications 
discussed earlier and as such are suitable to test the omissions revealed by the review 
of literature. 
 
The following sections focus on the evaluation of SVG resources and the evaluation 
of the applications.  

                                                
3 An SVG file, a JS library, a transparent image for cursor support, a background bitmap image and 3 
sound files. 
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4 Evaluation 
 

4.1 Evaluation of applications 
 
In order to ensure an effective evaluation of the applications, it is necessary to decide 
on a methodology and the criteria for applying that methodology. This ensures that 
each application is similarly evaluated and that the results of the evaluation are valid. 
 

4.2 IMPACT 
 
The methods to be used in a usability evaluation can be encapsulated in the acronym 
IMPACT (Turner, in press), before deciding on what evaluation methodologies are to 
be used it is necessary to define the parameters of the evaluation.  
 
Intention: this seeks to establish the nature of the data by considering the questions to 
be answered by the evaluation. In this context they are the questions posed by the 
original proposal. 
 

·  Does SVG have sufficient advantages over Flash; with respect to bandwidth, 
client side rendering, usability of interactive features and other key attributes 
which research may elicit to enable it to become the primary means of vector 
graphic delivery on the Internet? 

·  What key developments are required to facilitate wider use of SVG? 
 
It is primarily the 1st question that will be addressed by the evaluation; the 2nd question 
will be addressed in the discussion following the evaluation. It is necessary to be aware 
that the entertainment value of the applications is not being assessed.  
 
Metr ics: this develops the intention into the qualitative and quantitative output of the 
evaluation and should be considered with respect to the overall aims.  
 

·  Bandwidth and file size are significant as they are directly related to download 
time. Download time is recognised as a key criterion in section 3.2. 

·  Client side rendering is also related to download time as well as the 
specification of the computer and the format being used. It is important to 
recognise that the rendering process is dynamic. Not only is the time taken to 
display the applications initial screen to be evaluated, but also the quality of 
the rendering as the applications are run. In the case of ‘Bullseye’  this may be 
affected by the as the applications speeding up as the user progresses through 
the levels of difficulty. 

·  Primary criteria for the usability of interactive features include client side 
rendering (do the applications keep up with the user input?). This means it 
should be ‘usable’  as discussed in section 3.1.1. Additionally both applications 
have been designed to support interactive mouse, sound, image and text based 
features (the latter two both static and dynamic). 

 
People: in order that any user testing can be undertaken using users from the target 
group for which the application is designed it is necessary to define the main 
characteristics of the target group(s). For this evaluation users of ‘Bullseye’  are 
considered to be comfortable using the Internet in a Windows type environment and 
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have previously downloaded small applications. No other demographic information is 
relevant. 
 
Activities: defined as the typical activities that a user might undertake when using the 
application and are pertinent to defining a scenario that may be used in an evaluation. 
In this evaluation the activities are playing the game at all levels of difficulty. 
 
Context: these activities may be carried out at work/school or home in an 
environment that is likely to have both audio and visual distractions. Normally it 
would be expected that the user undertook this as an individual, but it could also be a 
group activity with the user interacting with other users as well as the computer. 
 
Technologies: this will be any computer complying with appendix 4 (revised). The 
computer will probably be static, but could a wireless networked laptop. The Internet 
connection type (modem or broadband) is relevant to download times. 
 

4.3 Evaluation methods 
 
The methods used must take into account the IMPACT analysis and the resources 
available to find the usability and format related problems in the application design. 
When considering options for expert review, one possibility is a cognitive 
walkthrough, but as the example demonstrated by Blackmon et al (2002) shows, this 
method can be complex and resource intense. Guideline based evaluation is useful for 
identifying recurring problems, but can miss severe problems and is resource heavy, 
whereas heuristic evaluation is a suitable method for finding both major and minor 
usability problems in a user interface and requires relatively little resource (Jeffries et 
al, 1991) especially in terms of the number of evaluators required (Nielsen and 
Molich, 1990). A combination of user evaluation and expert heuristic evaluation is 
considered optimal, while user evaluation may reveal problems in using the 
application, heuristic testing may help identify the cause of the problem and so 
suggest a possible solution (Doubleday et al, 1997). Furthermore user testing can 
reveal that some problems identified by experts are in fact trivial (Turner, in press). 
 
However an expert and user evaluation will not fully address all the elements 
identified in the ‘ intention’  and developed in the ‘metrics’  section above, specifically 
bandwidth and the specification of the computer being used. In order to assess how 
the applications perform on a variety of platforms an evaluation website was 
developed. This encourages users in the wider Internet community to use the 
applications and via an online form return information for analysis. 
 

4.4 Expert Evaluation 
 
Initial steps in conducting an expert evaluation are to develop heuristics against which 
to judge the applications and create a suitable scenario of use, the evaluators can then 
work through the scenario and test for breaches of the heuristics. As a baseline for the 
heuristics, the set defined by Nielsen and Molich (1990) have been used. It is 
important to recognise that these heuristics whilst focussing on usability do so by 
primarily addressing the interface design. The intention and metrics of the IMPACT 
analysis reveals that whilst the evaluation is considering the usability of the 
applications, it is doing so by assessing more than just the interface design. It is 
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necessary to modify the heuristics to evaluate the download time, speed of client side 
rendering and the overall ability of the formats to respond to user inputs correctly. 
The heuristics developed (appendix 11) reflect this and consider both the 
effectiveness of the formats as well as the interface design. This latter point should 
ensure that any identified limitations are able to be isolated as a feature of the format 
rather than a problem with the interface design. 
 
4.4.1 Analysis 

 
Three evaluators with usability evaluation training conducted the evaluation, they 
were asked to use computers that complied with the revised specifications in appendix 
4. This was an attempt to ensure that deficiencies in the format language were the 
focus of this stage of the evaluation as any problems related to resource requirement 
would be identified in the Internet based evaluation. The key results of the evaluation 
are summarised thus: 

 
·  The layout and interfaces of the applications contain no significant breaches of 

heuristics 5 to 9 which related to the interface design differences, this is 
important as it confirms that both applications are suitable for a comparative 
evaluation by non-expert users. 

·  Evaluators observed that the rollover buttons to select the level of difficulty on 
the initial screen (appendix 9), whilst displaying the conventional finger to 
imply that they performed an action, only worked when clicked off the text 
area of the button. This is a breach of heuristic 3, that the application should 
respond correctly. 

·  Evaluators also noted that the crosshair (which tracks the mouse cursor) 
disappeared behind the target when the cursor is moved over the target, so at 
the instant the user clicked the mouse to fire, they could not be sure precisely 
where the crosshair was aimed. This is a breach of heuristic 4, that the user 
should remain in control. On a related matter it was observed that the flash 
effect created when the crosshair was fired was not visible if the target was hit, 
as it was also hidden behind the target in similar circumstances.  

 
The problem with the rollover buttons is considered to be a bug. As far as can be 
ascertained the code used is valid SVG and so should provide the functionality 
intended. That such usability problems appear not to have been identified before 
underlines that SVG is in some respects an immature technology. 
The second problem is related to the rendering model, it is a feature of all current 
SVG standards (World Wide Web Consortium (1), 2003) that objects are painted in 
the order of listing in the file (outwith the defs section). The DOM (appendix 6c) 
further clarifies the order of painting. However if objects are rearranged within the 
DOM so that the crosshair and Flash (the SVG flash when the crosshair is fired) 
objects render in the correct order, no hit is recorded if the crosshair is fired over the 
target. Mong and Brailsford (2003) observe the difficulties that occur from the 
painting order being determined from the ordering of the content stream and note the 
proposal in SVG 1.2 to introduce the concept of a ‘z-index’  to alleviate this. This 
would mean that objects can have their painting order determined explicitly without 
affecting their relationship to each other in the DOM. However at the time of writing 
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the current working draft for SVG 1.2 (World Wide Web Consortium (5), 2003) 
states: 
 

‘Previous drafts of SVG 1.2 mentioned the possibility of a ‘z-index’  property 
to allow separation of document order from drawing order. After long 
consultations with implementers and content developers, the SVG Working 
Group has decided not to add the feature.’  
 

They (World Wide Web Consortium (5), 2003) continue: 
 

‘ It is possible to simulate ‘z-index’  at the moment either using SMIL 
animation and multiple use elements, or through scripting (moving an element 
toward the end of the document). However, both can place restrictions on 
document structure, and have limitations due to property inheritance.’  

 
The W3C are not transparent as to why they are not implementing this previously 
recommended feature, however it will prove a limitation to developers not to have this 
feature in SVG 1.2. Furthermore the workarounds suggested (multiple use elements) 
complicate the development process and might prove too demanding for an 
inexperienced developer. These workarounds were contemplated during the 
development of ‘Bullseye’ . Nevertheless it was considered that having 2 crosshairs 
following the mouse cursor would use extra computing resource, which on lower 
powered computers, due to lags, could create the impression of 2 crosshairs on the 
screen at once. It was considered that this would create greater usability problems 
than 1 crosshair, which ‘disappears’  behind the target. 
 

4.5 User  Evaluation 
 
The user evaluation develops the expert evaluation, establishes if the expert findings 
are valid (some findings may be trivial in the real world) and uncovers problems that 
may have been missed by the experts. Detailed guidelines for the conduct of the user 
evaluation are given in appendix 12, but the key criteria and objectives are: 
 

·  To carry out an observed evaluation of the applications in a context defined 
by the IMPACT analysis. 

·  To assess objectively (as opposed to the subjective Internet based evaluation) 
how users compared the 2 applications and how they reacted to any problems 

·  If resources permit some evaluation will be conducted on computers where no 
SVG viewer is installed, where Adobe SVG viewer version 2 (ASV2) is 
installed and where ASV3 or ASV6 are installed. This will enable the reaction 
to the different situations to be fully assessed. 

 
Developing the last 2 points; the Internet based evaluation reveals a number of users 
who were not aware of what SVG viewer they had (or knew they had ASV2). These 
users complained of many unhelpful error messages and an inability to use the 
application. The idea of asking users to play ‘Bullseye’  in SVG on computers with 
ASV2 is to clarify the exact nature of these anecdotal usability problems.  
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4.5.1 Analysis 

 
The evaluation was undertaken using 4 volunteers who complied with the ‘people’  
requirement in the IMPACT analysis. 
 
The most striking feature of this evaluation was the reaction of those users who were 
asked to play ‘Bullseye’ , in SVG, on a computer with ASV2 installed. Users were 
confronted with error messages (given in detail in appendix 13) and, in practice, 
found the application unusable. Whereas, when playing the Flash application the 
response was simply ‘ it worked’ . Those users invited to play ‘Bullseye’  in SVG on 
computers with ASV3 or ASV6 installed found the comparison much less noticeable. 
They did observe the usability problems that arose during the expert evaluation, but 
found them slightly less significant that the expert evaluation suggested. One user 
commented that the crosshair behaviour in the SVG application was alleviated by the 
inclusion of different sound effects depending on whether the target was hit or missed.  
 
Overall the user evaluation did not add any new findings to the evaluation process, 
but it did support the findings related to ASV2 in the Internet based evaluations and 
confirm the findings of the expert evaluation. Therefore it did serve a useful 
verification purpose. 
 

4.6 Internet based Evaluation 
 
As already discussed, in order to address the matter of how interactive SVG 
applications perform relative to Flash on the Internet, a web based evaluation was 
developed. This consisted of a site, which encouraged visitors to play ‘Bullseye’  in 
both formats and fill in a simple web based form, the results of which were 
automatically emailed for collation and analysis.  
 
4.6.1 Site Development 

 
A requirement of developing the site was the need to integrate the applications in to 
HTML pages, in Flash this is achieved by publishing the application with the 
appropriate check boxes ticked. This simple procedure produces an SWF file and an 
associated HTML file, which links to the SWF file. No understanding of coding in 
Flash or HTML is required. This is in contrast to SVG where the developer 
attempting to integrate an SVG application into an HTML page is presented with a 
choice. Should the application be integrated using the HTML <object> tag or the 
<embed> tag? The former is strict HTML whereas the latter is not part of any HTML 
specification. In practice, as Neumann and Winter (2003) observe and as Adobe 
Systems (2003) request of developers, it is necessary to use the non standardised 
<embed> tag. This introduces a complication for developers, as the de jure <object> 
tag will cause errors in some browsers, especially if the SVG application contains 
scripting (Neumann and Winter, 2003). The <embed> tag was used for the evaluation 
website. However in the ‘Bullseye’  website the <embed> tag does not give error 
messages if there is no SVG viewer installed. Therefore a page to help visitors 
establish if the had an SVG viewer and offer alternative courses of action was added. 
The consequences of the requirement to use the <embed> tag is not trivial. It is 
reasonable to suggest that visitors, who have no SVG viewer, require prompt and 
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succinct information as to why they cannot see anything and should then be given 
sufficient information to download a viewer. That they do not is a significant 
impediment to the wider promulgation of SVG.  
 
As a precursor to publicising the website to potential evaluators, an expert evaluation 
was conducted. The objective of this evaluation was to ensure that the website 
interface was usable according to heuristics based on Nielsen and Molich’s (1990) 
guidelines and that the website was suitable for its purpose as discussed in section 
3.1.2. The detailed guidelines to evaluators, heuristics, scenario and the URL are in 
appendix 14. The evaluation conducted by 3 evaluators with usability design training 
revealed some problems. The most significant was that the evaluation form opened in 
the same frame as the Flash and SVG applications, so if the user returned to an 
application whilst completing the form, it was empty when the user returned to it. The 
solution was to make the form open in a new window. 
 
4.6.2 Analysis 

 
With reference to the ‘people’  section of the impact analysis a request to take part in 
the evaluation was circulated to 2 primary groups: 

 
·  General users of the Internet via email lists related to non-computing interests 

known to myself, such users might have little or no knowledge of SVG. As 
such they are representative of those who need to be persuaded to download 
an SVG viewer if they do not already have one. 

·  An SVG developer’s forum4, where it can be expected that all users have an 
SVG viewer and an interest and some understanding of SVG. Such users 
might be able to give insightful opinions into the 2 formats. 

 
The website was constructed to ensure that replies from the 2 groups could be isolated 
for analysis. The form that users were invited to complete consisted of a series of 
radio buttons relating to the specification of the platform they were using and 
opportunities to comment on how they felt aspects of the applications compared to 
each other. 

                                                
4 SVG Developers forum at http://groups.yahoo.com/group/svg-developers/  
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Results of the Internet based evaluation: 
(fields with zero returns are omitted) 
 
 
Selection  

 
General 

users 

SVG 
developers 

forum 

 
Total 

OS:    
Windows 13 14 27 
Macintosh 1  1 
Internet connection:    
Broadband 8 12 20 
Modem 3 2 5 
Browser :    
I.E 5.5 or greater 8 10 18 
I.E 5 or less 1 3 4 
Other 2 1 3 
SVG viewer :    
ASV6 1 1 2 
ASV3 4 12 16 
ASV2 3  3 
None/Not sure 4  4 
Flash Player :    
7 5 5 10 
6 3 3 6 
5 1  1 
Not sure 2 6 8 
Flash download speed:    
Poor    
Satisfactory 4 2 6 
Good 6 8 14 
Graphics quality:    
Satisfactory: Yes 5 5 10 
Satisfactory: No 1 3 4 
SVG download speed:    
Poor  1 1 
Satisfactory 5 4 9 
Good 1 6 7 
Graphics quality:    
Satisfactory: Yes 3 7 10 
Satisfactory: No  3 3 
Prefer red format:    
Flash 7 7 14 
SVG 1 4 5 
Not sure  2 2 
 
Table 4: Summary of Internet based evaluation.  
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Key points of note arising from Table 4 are: 
 

·  SVG developers are all using ASV3 or ASV6 and so were able to operate 
‘Bullseye’  in SVG. This is in contrast to the majority of general users who did 
not know what SVG viewer they had (judging by the nature of comments 
relating to error messages they very probably has ASV2), and were unable to 
operate the application.  

·  In contrast to the previous point, one user who had Flash player 5 (on a 
Windows platform) was automatically informed that he required5 Flash player 
6. He was also offered an automatic download and install of this version. 

·  For both formats nearly all users found the download times at least 
satisfactory, however more users stated that Flash was good in this respect, 
with some users saying that Flash was quicker to load.  

·  For both formats a significantly higher proportion of general users found the 
graphics satisfactory, suggesting that users may be less critical than 
developers. But overall a majority of both groups found both formats 
satisfactory, with Flash being preferred overall, with some users suggesting it 
was smoother in operation. 

 
Users also commented that in the SVG game, the rollover buttons for selecting the 
level of difficulty only worked when the cursor was over the graphical part of the 
button and not the text part. They noted that the ‘ flash’  when the crosshair was fired 
went behind the target rather than in front as might be expected. These points have 
been discussed earlier in the evaluation of applications, but the fact that the wider 
Internet community noticed them emphasises their significance. 
 
The reason why some users felt that Flash was quicker to load could be due to the 
increased processing resource required by SVG viewers (as discussed in the review of 
literature), despite the fact that the average processing power of the platforms was 
more than 1Gb with at least 512Mb ram.  
One possible explanation for the Flash game being thought smoother by some users is 
that the natural progress of the Internet evaluation is to play ‘Bullseye’  in Flash first 
then in SVG. However it is possible that the operation of the second plugin is 
hampered by the first6, if this is the case the results might be more evenly balanced. 
 
4.6.3 Conclusion 

 
The Internet based evaluation implies that virtually all SVG viewing on the Internet is 
done with Adobe viewers. As discussed in the ‘Evaluation of SVG plugins’  section, 
this suggests that Adobe SVG viewers are the de facto standard, however a number of 
users have no SVG viewer or (most probably) ASV2 and in both situations do not get 
clear error messages explaining what their alternative courses of action are. 
SVG was thought by a minority of users to have slightly smoother graphics; these 
users were primarily from the SVG developer’s forum and might be considered biased 
in that judgement. However all the users who thought SVG to be smoother had high-
powered computers (>2MHz CPU and at least 256Mb RAM), suggesting that whilst 
the platform specifications (given in appendix 4) established at the outset of the 

                                                
5 Bullseye in Flash contains certain features that can only be rendered by Flash player 6 or greater. 
6 I am grateful to Andre Winter for this observation. 
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design and development stage of the project were satisfactory for the Flash 
application, they were inadequate for the SVG application. Consequently, based on 
the feedback from the evaluation the baseline specification for the SVG application 
was increased (appendix 4) by an approximate factor of 2. This suggests that Flash is 
a more accessible format for delivering interactive vector graphics over the Internet 
than SVG.   
Notwithstanding that some users preferred SVG, the most significant conclusion from 
the Internet based evaluation is that SVG is an inferior format to Flash for delivering 
interactive multimedia material over the Internet.  
 

4.7 Evaluation of SVG resources 
 
As a result of developing an interactive application in SVG, it is clear that whilst a 
usability evaluation of the attributes in the 1st research question will provide an 
answer to that question. The 2nd research question is unlikely to be wholly answered 
by this usability evaluation. In order to fully address the 2nd question it is apparent 
from the development experience that an evaluation of current leading SVG authoring 
applications is necessary. This arises because the Flash application was developed 
using the graphical user interface (GUI) Macromedia application, whereas the SVG 
application was developed using a text editor. It is reasonable to examine whether the 
difficulties and complexities discussed in developing the SVG version of ‘Bullseye’  
are in part due to the development environment. The outcome of such an evaluation 
may provide guidance as to what developments are required to facilitate wider use of 
SVG. 
 
In addition to evaluating SVG authoring applications, it is considered appropriate to 
conduct an evaluation of SVG viewer plugins. The review of literature demonstrated 
that there is variation in the ability of SVG viewers to implement certain features of 
the SVG specification and during the development of ‘Bullseye’  all prototyping was 
undertaken using ASV3 and to a lesser extent ASV6. Indeed Adobe specific 
namespaces were called:  
 

xml ns: a3=" ht t p: / / ns. adobe. com/ AdobeSVGVi ewer Ext ensi ons/ 3. 0/ "  
a3: scr i pt I mpl ement at i on=" Adobe"  
xml ns: a=" ht t p: / / www. adobe. com/ svg10- ext ensi ons"  

 a: t i mel i ne=" i ndependent "  
 
These permit the use of features such as sound.  
 
The evaluation discussed in the review of literature was conducted by the W3C 
(World Wide Web Consortium (6), 2003) and is confined to how viewers render a 
specific suite of SVG features, but it does not examine how viewers deal with features 
such as scripting. A potentially more significant problem is how viewers deal with 
error situations; in particular do they comply with Nielsen and Molich’s (1990) 8th 
heuristic and provide a useful error message? As with an evaluation of development 
environments, the outcome may provide guidance as to any developments that are 
required to facilitate wider use of SVG. 
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4.8 Evaluation of SVG development applications 
 
In order to properly evaluate development environments, a series of tests were 
developed to ensure that the environments were consistently examined across a range 
of key SVG features. The tests were carried out by downloading the applications (trial 
versions in the case of commercial applications) and after an initial familiarisation 
process the tasks were attempted. The tests and results are show in table 5, with more 
detailed comments on the results in appendix 15. 
 
Task list: 
Use the development environments to: 
 

1. Create a bullseye target, made up from 3 circles. Save as an SVG file. 
2. Make target traverse viewBox from left to right indefinitely. 
3. Insert script to count number of times target traverses viewBox 

(displaying count on screen). 
4. Create an ellipse shape with a gradient fill. 
5. Attach an Internet hyperlink to the ellipse shape, activated by mouse 

click. 
6. Insert text of varying styles (size, colour and font). 
7. Opens an SVG file of ‘Bullseye’  

 
4.8.1 Analysis 

 
The primary outcomes of the evaluation are:  
 
Environment Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 

1 JASC 
WebDraw 

Fail Pass Fail Pass Pass Par tial Fail 

2 Corel 
DRAW11 

Pass Fail Fail Par tial Pass Fail Fail 

3 SodiPodi 
 

Pass Fail Fail Par tial Pass Par tial Par tial 

4 SViGio 
 

Par tial Par tial Fail Fail Fail Par tial Fail 

5 EvolGrafix 
 

Pass Par tial Pass Pass Pass Par tial Pass 

6 Adobe 
Illustrator 10 

Par tial Fail Fail Pass Fail Pass Fail 

 
Table 5: Summary of Development environment evaluation.  
 
Table 5 demonstrates that even the simplest tasks are too challenging for some 
applications. This is in direct contrast to Trippe and Binder’s (2002) assertion that 
artwork can simply be saved as SVG. Only EvolGrafix emerged from the evaluation 
as a plausible GUI environment for developing interactive SVG applications. If any of 
the applications are to be used for such development there would be a requirement (to 
a significant degree) to edit the source code in a text editor in order to achieve the 
desired functionality. This means that for SVG applications that are any more than 
static images some knowledge of SVG programming will be required. Whereas in 
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Flash whilst knowledge of ActionScript is desirable, it is not necessary for tasks 1 to 6 
above, but is helpful when developing an application such as ‘Bullseye’ . 
 

4.9 Evaluation of SVG plugins 
 
For the evaluation of SVG plugins, tests were developed based on the iterative 
development of ‘Bullseye’ . That is the plugins attempted to render increasingly 
complex SVG applications. The tests and results are shown in table 6, with more 
detailed comments on the results in appendix 16. 
 
Task list: 
 

1. Display an image of 3 circles making up a target. 
2. Display the target image and an embedded bitmap as a background. 
3. Display an image of 3 circles traversing the screen indefinitely. 
4. Demonstrate ability to open an Internet link by mouse clicking an object. 
5. Display the traversing image and display text counting the traverses 

(JavaScript support). 
6. Show the crosshair following the mouse, hiding the cursor. (cursor hiding is 

achieved by swapping the standard pointer for a transparent image, this is in 
effect a specialised form of custom cursor. 

7. Show the target traversing and changing its ‘ y’  position with each traverse 
(dynamic manipulation of the DOM with JavaScript). 

8. Open ‘Bullseye’  on the Internet. 
 
4.9.1 Analysis 

 
Viewer Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 
1 ASV6 Pass Pass Pass Pass Pass Pass Pass Pass 
2 ASV3 Pass Pass Pass Pass Pass Par tial Pass Pass 
3 ASV2 Pass Pass Pass Pass Pass Fail Pass Par tial 
4 Corel Pass Pass Fail Pass Fail Pass Fail Par tial 
5 Batik Pass Pass Fail Fail Fail Fail Fail Fail 

6 Amaya Pass Pass Fail Pass Fail Fail Fail Fail 
7 Mozilla Pass Fail Fail Fail Fail Fail Fail Fail 
 
Table 6: Summary of SVG viewer evaluation. 
 
As Table 6 demonstrates, the Adobe ASV6 and ASV3 viewers were the only ones to 
render the application sufficiently to allow the game to be played. The other viewers 
fared less well. None of the viewers offered clear error messages with a choice of 
alternative action when rendering was incomplete. This is clearly unsatisfactory from 
a usability point of view and as the Internet based evaluation demonstrated, the lack 
of clear error messages (such as when using ASV2) do not encourage the user to 
download a suitable viewer and thereby promulgate SVG. The most detailed 
messages were offered by the Amaya browser, which indicated that the use of Adobe 
namespaces was unsatisfactory. When developing the mini applications for this part 
of the evaluation care was taken to exclude reference to Adobe namespaces unless 
they were critical to the functionality of the application. However in order to include 
all the modelled functionality in the final application it was necessary to use some 



J.H.A. Elwin, MSc Multimedia and Interactive Systems, 2004 46 

Adobe specific features, such as the ability to play sound. It can be argued that the 
inability of non-Adobe viewers to render Adobe specific features is not significant as 
the Internet based evaluation demonstrated that users are only using Adobe viewers. 
This situation has come about, in part, due to Adobes strong presence in the software 
market and their introduction of features that require an Adobe viewer, which has 
given their viewers a competitive edge, even in a zero price market, as some 
developers have optimised their applications to utilise the Adobe features. This, it can 
be argued, demonstrates that users in the wider Internet community prefer a common 
application for a purpose, indeed one that appears proprietary even if it is in fact an 
open standards application, as this (proprietary behaviour) is perceived by users to 
give the consistency that the W3C open standard SVG is intended to achieve, but does 
not. 
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5 Discussion 
 
The review of literature established that SVG, despite having been a W3C standard 
since 2001, has, compared to the established Flash, failed to make a significant impact 
as media for the delivery of interactive vector graphics on the Internet. The design and 
development process and subsequent evaluations sought to establish the reasons for 
this. This section develops these findings and attempts to glimpse into the future of 
SVG. 
 

5.1 Development 
 
Developing SVG is, in principle, straightforward. Only a text editor is required, 
although Neumann and Winter (2001) suggest that the role of a text editor in SVG is 
better suited to corrections and additions rather than development. However the 
development of ‘Bullseye’  has demonstrated that for applications involving 
interactivity (or any degree of complexity), it is necessary to have programming skills 
in JavaScript and SVG. In addition there appears to be flaws in the language and 
limitations caused by the DOM. It has further been demonstrated that of the main GUI 
based development environments available, only EvolGrafix’s XStudio 2 could be 
considered for the development of an application in SVG similar to ‘Bullseye’ . 
Furthermore, the W3C open standard of SVG (World Wide Web Consortium (1), 
2003) has been shown as poorly implemented by developers of SVG viewers (World 
Wide Web Consortium (6), 2003). The evaluation of plugins has shown that the open 
standard is not only not fully implemented, but (in the case of ASV3 & ASV6) also 
have features that are out with the standard, further complicating matters for 
developers. 
 
Whilst it is the case that SVG can be developed making use of techniques such as 
cut’n’paste (a simple method to reuse code), provided the there are no copyright 
issues, in a text editor (which can be had at zero cost), the specialist knowledge 
needed effectively inhibits development. The most effective GUI (Xstudio 2) 
development environment is immature compared to Macromedia Flash equivalent and 
costs £3457 compared to £3898. It seems unlikely that developers will consider the 
difficulties of developing in SVG compared to Flash is worth any financial saving.  
 
It is important to place these difficulties in context. The aim of any GUI development 
environment for SVG is to produce the human readable file, in a format specified by 
the W3C open standard, to be rendered by a viewer. This 2 stage process is inherently 
more complicated than the single stage binary compilation that Flash undertakes. Nor 
are Macromedia (Flash is a proprietary format) constrained by the need to comply 
with an open standard. 
 

5.2 Access 
 
Whilst SVG’s text based nature has a number of potential advantages, these are 
marginalised by the fact that so few users have access to an SVG viewer. It has been 
demonstrated that users who have no plugin or a plugin that is not suitable for the 

                                                
7 See appendix 15. 
8 Price from http://www.dabs.com/uk/ on 05 February 2004. 
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feature set of the file that is attempting to load are presented with confusing or no 
error messages. Users in this simply do not investigate the cause of the difficulties and 
cease the activity. Many developers recognise the de facto primacy of ASV3 (and that 
its natural successor is ASV6) by including a link to the Adobe Systems (2003) 
website on web pages where they have placed SVG images. Therefore, it is proposed, 
that developers need to be more proactive in this area by more explicitly accepting the 
status of AVS3 and including an ‘auto-install’  script, which installs ASV3 (subject to 
user agreement) automatically. Such a script is provided by Adobe Systems (2003), 
although it is limited in that it merely checks that the SVG mime types are supported 
and does not check the viewer version for suitability. This level of assistance is 
available to (and the norm for) Flash users and such user friendly features are an 
essential prerequisite to wider distribution of SVG viewers. 
 

5.3 User  Exper ience 
 
The review of literature established the importance of download times; however no 
one in the Internet based evaluation rated the download time for either application as 
‘poor’ , it was always ‘good’  or ‘satisfactory’ . This suggests that vector graphics (at 
this level of complexity) in both formats are suitable for Internet use in this respect. 
Nevertheless, it has been observed in the development process and in the Internet 
based evaluation that the computer specifications can be significant to the quality of 
client side rendering. Whilst the propriety Flash player interprets a compiled binary, 
an SVG viewer interprets plain text before the rendering process begins. The 
additional complexity of this process is reflected in the increased size of an SVG 
viewer download compared to the Flash player (2.3Mb versus 0.5Mb). The result is 
that the Flash application operates smoothly on a platform equivalent to the baseline 
specification given in appendix 4 (500MHz CPU), whereas the SVG application 
requires the revised appendix 4 specification (1GHz CPU). However some users in 
the Internet based evaluation with high specification (2GHz CPU) computers felt that 
the quality of the moving graphics in SVG was marginally smoother than in the Flash 
application. It can be argued that that Moore’s law (Moore, 1965), which states that as 
technology advances bringing reduced costs per component, the technology can 
justify the increased complexity and costs of more components per circuit. Moore 
asserts that the sustainable increase of the latter is in the region of a factor of 2 per 
year. This thesis is often simplified to the idea that CPU speeds will double every 
year. Post (Post G, 1999) develops Moore’s (1965) argument and concludes that 
businesses should replace their computers every 36 months. The 1GHz CPU first 
became available in the year 2000, therefore, following the logic of Post (1999), all 
businesses that bought personal computers before 2000 should have replaced them by 
now. To what extent this logic is reflected in the purchasing of the world is debatable 
(and Post does not consider the domestic personal computer market), but it does 
suggest that hardware related problems with SVG are of a temporary nature.  
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5.4 Summary 
 
In sections 3.1 and 3.2 criteria were outlined against which the applications were to be 
compared. It is useful to summarise the results of the evaluations by listing how each 
format performed against the criterion, this is done in table 7 below.  
 
 
 
Cr iter ia Flash SVG 
Useable: Yes. Yes, although slightly more 

client side resource may be 
required. 

Flexible and 
extensible: 

Yes, use of library objects and 
ActionScript permit this. 

Yes, by placing objects within 
<defs> and <g> tags. Also 
use of JavaScript supports 
this. 

High cohesion and Low 
coupling: 

Yes, the use of library objects 
facilitates this, knowledge of 
ActionScript is useful. 

Yes, with efficient scripting, 
but knowledge of format is 
essential as the current GUI 
development environments 
are of limited assistance. 

Availability:  Yes, plugin widely distributed, 
otherwise a 0.5Mb download. 

Poor plugin distribution and 
2.3Mb plugin download is a 
restriction.  

Accessibility: Easy to get correct plugin, 
meaningful error messages if 
no or incorrect plugin installed.  

Accessibility severely 
impaired by poor error 
messages from early plugins. 

Bandwidth: A low bandwidth format. A low bandwidth format. 

Speed of client side 
render ing: 

Good. Potentially slower as text 
rather than binary format. 

Functionality: As expected. Problems related to the DOM 
and a programming bug. 

User exper ience: Good, overall superior to SVG. Good, but can be reduced by 
difficulties with plugin.  

 
Table 7: Summary of performance against key criteria. 
 
The summarised results of performance against criteria in table 7 reflect the fact that 
Flash is a mature technology compared to SVG.  
 

5.5 Future work 
 
It might be considered that a limitation of this project is that it has tested SVG against 
a particular range of features in which Flash has been found to be superior. Future 
work comparing interactive vector graphic formats on the Internet might extend to 
developing server side interaction such as the booking system discussed in the review 
of literature. A minor project might be to examine if there is an effect, as Winter 
(2004) suggests, on the performance of a Flash application used prior to an SVG 
application and vice versa, if there is, it could influence how certain aspects of 
evaluation in projects of this type are undertaken. Other work could be extending this 
project to include comparing Flash and SVG on small devices such as Mobile phones 
and PDA’s. 
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6 Conclusion 
 
This research sought answers to the following questions: 
 

1. Does SVG have sufficient advantages over Flash; with respect to bandwidth, 
client side rendering, usability of interactive features and other key attributes 
which research may elicit to enable it to become the primary means of vector 
graphic delivery on the Internet? 

 
The results suggest that at the time of writing SVG does not have sufficient advantages 
over Flash. With respect to bandwidth there is no significant difference between the 
formats. Client side rendering from a hardware perspective is better on low power 
computers in Flash, however trends in computer development and purchasing may 
significantly mitigate this. Furthermore the relative maturity of Flash, coupled with the 
propriety nature of Flash (a single development environment producing output for a 
single plugin) means that Flash has less bugs. Additionally, it is suggested that the 
limited ability of the majority of GUI SVG development environments is a workflow 
restriction to developers despite that face that SVG code is human readable and can be 
edited in a text editor. The latter is compounded by the SVG plugins, which do not fully 
support the SVG standard and (notably with ASV3 and ASV6) depart from it in some 
respects. This puts SVG developers and users at a disadvantage with respect to Flash. 
 

2. What key developments are required to facilitate wider use of SVG? 
 
Users of Flash are, compared to SVG users, in an enviable position. For the most part 
the media offers the user a trouble free and (potentially) a rich interactive experience. 
In the event of no plugin or an out of date plugin the user is provided with meaningful 
information. As has been shown this is not the case with SVG, plugin related usability 
problems are regarded very seriously by users. Developers need to include scripts and 
text messages into web pages that will meaningfully assist users who do not have the 
necessary plugins. On a wider scale the inclusion of an SVG viewer into the next 
iteration of Microsoft Internet Explorer, with native support for SVG being included 
in a major release will ensure wider access to SVG images. The focus on Internet 
Explorer is appropriate (although it might place undue emphasis on externalities) as it 
is the primary browser (Upsdell, 2003). Full native support for SVG in HTML 
browsers might allow the W3C to develop the HTML standard to permit the inclusion 
of nested SVG code within HTML (or XML) code. Additionally there is a need to 
include high quality content that complies with the above conditions on a website that 
attracts a substantial number of users as this will encourage the distribution of plugins 
which should in turn encourage a wider body of developers to publish SVG content.  
 
Despite the current situation where Flash is dominant by virtue of advantages that 
come with maturity. SVG has a number of advantages, which will encourage its use in 
the longer term. Cost; despite the limitations of doing so, SVG can be authored in a 
text editor or with an open source package such as SodiPodi9, which will attract 
developers. Accessibility (in the context of special needs); the text based nature of 
SVG code will facilitate specialist software; this is very significant at a time of 
increasing special needs legislation. That SVG is text based makes it more accessible 
                                                
9 See appendix 15. 
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to search engines than Flash. This project has undertaken a wide ranging comparison 
of Flash and SVG, which hitherto has not been done. This included the building of 
interactive multimedia applications in both formats of a type that, as far as could be 
ascertained, had not been attempted in SVG before. As such it has been able to 
identify with a degree of precision certain aspects of the strengths and weaknesses of 
SVG.  
 
Finally, as has already been alluded to, it is important to recognise that this project has 
sought to compare Flash and SVG, using Flash as the control. This has, arguably, 
prevented a full examination of SVG’s strengths. 
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7 Appendices 
 
Appendix 1: Compar ing Flash (SWF) and SVG file format specifications. 

Proper ty SWF SVG 
Official W3C Standard No Yes 

XML based No, but XML-object and 
XML-socket available 

Yes 

Embedding foreign 
XML-namespaces 

No Yes 

Binary/text based Binary Text based 

Format can be read by 
and changed easily by 
humans 

No Yes 

Accessibility (for people 
with disabilities) 

Limited but being 
developed 

Yes, see Accessibility features at and 
guidelines at 
http://www.w3.org/TR/SVG/access.html 

File sizes 
Most of the time a little 
more compact than SVG, 
due to binary format 

Relatively compact, may be gzipped 

CSS (Style sheet) and 
XSL compatible1 

Partially, only proprietary 
styles 

Yes 

Can be indexed by 
search-engines 

No Yes 

Use of entities No Yes 

Syntax and validity 
checks 

No Yes, DTD and Schema 

Needs a plugin? Yes Presently, yes - will be a browser 
technology in the future 

Plugin-Size Small, about 200k Large, about. 2.3 MB  

Search for text-strings No Yes 

View Source No Yes 

Is text re-useable? (can 
be selected, copied, 
spoken by computer, 
indexed, etc.) 

The author may define 
whether a text is 
selectable, copyable or 
untouchable 

Yes 

Text along path No Yes 

Scripting language, 
Programming 

Proprietary, Macromedia 
ActionScript (close to 
ECMA JavaScript), may be 
mixed with ECMA 
JavaScript 

ECMA JavaScript, Java Bindings, 
ActiveX controls 

Animation Yes, frame-based/time 
based; script-based 

Yes, frame-based/time-
based/interpolation-based; script based 

Creation of new 
converters 

Difficult, because of binary 
format. 

Simple, text based, lots of XML 
parsers/libraries available 

 
Source: summarised from Neumann (2002). 
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Appendix 2: I llustrative examples of code for  <g> element. 

 
<def s> 
 
<g i d = " c i r c l es" > 
<ci r c l e i d=" out er "  cx=" 0"  cy=" 0"  r =" 38"  st y l e=" f i l l : bl ue"  / > 
<ci r c l e i d=" mi ddl e"  cx=" 0"  cy=" 0"  r =" 25"  st y l e=" f i l l : whi t e" / > 
<ci r c l e i d=" bul l "  cx=" 0"  cy=" 0"  r =" 14"  st y l e=" f i l l : r ed" / > 
</ g> 
 
</ def s> 
 
<g t r ansf or m = " t r ansl at e( 110, 150) >"  
<use x l i nk: hr ef =" #ci r c l es" / >  
</ g>  
 
<g t r ansf or m = " t r ansl at e( 240, 330) >"  
<use x l i nk: hr ef =" #ci r c l es" / >  
</ g>  
 
 
 
By placing the code within a <defs> element the code is in effect unused until called 
by a <use> element, at which point it can be exactly positioned. If required this can be 
done more than once, by calling a primitive shape or group using the unique user 
defined id tag.  
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Appendix 3: Examples of SVG Internet sites. 

 
 
Adobe SVG Zone is the Adobe Systems showcase for SVG. Adobe have developed 
the leading SVG viewer (ASV3) and included a ‘save as SVG’ option to their 
‘ Illustrator’  drawing software. The SVG Zone is typical of many SVG related sites in 
that it gives examples of SVG and a page of hyperlinks to other sites promoting SVG. 
URL http://www.adobe.com/svg/demos/main.html [2 October 2003] 
 
 
KevL inDev is the homepage of Kevin Lindsey, a software developer, who has 
developed a site demonstrating some of the features of SVG, including examples of 
interaction with JavaScript; I have developed SVG code from ideas on this site. 
However as it seeks to demonstrate complex SVG principles Lindsey has had to 
advise users that the site works best using the ASV3 viewer, demonstrating the fact 
that different SVG viewers have different capabilities. This is a restriction to access.   
URL http://www.kevlindev.com/ [8 October 2003] 
 
 
Car to.net is a site primarily developed to promote the display cartography on the 
Internet, which argue Neumann and Winter (2001) SVG is ideally suited to. This is a 
dynamic site offering academic papers presented by Neumann and Winter, a help 
section on developing SVG and hyperlinks to cartographic SVG sites.  
URL http://www.carto.net/papers/svg/links/ [2 October 2003] 
CV for A. Neumann. URL http://www.karto.ethz.ch/neumann/ [2 October 2003] 
CV for A. Winter. URL http://www.carto.net/andre.mw/ [2 October 2003] 
 
 
DBx Geomatics Inc. a Canadian cartographic company that recognises the potential 
of SVG as a medium for displaying cartography. Their site offers a number of 
examples, but it is interesting to note that any commercial work they have undertaken 
with SVG is only published on their clients Intranet. This may be an indication of the 
copyright concerns cartographers have with SVG (as discussed in the review of 
literature) and that it is simpler to ensure that all users are viewing the site with the 
viewer intended by the developer. 
URL http://www.dbxgeomatics.com/SVG.asp [16 November 2003] 
 
 
National Cancer  Institute (USA) has a site displaying interactive mortality charts 
and graphs. The user has a choice to view in Flash, SVG or GIF formats. This is the 
only site that offers SVG content with no qualification at all about the material being 
for demonstration (or similar) purpose out with the field of cartography. In this 
context there is no apparent difference between the Flash and SVG images, but the 
GIF does not have any interactivity. 
URL http://www3.cancer.gov/atlasplus/charts.html [20 November 2003] 
 
 
SVG Games was created on 7 November 2003 to promote games developed in SVG, 
which could be considered an indication of the rate of change in this field. At the time 
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of writing there are 7 games on the site, 2 of which are not playable at a screen 
resolution of 800*600 as the viewBox is too large. Another game (svgGP) affords the 
user such limited control as to be unplayable. One game, ‘SVG Turtles’  is quite 
playable and challenging. More than being a demonstration of the rate of change this 
site can be considered as an indication as to how much work is required in order to 
produce entertaining games. 
URL http://a.1asphost.com/svggames/ [17 December 2003] 
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Appendix 4: Technical Specifications. 

 
Baseline specification for Flash and SVG formats: based on hardware approximately 
4 years old. (determined prior to development) 
 

·  PC 
1. 500 MHz Pentium processor with a hardware accelerated 3D graphics 

card with 32 MB or more of VRAM) 
2.  Windows 98 or greater. 
3. 128MB Ram. 
4. Monitor capable of 800*600 resolution, 16 bit colour. 
5. Windows compatible soundcard with speakers. 
6. Browser: Internet Explorer 5.5 or greater or Mozilla 1.4 or equivalent. 
7. Connection to Internet via V90 Modem or Broadband connection 

equipment. 
8. Macromedia Flash player 6 or greater. 
9. SVG viewer (Adobe SVG viewer 3 or 6) 

 
 
Revised baseline specification for SVG format: based on the results of the evaluations 
and the development experience. (changes are in bold) 
 

·  PC 
1. 1GHz Pentium or  Athlon processor  with a hardware accelerated 3D 

graphics card with 32 MB or more of VRAM) 
2.  Windows 98 or greater. 
3. 256MB Ram 
4. Monitor capable of 800*600 resolution, 32 bit colour . 
5. Windows compatible soundcard with speakers. 
6. Browser: Internet Explorer 5.5 or greater or Mozilla 1.4 or equivalent. 
7. Connection to Internet via V90 Modem or Broadband connection 

equipment. 
8. Macromedia Flash player 6 or greater. 
9. SVG viewer (Adobe SVG viewer 3 or 6) 

 
 
Specifications for a Windows platform only are given, however the applications run 
satisfactorily on equivalent Macintosh or Linux platforms. 
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Appendix 5: Scenar io for requirements gather ing. 

 
Bullseye 

 
David, a senior executive, likes to relax by playing computer games. One of his 
favourites is ‘Bullseye’ . One evening he arrives home after a difficult day, sits down 
at his computer and loads ‘Bulls Eye’. 
 
David reads the brief introduction/instructions, explaining how to play the game and 
that there are three levels of difficulty: 

·  Easy; 5 targets traverse the screen over a period of a minute, always from left 
to right. 

·  Harder; 10 targets traverse the screen over a period of a minute, from left to 
right then right to left and so on. 

·  Hard; 15 targets traverse the screen over a period of a minute, randomly, from 
left to right or right to left and at increasing speeds. 

 
David clicks the ‘Harder’  button. The screen shows a crosshair on a grass area with a 
target traversing from the left. Using the mouse David adjusts the aim. He is aiming at 
a target that traverses the screen from left to right. David, at a point of his choosing 
clicks the mouse to fire. 
 
If the aim is correct the target is hit. David aims well and hits the circle adjacent to the 
bull (making a sound) scoring 50 points. Already the next target is traversing from the 
right; David aims and fires again. After 10 targets have traversed the screen, the game 
returns to the initial display, which also shows the score of the previous game. 
 
David feels encouraged and clicks the ‘Hard’  button to play the game at the highest 
level of difficulty. 
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Appendix 6a: Class Diagram, Flash Application 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: 

·  gamesWorld is an abstract class 
 
 

gamesWorld 
 
initHeight 
yheight 
speed 
accelerate 
rightedge 
leftedge 
score 
targetsLeft 
choose 
 
 
 
enablePlay() 
 

display 
 
 
 
 
 
 
 
displayScore() 
displayTargetsLeft() 

target 
 
direction 
bullScore 
middleScore 
outerScore 
 
 
 
traverse() 
addScore() 
targetsLeft() 
visible() 
detectBoundaries() 
completeShot() 

sound 
 
sound 
 
 
 
 
 
playSound() 

crosshair 
 
 
 
 
 
 
fire() 
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Appendix 6b: Class Diagram, SVG Application 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 

·  gamesWorld is an abstract class. 
·  The methods used to track the cursor in the SVG application are not shown, as 

they were not originally modelled. 
 

gamesWorld 
 
initHeight 
yheight 
speed 
accelerate 
rightedge 
leftedge 
score 
targetsLeft 
choose 
count 
 
 
enablePlay() 
introVisibility() 

display 
 
 
 
 
 
 
 
displayScore() 
displayTargetsLeft() 

target 
 
 
targetScore 
direction 
 
 
 
 
traverse() 
addScore() 
targetsLeft() 
 

sound 
 
 
sound 
 
 
 
 
 

crosshair 
 
 
 
 
 
 
fire() 
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Appendix 6c: Document Object Model, SVG Application 

 
The DOM is a hierarchical identifier, which expresses the relationship objects in a 
document have with each other (Neumann and Winter, 2001). 
 
Key: 

1. The three buttons with the ID tag easy, harder and hard all have identical sub 
nodes to the button (backButton). 

2. There are a number of tspan nodes within the text node, only 1 is shown. 
3. The group display consists of 4 text nodes; making up the score, number of 

targets left and associated labels. 
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Appendix 7: ‘Bullseye’  SVG code. 

 
Code for the JavaScript functions for ‘Bullseye’  in SVG, stored in a library called 
functions.js 
 

/ /  code f or  t r acki ng cur sor  ( devel oped f r om code at     
ht t p: / / www. kevl i ndev. com)   
 
/ /    i ni t  

            f unct i on i ni t ( e)  {  
            i f  (  wi ndow. svgDocument  == nul l  )  
                svgDocument  = e. t ar get . owner Document ;  
                
            / /  Fi nd nodes by i d and st or e i n el ems obj ect  
            f or  ( var  i d i n el ems)  get El ement ( i d,  el ems[ i d] ) ;  
            / /  Updat e t r acki ng r ect angl e 
            updat eTr acker ( nul l ) ;  
            }  
             
            / /    get El ement         
            f unct i on get El ement ( i d,  useFi r st Chi l d)  {  
            / /  Fi nd t he node wi t h t he speci f i ed i d 
            var  node = svgDocument . get El ement ByI d( i d) ;              
            el ems[ i d]  = node;              
            }       
             
            / /    updat eTr acker               
             f unct i on updat eTr acker ( e)  {  
            / /  Get  t he t op- most  SVG el ement  
            var  SVGRoot  = svgDocument . document El ement ;  
 
            / /  Get  t he cur r ent  zoom and pan set t i ngs 
            var  t r ans = SVGRoot . cur r ent Tr ansl at e;  
            var  scal e = SVGRoot . cur r ent Scal e;  
 
           / /  Det er mi ne t he t r ansl at i on needed t o move t he upper - l ef t  
            / /  cor ner  of  t r acki ng r ect angl e t o t he upper - l ef t  of  t he 
            / /  cur r ent  v i ew.             
            f r ame. x_t r ans = (  0. 0 -  t r ans. x )  /  scal e;  
            f r ame. y_t r ans = (  0. 0 -  t r ans. y )  /  scal e;  
            
            / /  scal e t he r ect angl e t o f i t  t he cur r ent  v i ew.    
            f r ame. zoom = scal e;  
            f r ame. x_scal e = f r ame. y_scal e = 1 /  scal e;  
 
            / /  Get  t he cur r ent  v i ewBox 
            var  vbox = SVGRoot . get At t r i but eNS( nul l ,  " v i ewBox" ) ;  
 
            i f  (  vbox )  {  
               / /  have a v i ewBox so,  updat e our  t r ansl at i on and scal e 
                / /  t o t ake t he v i ewBox i nt o account  
 
                / /  Br eak t he v i ewBox par amet er s i nt o an ar r ay  
                var  par ams  = vbox. spl i t ( / \ s+/ ) ;  
 
                / /  Det er mi ne t he scal i ng f r om t he v i ewBox 
                var  h_scal e = wi ndow. i nner Wi dt h  /  par ams[ 2] ;  
                var  v_scal e = wi ndow. i nner Hei ght  /  par ams[ 3] ;  
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                / /  Updat e pr evi ousl y cal cul at ed t r ansf or m 
                f r ame. x_t r ans = f r ame. x_t r ans /  h_scal e + 
par seFl oat ( par ams[ 0] ) ;  
                f r ame. y_t r ans = f r ame. y_t r ans /  v_scal e + 
par seFl oat ( par ams[ 0] ) ;  
                f r ame. x_scal e = f r ame. x_scal e /  h_scal e;  
                f r ame. y_scal e = f r ame. y_scal e /  v_scal e;  
                }             
             }  
              
            / /    updat eCur sor         
           f unct i on updat eCur sor ( e)  {  
            / /  Get  t he mouse x and y coor di nat es 
            var  x = e. c l i ent X;  
            var  y = e. c l i ent Y;  
 
            / /  Cal cul at e t he user - coor di nat e usi ng t he scal i ng and 
            / /  t r ansl at i on val ues cal cul at ed f or  t he t r acki ng 
            / /  r ect angl e 
            var  nx = x *  f r ame. x_scal e + f r ame. x_t r ans;  
            var  ny = y *  f r ame. y_scal e + f r ame. y_t r ans;      
            / /  set  l engt h of  cr osshai r s /  2        
            var  l i neLengt h = 7. 5 
            / /  Updat e t he cur sor  posi t i on               
            el ems. hor i zLi ne. set At t r i but eNS( nul l ,  " x1" ,  nx-
l i neLengt h) ;    
            el ems. hor i zLi ne. set At t r i but eNS( nul l ,  " y1" ,  ny) ;      
            el ems. hor i zLi ne. set At t r i but eNS( nul l ,  " x2" ,  
nx+l i neLengt h) ;    
            el ems. hor i zLi ne. set At t r i but eNS( nul l ,  " y2" ,  ny) ;      
            el ems. ver t Li ne. set At t r i but eNS( nul l ,  " x1" ,  nx) ;    
            el ems. ver t Li ne. set At t r i but eNS( nul l ,  " y1" ,  ny- l i neLengt h) ;      
            el ems. ver t Li ne. set At t r i but eNS( nul l ,  " x2" ,  nx) ;    
            el ems. ver t Li ne. set At t r i but eNS( nul l ,  " y2" ,  ny+l i neLengt h) ;   
            el ems. cur sor . set At t r i but eNS( nul l ,  " cx" ,  nx) ;  
            el ems. cur sor . set At t r i but eNS( nul l ,  " cy" ,  ny) ;    
            el ems. f l ash. set At t r i but eNS( nul l ,  " cx" ,  nx) ;     
            el ems. f l ash. set At t r i but eNS( nul l ,  " cy" ,  ny) ;                   
            }     
         
        / / show and hi de t he f l ash on mouse c l i ck 
        f unct i on f i r e( evt , val ue)   {  
            f l ash = evt . t ar get . owner Document . get El ement ByI d( " f l ash" ) ;  
              i f  ( val ue==1)   {  
              f l ash. set At t r i but eNS( nul l ,  " v i s i bi l i t y" ,  " v i s i bl e" ) ;    
              }  el se  {    
              f l ash. set At t r i but eNS( nul l ,  " v i s i bi l i t y" ,  " hi dden" ) ;   
              }  
        }  
         
       / / end of  code r el at i ng t o cur sor  t r acki ng  
        
        / /  add scor e 
        f unct i on addScor e( evt ,  scor eToAdd)  {            
            t ar get Scor e = scor eToAdd+t ar get Scor e;    
            di spl ayScor e( evt ) ;                 
        }           
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        / / di spl ay scor e 
        f unct i on di spl ayScor e( evt )   {  
            var  scor e = 
svgDocument . get El ement ByI d( " scor e" ) . f i r s t Chi l d;  
            scor e. dat a = t ar get Scor e;                                    
        }                  
          
        / /  how many t ar get sLef t ? 
        f unct i on t ar get sLef t ( evt )  {                   
            t ar get sLef t . dat a = count - - ;       
            di spl ayTar get sLef t ( evt )          
        }    
         
        / /  di spl ay t ar get sLef t ? 
        f unct i on di spl ayTar get sLef t ( evt )  {                   
            var  t ar get sLef t  = 
svgDocument . get El ement ByI d( " t ar get sLef t " ) . f i r s t Chi l d;  
            t ar get sLef t . dat a = count ;                
        }        
             
        / / go back t o st ar t  scr een at  end of  game 
        f unct i on i nt r oVi s i bi l i t y( evt ,  aTi me)   {  
        i nt r oVi s = 
evt . t ar get . owner Document . get El ement ByI d( " i nt r oVi s" ) ;  
        i nt r oVi s. set At t r i but eNS( nul l ,  " dur " ,  aTi me) ;              
        }  
       
        / / set  l evel  of  di f f i cul t y  and st ar t  t he game 
        f unct i on enabl ePl ay( evt ,  par amet er s)    {         
                
        i f  ( par amet er s! =0)   {               
            t ar get Scor e = 0;      
        }  
        i f  ( par amet er s==1)   {   
            choose = 1;         
            count  = 5;          
        }  
        i f  ( par amet er s==2)   {  
            choose = 2;  
            count  = 10;                    
        }  
        i f  ( par amet er s==3)   {     
            choose = 3;       
            count  = 15;                      
        }    
        / / r eset  di spl ay          
         di spl ayScor e( evt ) ;                     
         di spl ayTar get sLef t ( evt ) ;  
         t ar get Scor e = 0;              
                        
        / / r eset  dat a so game r est ar t s at  begi nni ng 
        speed  = 7;  
        l ef t edge =  - 50;   
        i ni t Hei ght  = 250;    
        r i ght edge  = 600;  
        s t ar t 1 = evt . t ar get . owner Document . get El ement ByI d( " st ar t 1" ) ;  
        s t ar t 1. set At t r i but eNS( nul l ,  " dur " ,  speed) ;      
        s t ar t 1. set At t r i but eNS( nul l ,  " pat h" ,  " M 
" +l ef t edge+" , " +i ni t Hei ght +"  L " +r i ght edge+" , " +i ni t Hei ght +" " ) ;   
        }  
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        / / move i t  about  accor di ng t o l evel  of  di f f i cul t y  
        f unct i on t r aver se( evt )   {  
        / /  set  up hei ght  speed and di r ect i on of  next  pass easy 
        i f ( choose==1)   {  
        var  accel er at e = 1;  
        yhei ght  = 8;  
        di r ect i on = 0. 25               
        }  
        
        i f  ( choose==2)   {  
        / /  set  up hei ght  speed and di r ect i on of  next  pass har der  
        var  accel er at e = speed *  0. 12;  
        yhei ght  = 12;                
        i f  ( count ==9| | count ==7| | count ==5| | count ==3| | count ==1)   {  
        di r ect i on = 0. 75;  
        }  el se {  
        di r ect i on = 0. 25;  
        }  
        }  
         
        i f  ( choose==3)   {   
        / /  set  up hei ght  speed and di r ect i on of  next  pass har d 
        var  accel er at e = speed *  0. 14;          
        yhei ght  = 14;   
        var  di r ect i on = Mat h. r andom( ) ;  
        }  
         
        / / car r y out  next  pass 
        speed = speed- accel er at e;  
        i ni t Hei ght  = i ni t Hei ght - yhei ght ;  
        s t ar t 1 = evt . t ar get . owner Document . get El ement ByI d( " st ar t 1" ) ;  
        s t ar t 1. set At t r i but eNS( nul l ,  " dur " ,  speed) ;    
         i f  ( di r ect i on>0. 5)   {  
         s t ar t 1. set At t r i but eNS( nul l ,  " pat h" , " M 
" +r i ght edge+" , " +i ni t Hei ght +"  L " +l ef t edge+" , " +i ni t Hei ght +" " ) ;   
            }   el se  {       
                s t ar t 1. set At t r i but eNS( nul l ,  " pat h" , " M 
" +l ef t edge+" , " +i ni t Hei ght +"  L " +r i ght edge+" , " +i ni t Hei ght +" " ) ;   
            }  
        / / check f or  game end  
        i f  ( count ==0)   {  
        / / i f  game end show i nst r uct i ons    
        di spl ayScor e( evt ) ;   
        speed=0;  
        i nt r oVi s i bi l i t y( evt , 0) ;  
        }  
        }  
        
/ / end 
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Code for the application bullseye.svg. 
  
<?xml  ver s i on=" 1. 0"  st andal one=" no" ?> 
<! DOCTYPE svg PUBLI C " - / / W3C/ / DTD SVG 20010904/ / EN"  
    " ht t p: / / www. w3. or g/ TR/ 2001/ REC- SVG- 20010904/ DTD/ svg10. dt d" > 
<svg v i ewBox=" 0 0 550 400"  pr eser veAspect Rat i o=" none"  
     xml ns=" ht t p: / / www. w3. or g/ 2000/ svg"  
     xml ns: x l i nk=" ht t p: / / www. w3. or g/ 1999/ x l i nk"  
     xml ns: a3=" ht t p: / / ns. adobe. com/ AdobeSVGVi ewer Ext ensi ons/ 3. 0/ "  
     a3: scr i pt I mpl ement at i on=" Adobe"  
     xml ns: a=" ht t p: / / www. adobe. com/ svg10- ext ensi ons"      
     a: t i mel i ne=" i ndependent "  
     onl oad=" i ni t ( evt ) "  
     onzoom=" updat eTr acker ( evt ) "  
     onscr ol l =" updat eTr acker ( evt ) "  
     onr esi ze=" updat eTr acker ( evt ) " > 
    <scr i pt  t ype=" t ext / ecmascr i pt "  a3: scr i pt I mpl ement at i on=" Adobe"  
x l i nk: hr ef =" f unct i ons. j s" / > 
    <scr i pt  t ype=" t ext / ecmascr i pt "  
a3: scr i pt I mpl ement at i on=" Adobe" ><! [ CDATA[  
     / /   Gl obal s 
            var  count  = 0;  
            var  t ar get Scor e = 0;     
            var  speed = 7;    
            var  choose = 0;  
            var  l ef t edge  =  - 50;              
            var  r i ght edge  =  600;         
            var  i ni t Hei ght   =  250;     
            var  yhei ght   =  0;           
     
     / /   var i abl es  f or  wi t h cur sor  t r acki ng                    
        var  el ems = {  
            t r acker :  f al se,  
            cur sor :   f al se,     
            f l ash:  f al se,       
            hor i zLi ne:  f al se,     
            ver t Li ne:  f al se,        
        } ;  
        var  f r ame = {  
            x_t r ans:  0,  
            y_t r ans:  0,  
            zoom   :  1,  
            x_scal e:  1,  
            y_scal e:  1 
        } ;          
    ] ] ></ scr i pt > 
<def s> 
 
<st y l e t ype=" t ext / css" > 
    <! [ CDATA[  
    t ext ,  t span  {      
    f ont - f ami l y: Ar i al  Bl ack;  
    f ont - s i ze: 18;  
    f ont - wei ght : bol d;           
    }  
    ] ] > 
    </ st y l e> 
 
 
 



J.H.A. Elwin, MSc Multimedia and Interactive Systems, 2004 66 

<l i near Gr adi ent  i d=" whi t e- bl ue- whi t e"  x1=" 0%"  y1=" 0%"  x2=" 100%"  
y2=" 0%"  
   spr eadMet hod=" pad"  
gr adi ent Uni t s=" obj ect Boundi ngBox" > 
   <st op of f set =" 0%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
   <st op of f set =" 50%"  st y l e=" st op-
col or : r gb( 0, 0, 255) ; st op- opaci t y : 1" / > 
   <st op of f set =" 100%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
</ l i near Gr adi ent > 
<l i near Gr adi ent  i d=" bl ue- whi t e"  x1=" 0%"  y1=" 0%"  x2=" 100%"  y2=" 0%"  
   spr eadMet hod=" pad"  
gr adi ent Uni t s=" obj ect Boundi ngBox" > 
   <st op of f set =" 0%"  st y l e=" st op-
col or : r gb( 0, 0, 255) ; st op- opaci t y : 1" / > 
   <st op of f set =" 100%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
</ l i near Gr adi ent > 
<l i near Gr adi ent  i d=" r ed- yel l ow- r ed"  x1=" 0%"  y1=" 0%"  x2=" 100%"  y2=" 0%"  
   spr eadMet hod=" pad"  
gr adi ent Uni t s=" obj ect Boundi ngBox" > 
   <st op of f set =" 10%"  st y l e=" st op-
col or : r gb( 255, 0, 0) ; st op- opaci t y : 1" / > 
   <st op of f set =" 50%"  st y l e=" st op-
col or : r gb( 255, 255, 0) ; st op- opaci t y : 1" / > 
   <st op of f set =" 90%"  st y l e=" st op-
col or : r gb( 255, 0, 0) ; st op- opaci t y : 1" / > 
</ l i near Gr adi ent > 
<l i near Gr adi ent  i d=" whi t e- bl ack- whi t e"  x1=" 0%"  y1=" 0%"  x2=" 100%"  
y2=" 0%"  
   spr eadMet hod=" pad"  
gr adi ent Uni t s=" obj ect Boundi ngBox" > 
   <st op of f set =" 0%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
   <st op of f set =" 50%"  st y l e=" st op-
col or : r gb( 0, 0, 0) ; st op- opaci t y : 1" / > 
   <st op of f set =" 100%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
</ l i near Gr adi ent > 
<l i near Gr adi ent  i d=" bl ack- whi t e"  x1=" 0%"  y1=" 0%"  x2=" 100%"  y2=" 0%"  
   spr eadMet hod=" pad"  
gr adi ent Uni t s=" obj ect Boundi ngBox" > 
   <st op of f set =" 0%"  st y l e=" st op-
col or : r gb( 0, 0, 0) ; st op- opaci t y : 1" / > 
   <st op of f set =" 100%"  st y l e=" st op-
col or : r gb( 255, 255, 255) ; st op- opaci t y : 1" / > 
</ l i near Gr adi ent > 
 
<g i d=" cr osshai r " > 
<ci r c l e i d=" cur sor "  cx=" 275"  cy=" 200"  r =" 7. 5"  
 s t y l e=" f i l l : none; st r oke: r gb( 153, 51, 255) ; st r oke- wi dt h: 1" / > 
<l i ne  i d=" hor i zLi ne"  x1=" 267. 5"  y1=" 200"  x2=" 282. 5"  y2=" 200"  
st y l e=" f i l l : none; st r oke: r gb( 153, 51, 255) ; st r oke- wi dt h: 1" / > 
<l i ne i d=" ver t Li ne"  x1=" 275"  y1=" 192. 5"  x2=" 275"  y2=" 207. 5"  
st y l e=" f i l l : none; st r oke: r gb( 153, 51, 255) ; st r oke- wi dt h: 1" / > 
<ci r c l e i d=" f l ash"  cx=" 275"  cy=" 200"  r =" 30"   
s t y l e=" f i l l : r gb( 255, 255, 0) ; st r oke: ur l ( #r ed- yel l ow- r ed) ; st r oke-
wi dt h: 5"  v i s i bi l i t y=" hi dden" / > 
</ g> 
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<g i d = " c i r c l es" > 
<ci r c l e i d=" out er "  cx=" 0"  cy=" 0"  r =" 38"  st y l e=" f i l l : bl ue"  / > 
<ci r c l e i d=" mi ddl e"  cx=" 0"  cy=" 0"  r =" 25"  st y l e=" f i l l : whi t e" / > 
<ci r c l e i d=" bul l "  cx=" 0"  cy=" 0"  r =" 14"  st y l e=" f i l l : r ed" / > 
</ g> 
 
 
<g i d =" di spl ay"  st y l e=" f i l l : yel l ow" > 
<t ext  i d=" t ar get sLef t Label "  x=" 380"  y=" 30" >Tar get s Lef t </ t ext >   
<t ext  i d=" t ar get sLef t "  x=" 500"  y=" 30" >0</ t ext > 
<t ext  i d=" scor eLabel "  x=" 380"  y=" 50" >Scor e</ t ext >   
<t ext  i d=" scor e"  x=" 500"  y=" 50" >0</ t ext > 
</ g> 
 
</ def s> 
<g i d=" pl ay" > 
<! - -  i d pl ay i s  equi val ent  of  scene ‘ pl ay’  i n Fl ash appl i cat i on- - > 
 
<g i d=" backgr ound"  > 
<r ect  x=" 0"  y=" 0"  wi dt h=" 550"  hei ght =" 400"  st y l e=" f i l l : r gb( 0, 0, 0) " / > 
<i mage x=" 0"  y=" 0"  wi dt h=" 550"  hei ght =" 400"  
x l i nk: hr ef =" backgr ound. j pg" / > 
</ g> 
 
<use x l i nk: hr ef =" #f l ash" / > 
<use x l i nk: hr ef =" #cur sor " / >   
<use x l i nk: hr ef =" #hor i zLi ne" / > 
<use x l i nk: hr ef =" #ver t Li ne" / >   
<cur sor  i d=" t heCur sor "  x=" 0"  y=" 0"  x l i nk: hr ef =" t r ans. png"  / > 
<g cur sor =" ur l ( #t heCur sor ) " > 
<r ect  i d=" t r acker "  x=" 0"  y=" 0"  wi dt h=" 100%"  hei ght =" 100%"  opaci t y=" 0"  
onmousemove=" updat eCur sor ( evt ) "  onmousedown=" f i r e( evt , 1) "  
onmouseup=" f i r e( evt , 2) "  / >    
<a: audi o x l i nk: hr ef =" sound/ r i f l eshot echo. wav"  
begi n=" t r acker . mousedown" / > 
</ g> 
 
<g i d=" backBut t on"  onmousedown=" enabl ePl ay( evt , 0) " >  
<a x l i nk: hr ef =" " > 
<el l i pse i d=" but t on"  cx=" 70"  cy=" 30"  r x=" 60"  r y=" 20"  f i l l =" bl ack"  
opaci t y=" 0. 5" > 
<set  at t r i but eName=" f i l l "  t o=" ur l ( #bl ack- whi t e) "  begi n=" mouseover "  
end=" mouseout " / > 
<set  at t r i but eName=" f i l l "  t o=" ur l ( #whi t e- bl ack- whi t e) "  
begi n=" mousedown"  end=" mouseout " / > 
</ el l i pse> 
 <t ext  x=" 70px"  y=" 36px"  t ext - anchor =" mi ddl e"  
st y l e=" f i l l : yel l ow" > 
Back 
</ t ext >  
</ a>   
</ g> 
 
<g i d = " t ar get " > 
<use x l i nk: hr ef =" #out er "  onmousedown=" addScor e( evt ,  25) " / > 
<use x l i nk: hr ef =" #mi ddl e"  onmousedown=" addScor e( evt ,  50) " / > 
<use x l i nk: hr ef =" #bul l "  onmousedown=" addScor e( evt ,  100) " / > 
<a: audi o x l i nk: hr ef =" sound/ shot gun. wav"  begi n=" mousedown" / > 
<set  at t r i but eName=" vi s i bi l i t y"  t o=" v i s i bl e"  begi n=" st ar t 1. end"  / > 
<set  at t r i but eName=" vi s i bi l i t y"  f r om=" vi s i bl e"  t o=" hi dden"  
begi n=" mousedown"  end=" easy. c l i ck; har der . c l i ck; har d. c l i ck" / > 
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<ani mat eMot i on i d=" st ar t 1"  pat h= " M - 50, 250 L 600, 250"   
begi n=" 0s; easy. c l i ck; har der . c l i ck; har d. c l i ck; st ar t 1. end"  dur =" 6s"  
r epeat Count =" 1"  onend=" t ar get sLef t ( evt ) ; t r aver se( evt ) " > 
</ ani mat eMot i on> 
</ g> 
<use x l i nk: hr ef =" #di spl ay" / > 
</ g><! - -  end of  pl ay- - > 
<g i d=" i nt r o"  > 
<! - -  i d i nt r o i s  equi val ent  of  scene ‘ i nt r o’  i n Fl ash appl i cat i on- - > 
<set  i d=" i nt r oVi s"  at t r i but eName=" vi s i bi l i t y"  f r om=" vi s i bl e"  
t o=" hi dden"  begi n=" easy. c l i ck; har der . c l i ck; har d. c l i ck"  
onend=" i nt r oVi s i bi l i t y( evt ,  100) " / > 
<set  at t r i but eName=" vi s i bi l i t y"  f r om=" hi dden"  t o=" v i s i bl e"  
begi n=" but t on. c l i ck"  / > 
<r ect  x=" 0"  y=" 0"  wi dt h=" 550"  hei ght =" 400"  st y l e=" f i l l : r gb( 0, 0, 0) " / > 
<a: audi o x l i nk: hr ef =" sound/ cockgun. wav"  
begi n=" t ar get Pi ct ur e. mouseover " / > 
 
<g i d=" t ar get Pi ct ur e" > 
<use x l i nk: hr ef =" #ci r c l es"  t r ansf or m=" t r ansl at e( 275, 280) "  / >  
</ g> 
 
<g i d=" easyEl l i p"  onmousedown=" enabl ePl ay( evt , 1) " >  
<a x l i nk: hr ef =" " > 
 <el l i pse i d=" easy"  cx=" 100"  cy=" 358"  r x=" 60"  r y=" 20"  
f i l l =" bl ue" > 
    <set  at t r i but eName=" f i l l "  t o=" ur l ( #bl ue- whi t e) "  begi n=" mouseover "  
end=" mouseout " / > 
    <set  at t r i but eName=" f i l l "  t o=" ur l ( #whi t e- bl ue- whi t e) "  
begi n=" mousedown"  end=" mouseout ; mouseup" / >  
</ el l i pse> 
 <t ext  x=" 100px"  y=" 363px"  t ext - anchor =" mi ddl e"  
st y l e=" f i l l : r gb( 102, 204, 102) ; f ont - f ami l y: Ti mes New Roman" >Easy</ t ext > 
</ a> 
</ g> 
 
<g i d=" har der El l i p"  onmousedown=" enabl ePl ay( evt , 2) " > 
<a x l i nk: hr ef =" " > 
 <el l i pse i d=" har der "  cx=" 275"  cy=" 358"  r x=" 60"  r y=" 20"  
f i l l =" bl ue" > 
    <set  at t r i but eName=" f i l l "  t o=" ur l ( #bl ue- whi t e) "  begi n=" mouseover "  
end=" mouseout " / > 
    <set  at t r i but eName=" f i l l "  t o=" ur l ( #whi t e- bl ue- whi t e) "  
begi n=" mousedown"  end=" mouseout ; mouseup"  / > 
</ el l i pse> 
 <t ext  x=" 275px"  y=" 363px"  t ext - anchor =" mi ddl e"  
st y l e=" f i l l : r gb( 102, 204, 102) ; f ont - f ami l y: Ti mes New 
Roman" >Har der </ t ext > 
</ a> 
</ g> 
 
<g i d=" har dEl l i p"  onmousedown=" enabl ePl ay( evt , 3) " > 
<a x l i nk: hr ef =" " > 
 <el l i pse i d=" har d"  cx=" 450"  cy=" 358"  r x=" 60"  r y=" 20"  
f i l l =" bl ue" > 
    <set  at t r i but eName=" f i l l "  t o=" ur l ( #bl ue- whi t e) "  begi n=" mouseover "  
end=" mouseout " / > 
    <set  at t r i but eName=" f i l l "  t o=" ur l ( #whi t e- bl ue- whi t e) "  
begi n=" mousedown"  end=" mouseout ; mouseup" / > 
</ el l i pse> 
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 <t ext  x=" 450px"  y=" 363px"  t ext - anchor =" mi ddl e"  
st y l e=" f i l l : r gb( 102, 204, 102) ; f ont - f ami l y: Ti mes New Roman" >Har d</ t ext > 
</ a> 
</ g> 
 
<g i d=" scor eOf Last Game"  st y l e=" f i l l : r gb( 255, 255, 255) " > 
<t ext  i d=" scor eLabel Last "  x=" 310"  y=" 50"  >Scor e of  l ast  game</ t ext >   
<use x l i nk: hr ef =" #scor e" / > 
</ g> 
 
<t ext  i d=" i nst r uct i ons"  x=" 275px"  y=" 70px"   s t y l e=" f i l l : r gb( 0, 0, 255) "  
t ext - anchor =" mi ddl e"  opaci t y  = " 0. 2" > 
<ani mat e at t r i but eName=" opaci t y"  f r om=" 0. 2"  t o=" 1"  
begi n=" 0s; but t on. mousedown"  dur =" 2s"  f i l l =" f r eeze" / > 
<t span> 
Wel come t o <t span st y l e=" f i l l : r gb( 255, 0, 0) " > 
 Bul l seye! !  
</ t span> 
</ t span> 
<t span x=" 275"  dy=" 1em" > 
Pl ease sel ect  your  l evel  of  di f f i cul t y ,  t hi s  wi l l  set   
</ t span> 
<t span x=" 275"  dy=" 1em" > 
t he speed,  di r ect i on and number  of  t ar get s.  
</ t span> 
<t span x=" 275"  dy=" 2em" >  
When a t ar get  ent er s t he scr een t he 1st  
</ t span> 
<t span x=" 275px"  dy=" 1em" >  
succesf ul  hi t  i s  t he onl y one t hat  count s,  so t r y 
</ t span> 
<t span x=" 275px"  dy=" 1em" >  
and hi t  t he <t span st y l e=" f i l l : r gb( 255, 0, 0) " > 
 bul l seye! !  
</ t span> 
</ t span>  
<t span x=" 275px"  dy=" 1em" >  
The cr osshai r  can be ai med wi t h mouse,  
</ t span> 
<t span x=" 275px"  dy=" 1em" >  
and i s  f i r ed by c l i ck i ng t he mouse.  
</ t span> 
<t span x=" 325px"  dy=" 3em"  t ext - anchor =" st ar t " >  
25 t ar get Scor e 
</ t span> 
<t span x=" 325px"  dy=" 1em"  t ext - anchor =" st ar t "  
s t y l e=" f i l l : r gb( 255, 255, 255) " >  
50 t ar get Scor e 
</ t span> 
 
 
<t span x=" 314px"  dy=" 1em"  t ext - anchor =" st ar t "  
s t y l e=" f i l l : r gb( 255, 0, 0) " >  
100 t ar get Scor e 
</ t span> 
</ t ext > 
</ g><! - -  end of  i nt r o- - > 
 
</ svg>      
<! - - end- - > 
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Appendix 8: Screenshots of ‘Bullseye’ . 

 

 
 

Introduction screen for ‘Bullseye’ , showing instructions and buttons for selecting the level of difficulty. 
 

 
Gameplay screen for ‘Bullseye’  showing crosshair, (moving) target and background bitmap 
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Appendix 9: Example of an encapsulated class in SVG: 

 
 
<def s> 
<g i d = " myCl ass" > 
 
<scr i pt  t ype=" t ext / ecmascr i pt "  ><! [ CDATA[  
 
        / /  di spl ays yel l ow f l ash 
        f unct i on showFl ash( evt )   {  
        f l ash = evt . t ar get . owner Document . get El ement ByI d( " f l ash" ) ;  
        f l ash. set At t r i but eNS( nul l ,  " v i s i bi l i t y" ,  " v i s i bl e" ) ;   
        r et ur n;             
        }  
        / /  hi des yel l ow f l ash 
        f unct i on hi deFl ash( evt )   {  
        f l ash = evt . t ar get . owner Document . get El ement ByI d( " f l ash" ) ;  
        f l ash. set At t r i but eNS( nul l ,  " v i s i bi l i t y" ,  " hi dden" ) ;           
        }  
 
    ] ] ></ scr i pt > 
 
<ci r c l e i d=" f l ash"  cx=" 275"  cy=" 200"  r =" 30"   
s t y l e=" f i l l : r gb( 255, 255, 0) ; st r oke: ur l ( #r ed- yel l ow- r ed) ; st r oke-
wi dt h: 5"  v i s i bi l i t y=" hi dden" / > 
 
</ g> 
</ def s> 
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Appendix 10: Manipulating the DOM: 

Example of generating multiple instances of an object in SVG by manipulating the 
DOM 
(standard headers are removed) 
/ / t he f ol l owi ng code cr eat es an i nst ance of  a ‘ Bul l seye’  
        
        f unct i on makeTar get ( evt )   {  
/ /  pl ace new t ar get  i n r andom posi t i on 
        cent r eX = Mat h. r andom( )  *  550;  
        cent r eY = Mat h. r andom( )  *  400 
/ / cr eat  out er  c i r c l e 
        r adi us = 38;  
        col our  =  " f i l l : bl ue" ;   
        makeCi r c l e( evt ) ;  
/ / cr eat e mi ddl e c i r c l e 
        r adi us = 25;  
        col our  =  " f i l l : whi t e" ;   
        makeCi r c l e( evt ) ;  
/ / cr eat e bul l  
        r adi us = 14;  
        col our  =  " f i l l : r ed" ;   
        makeCi r c l e( evt ) ;     
        }                              
 
        f unct i on makeCi r c l e( evt )  {  
            i f  (  wi ndow. svgDocument  == nul l  )  
                svgDocument  = evt . t ar get . owner Document ;  
            var  shape = svgDocument . cr eat eEl ement NS( svgns,  " c i r c l e" ) ;  
            shape. set At t r i but eNS( nul l ,  " cx" ,  cent r eX) ;  
            shape. set At t r i but eNS( nul l ,  " cy" ,  cent r eY) ;  
            shape. set At t r i but eNS( nul l ,  " r " ,   r adi us) ;  
            shape. set At t r i but eNS( nul l ,  " s t y l e" ,  col our ) ;            
            svgDocument . document El ement . appendChi l d( shape) ;  
        }  
/ / t he f ol l owi ng code cal l s  t he above code 
    ] ] ></ scr i pt > 
<def s> 
<g i d = " i nst r uct i ons"   
<t ext  x=" 275px"  y=" 383px"  t ext - anchor =" mi ddl e"  
st y l e=" f i l l : r gb( 0, 0, 0) ; f ont - s i ze: 16;  f ont - wei ght : bol d; f ont -
f ami l y: Ti mes New Roman" >Cl i ck t he r ect angl e r epeat edl y t o cr eat e 
mul t i pl e i nst ances of  a ‘ Bul l seye’ </ t ext > 
<t ext  x=" 275px"  y=" 23px"  t ext - anchor =" mi ddl e"  
st y l e=" f i l l : r gb( 0, 0, 0) ; f ont - s i ze: 18;  f ont - wei ght : bol d; f ont -
f ami l y: Ti mes New Roman" >Cr eat e Obj ect  by mani pul at i ng t he DOM</ t ext > 
</ g> 
 
<g i d = " c l i ckabl eRect angl e"  onmousedown=" makeTar get ( evt ) " >  
<a x l i nk: hr ef =" " >  
<! —cr eat e a l i ght  gr ay r ect angl e over  t he whol e v i ewbox on whi ch t o 
c l i ck �  
<r ect  x=" 0"  y=" 0"  wi dt h=" 100%"  hei ght =" 100%"  st y l e=" f i l l : r gb( 0, 0, 0) "  
opaci t y  =" 0. 1"  / >  
</ a> 
</ g> 
</ def s> 
<use x l i nk: hr ef =" i nst r uct i ons" / > 
<use x l i nk: hr ef =" c l i ckabl eRect angl e" / > 
</ svg> 
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Appendix 11: Heur istics and scenar io for exper t evaluation 

 
Evaluation of Bullseye applications 

 
Additional notes to evaluator: please conduct an expert review of the applications at 
http://www.jekenelwin.demon.co.uk/napier/web/game/flash 
 and http://www.jekenelwin.demon.co.uk/napier/web/game/svg, after an initial 
examination of the applications read the scenario and review the tasks that will be 
undertaken with respect to each heuristic. Please note any problems, along with the 
appropriate heuristic below. Assign a value of 1 to 3 to each problem, 1 being minor, 
3 being severe. Also note any comments and proposed solutions. It is appropriate e to 
conduct the evaluation in both a relative and absolute manner. That is the applications 
can be evaluated against an absolute standard of acceptability that you as usability 
experts have. Additionally the applications can be evaluated with respect to each 
other, especially where any differences are significant. 
Please remember that is it the overall usability of the formats (Flash and SVG) that is 
being evaluated, not the entertainment value of the game. 
To ensure consistency please use a computer with Adobe SVG viewer 3 and a 
computer with approximately 1GHz processing power and at least 256Mb memory. 
 
Many thanks for your help 
 
Harry Elwin 02000113@napier.ac.uk 
 
Scenar io: 
 
Stuart, a senior executive in a stockbroking firm, likes to relax by playing computer 
games. One of his favourites is ‘Bulls Eye’ . One evening he arrives home after a 
difficult day, sits down at his computer and loads ‘Bulls Eye’ . 
 
Stuart reads the brief introduction/instructions, explaining how to play the game and 
that there are three levels of difficulty: 
 

·  Easy; 5 targets traverse the screen over a period of approximately a minute, 
always from left to right. 

·  Harder; 10 targets traverse the screen over a period of approximately a 
minute, from left to right then right to left and so on. 

·  Hard; 15 targets traverse the screen over a period of approximately a minute, 
randomly, from left to right or right to left and at increasing speeds. 

 
Stuart clicks the ‘Harder’  button. The screen shows a crosshair on a grass area with a 
target traversing from the left. Using the mouse Stuart adjusts the aim. He is aiming at 
a target that traverses the screen from left to right. Stuart, at a point of his choosing 
clicks the mouse to fire. 
 
If the aim is correct the target is hit. Stuart aims well and hits the circle adjacent to the 
bull (making a sound) scoring 50 points. Already the next target is traversing from the 
right; Stuart aims and fires again. After 10 targets have traversed the screen, the game 
returns to the initial display, which also shows the score of the previous game. 
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Heur istics: 
 

1. Application should render  within a reasonable time (that is download and 
display initial screen). 

2. Application should operate sufficiently smoothly that it does not affect the 
user exper ience. 

3. Application should respond to user input correctly. 
4. User should remain in control. 
5. Match between system and real world: the application should use natural 

language, making information appear in a natural flow. 
6. The user should at all times be clear as to what they are expected to do, 

including using a help facility or similar. 
7. Minimalist design: site should be simple, in order to minimize memory load 

and make use of recognition rather than recall (users should not have to 
remember information from one part of the site to another), every word should 
count. 

8. Consistency: the same conventions for style and layout should be used 
throughout the site. 

9. Progressive levels of detail: more general information should appear before 
detailed information, so the user can delve only as deeply as is wished. 

 
Heuristics 1 to 4 are highlighted as they are directly related to the format. The 
remainder relate more to the interface design, but are included to ensure that faults 
related to the format are isolated from interface design issues.  
 
 
Noted problems: with comments, severity rating and any solutions. 
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Appendix 12: Task list for  user evaluation. 

 
·  Evaluation to be supervised with supervisor asking the user questions. 
·  Supervisor to make clear to user that it is the applications not the user that is 

being evaluated. 
·  Evaluation to be conducted with users who have no prior knowledge of the 

applications, if resources permit at least 1 evaluation on a computer with 
ASV2 installed.   

 
Date conducted      /    /     
Supervised by    ……………………… 
Task list for computer with ASV2: 

1.  User to be invited to play both versions of ‘Bullseye’  by selecting appropriate 
options in the website at 
http://www.jekenelwin.demon.co.uk/napier/web/game/, (observe reaction to 
error messages). 

2. User to be invited to resolve ASV2 problem. (prompt and guide user as 
necessary to install ASV3 or ASV6). 

3. Invite user to play both games at all levels of difficulty, noting any problems 
the user encounters or any comments made. 

 
Task list for computer with ASV3 or 6: 

1. User to be invited to play both versions of ‘Bullseye’  by selecting appropriate 
options in the website at 
http://www.jekenelwin.demon.co.uk/napier/web/game/, (observe reaction to 
error messages). 

2. Encourage user to play both games at all levels of difficulty, noting any 
problems the user encounters or any comments made. 

 
 
Questions to ask during the evaluation: 

1. Did the game download quickly enough? 
2. What are you trying to do? 
3. Is the game functioning as you anticipated? 
4. Are the graphics smooth? 

 
Questions to ask after the evaluation: 

1. What was the best and the worst aspects of the games? 
2. Did you find the tasks manageable? 
3. Did you prefer playing the SVG or the Flash version of ‘Bullseye’? 
4. Please, if possible, expand on your last answer. 

 
Please complete the evaluation form on the website (this will provide additional 
reference material). 
 
Be sure to thank the user. 
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Appendix 13: Results of User Evaluation. 

User 1. 
User evaluation conducted on Windows computer with ASV2 and Flash 6 installed: 
User Jackie Elwin. 

 
Errors on load: 

 

Errors on load: 

 
Errors on load: 

 

If manage to start game: 

 
 

Comments from user when trying to run SVG application: 
‘ really annoying’  
‘ the game is unplayable’  
‘no idea what to do next’  
 
Comments when trying the Flash version: 
‘ it worked’  
‘graphics good’  
 
Overall this user preferred the Flash version as it worked. Whereas the SVG version 
gave meaningless (to the user) error messages. This had the overall effect of totally 
discouraging the user from investigating the problem. 
 
User 2. 
User evaluation conducted on Windows computer with ASV3 and Flash 7 installed: 
User Juliet Miller. 
 
In this evaluation the user was able to load both games easily. When asked the user 
noticed no real differences between the versions. The behaviour of the rollover 
buttons and the crosshair (as identified in the expert evaluation) in the SVG version 
was pointed out. The user had noticed these problems, but they had not interfered with 
their ability to use the application. 
 
User 3. 
User evaluation conducted on Windows computer with ASV3 and Flash 7 installed: 
User Yaseen Razak. 
 
In this evaluation the user did notice that the SVG version had problems with the 
rollover buttons and the crosshair behaviour. They were described as a ‘bit nippy’ , but 
not an impediment to using the application. When playing the Flash version the user 
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quickly observed that neither of these problems occurred and described the crosshair 
behaviour as ‘much better’ .    
 
User 4. 
User evaluation conducted on Windows computer with ASV3 and Flash 7 installed: 
User Rhuari Blair. 
 
The user clearly noticed, but did not comment until prompted on the problems with 
the rollover buttons or the crosshair behaviour. When prompted the used said that the 
problems were not intrusive. The user further observed that the crosshair problem was 
alleviated by the fact that the game played different sounds according to whether the 
target was hit or missed upon firing. 
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Appendix 14: Heur istics and scenar io for Evaluation website. 

 
Evaluation of Bullseye website 

 
Additional notes to evaluator: please conduct an expert review of the website at  
http://www.jekenelwin.demon.co.uk/napier/web/game/, after an initial examination of 
the site has been conducted read the scenario and review the tasks that will be 
undertaken with respect to each heuristic. Please note any problems, along with the 
appropriate heuristic below. Assign a value of 1 to 3 to each problem, 1 being minor, 
3 being severe. Also note any comments and proposed solutions.  
 
Many thanks for your help  
 
Harry Elwin 02000113@napier.ac.uk  
 
Scenar io: 
 
Sarah, a final year student at Napier University, has decided to assist in the evaluation 
of Harry Elwin’s MSc project. The computer she is using has Flash player 6 installed, 
but no SVG viewer. She visits the site at 
http://www.jekenelwin.demon.co.uk/napier/web/game/ and by following the on 
screen instructions she completes the evaluation. 
In undertaking the evaluation Sarah carries out the following tasks: 

·  Playing the Flash game at all levels of difficulty. 
·  Establishing that she has no SVG viewer and by using the ‘FAQ’ page and the 

‘Links’  page proceeds, via external links to install a SVG viewer (N.B. the 
external links and installation process are out with the scope of this 
evaluation). 

·  Playing the SVG game at all levels of difficulty. 
·  Completing and submitting the evaluation form 

 
 
Heur istics: 
 

1. Match between system and real world: the website should use natural 
language, making information appear in a natural flow. 

2. The user should at all times be clear as to what they are expected to do, 
including using a help facility or similar.  

3. User should remain in control, is it easy to return to the home page? Is it clear 
where in the site the user is? 

4. Accessibility: layout should be suitable for users with special visual needs 
such as colour blindness.  

5. Minimalist design: site should be simple, in order to minimize memory load 
and make use of recognition rather than recall (users should not have to 
remember information from one part of the site to another), every word should 
count. 

6. Consistency: the same conventions for style and layout should be used 
throughout the site. 
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7. Progressive levels of detail: more general information should appear before 
detailed information, so the user can delve only as deeply as is wished. 

10. Contact: the site should offer suitable and clear opportunity to make further 
inquiries by methods such as e-mail. 

11. The site should be accurate: all links should work, no out of date information 
should be displayed. 

 
 
Noted problems: with comments, severity rating and any solutions. 
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Appendix 15: Expanded comments on SVG development environments. 

 
Comments: 

 
JASC Webdraw: a commercial product, which operates natively in SVG, 
offers an interface in the style of a proprietary graphic package such as 
Photoshop. Available from http://www.jasc.com/products/webdraw/ Price 
$179 (£97 12/01/04). 

 
1. Can draw circles in an intuitive manner, but cannot manipulate DOM to 

ensure bull is visible and the other 2 circles are behind the bull in the 
correct order. Moving objects on the screen (by dragging or keyboard 
arrow press) is interpreted as a Transform translate attribute. This produces 
unnecessarily complex code. Unless circles drawn in correct order for the 
DOM source code editing skills are required. Task 1 is a Fail. 

2. Able to achieve this, using the help facility, with no need to edit the source 
code. Task 2 is a Pass. 

3. No mechanism to insert script, except via source code option, does not 
recognise ‘onend’ attribute. No reference to script in help. Task 3 is a Fail. 

4. Able to achieve this with little difficulty. Task 4 is a Pass. 
5. Able to achieve this with little difficulty. URL is entered via a dialogue 

box. Task 5 is a Pass. 
6. Able to enter text and set colour, bold, italic and font attributes. However 

cannot change an attribute to a single word in a sentence. As with task 1, 
moving the object on screen produces complex code. Task 6 is a partial 
Pass. 

7. Did not recognise much of the script and attribute tags in the file and 
would not even partially open the file. Task 7 is a Fail.  

 
CorelDRAW: a commercial product, which port SVG (that is it offers a ‘save 
as’  SVG option and cannot open SVG files). Available from 
http://www.corel.com/ Price $429 (£233 12/01/04) 

 
1. Can draw circles and rearrange order to ensure visibility of the bullseye, 

unable to edit source code. However saved SVG file has clean code with 
no unnecessary Transform translate attribute. Task 1 is a Pass. 

2. No apparent support for translation over time. Task 2 is a Fail. 
3. No apparent support for including script. Task 3 is a Fail. 
4. Creating an ellipse and adding a fill is straightforward. Editing the fill to 

the exact style required is complicated. Task 4 is a partial Pass. 
5. URL can be entered via a dialog box. Task5 is a Pass. 
6. Able to enter text and set colour, bold, italic and font attributes and 

attributes individual of individual words can be altered. However the SVG 
file saves the text as glyphs (that is paths defining the shapes of the 
characters) not as an SVG text element. This loses some of the 
accessibility of the SVG file by making the text much more difficult to 
search for. Additionally any file with a lot of text would be extremely 
complex and potentially large. Task 6 is therefore a Fail. 
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7. When opening a version of ‘Bullseye’  an ‘ I/O’  error alert box is displayed 
and the file is not opened. Task 7 is a Fail 

 
SodiPodi: a zero cost open source project which claims to support most of the 
SVG1.0 standard http://www.sodipodi.com/) 

 
1. Can draw circles, in reasonably intuitive manner (interface is in the multi 

palette style of the ’GIMP’  (an open source Graphics program) once the 
interface has been learnt. The DOM can be manipulated via an XML text 
editor, which gives access to individual elements and attributes not the 
plain code. Code produced is unnecessarily complex. Task 1 is a Pass. 

2. Animation of any kind is not implemented in SodiPodi. Task  is a Fail. 
3. No support for script appears to be provided. Task 3 is a Fail. 
4. Creating an ellipse and adding a fill is straightforward. Editing the fill to 

the exact style required is complicated. Task 4 is a partial Pass. 
5. URL can be entered via a dialog box. Task5 is a Pass. 
6. Able to enter text and set colour, bold, italic and font attributes. However 

cannot change an attribute to a single word in a sentence. As with task 1, 
moving the object on screen produces complex code. Task 6 is a partial 
Pass. 

7. Able to load a version of ‘Bullseye’ , however the XML editor did not 
recognise the existence of script, so that element could not be modified. 
Task 7 is a partial Pass. 

 
SViGio: a zero cost simple graphics program primarily for creating UML 
diagrams http://www.davidputman.co.uk/svigio/  

 
1. Program is able to draw circles and they can be aligned to form a target, 

however the radius cannot be precisely determined by entering the radius 
in a dialog box or can the source code be edited. It is also possible to move 
elements to the front or back of a collection. The SVG code produces was 
satisfactory. Task 1 is a partial Pass. 

2. This can be achieved, however each element has to be animated separately 
as they cannot be grouped, which is a limitation and produces poor SVG. 
Task 2 is a partial Pass. 

3. There is no support for script. Task 3 is a Fail. 
4. Whilst an ellipse can be drawn there is no support for gradient fill. Task 4 

is a Fail. 
5. There is no support for hyperlinks. Task 5 is a Fail. 
6. Text can be entered, but only within a shape. This limitation (and the other 

problems with this application) is due to the fact that this is a specialist 
application for making UML diagrams and as such it does not require 
advanced features. Task 6 is a partial Fail 

7. There is no facility to load SVG files. Test 7 is a Fail. 
 

EvolGrafix XStudio 2: claims to be a fully featured authoring environment, 
available from http://www.evolgrafix.com/ Price � 499 (£345 12/01/04) 
 
1. Able to create 3 circles and assign each an ID the elements can be moved 

from front to back, which the application interprets as DOM manipulation. 
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The elements can be grouped and assigned an ID. The code is elegant, 
however unnecessary translations do occur. Task 1 is a Pass. 

2. It is possible to make the target traverse the viewBox, however some 
understanding of SVG is helpful as the process is not intuitive. Task 2 is a 
partial Pass. 

3. It is possible to insert script directly into the source code editor and the 
application saved the code with no error messages. There is also an 
interface that allows for insertion of script which the application then 
writes to the source code. Task 3 is a Pass.  

4. This is straightforward; applying a fill can be done with little difficulty. 
Task 4 is a Pass. 

5. This task is straightforward, although applying a ‘ target’  tag is not possible 
except via the source code. Task 5 is a Pass. 

6. Able to enter text and set colour, bold, italic and font attributes. However 
cannot change an attribute to a single word in a sentence. Task 6 is a 
partial Pass. 

7. Succeeded in opening the ‘Bullseye’  application no apparent problems in 
the display, additionally the source code is displayed correctly and editable 
and any changes are saved correctly. Task 7 is a Pass. 

 
Adobe I llustrator  10: commercial vector graphics creation product, however 
does not offer true native SVG support. 

 
1. Able to create circles, manipulate their on screen order. However when 

saved the circles are saved as SVG ‘path’  elements not as ‘circle’  
elements, this produce poor and complex SVG code. Task 1 is a partial 
Pass. 

2. There is a facility in Illustrator to add JavaScript, but not SVG’s own 
interactivity features. Task 2 is a Fail. 

3. This is theoretically possible, but as task 2 cannot be attempted, then Task 
3 by default fails. 

4. Creating an ellipse with a gradient fill is straightforward. Task 4 is a Pass 
5. There is no facility to attach a hyperlink. Task 5 is a fail. 
6. Text with different attributes was entered easily. Task 6 is a pass. 
7. Illustrator failed to open ‘Bullseye’ . Illustrator can open SVG files that 

have been created by Illustrator, however such files are filled with a lot of 
additional information, which significantly increases file size (from 4kb to 
250kb in the case of Task 1). The effectively negates many of the benefits 
of SVG. Task 7 is a Fail. 

 
Adobe Illustrator 10 has recently superseded by Illustrator CS, available from 
http://www.adobe.com/products/illustrator/ $499 (£276 16/01/04). Illustrator 
CS claims to offer support for SVG primitives, this may resolve the problem 
of always using ‘paths’  elements and should see ‘circle’  and ‘ rect’  elements 
used where appropriate. However no further SVG integration is specified 
(such as ability to view and edit source code or add SVG interactivity and 
animation). 
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Appendix 16: Expanded comments on SVG viewer plugins. 

 
 

·  Adobe SVG viewer  6: A beta development of the leading ASV3, which 
Adobe Systems claim supports most of the proposed SVG 1.2 standard 
(World Wide Web Consortium (5), 2003). ASV6 passed all the tests. 
Available from http://www.adobe.com/svg/viewer/install/beta.html  

 
·  Adobe SVG viewer  3: As discussed in the review of literature this is the 

most widely used SVG viewer, ASV3 passed all the tests except that in 
test 6 the cursor was not hidden Available from 
http://www.adobe.com/svg/viewer/install/main.html 

 
·  Adobe SVG viewer 2: An earlier version on the Adobe viewer, which a 

number of users have installed (often unknowingly) with another Adobe 
Systems product such as Adobe Acrobat Reader. It passed all the tests 
except for test 6 and as a result the game was unplayable. As a further 
consequence test 8 was a partial pass. In both cases unclear JavaScript 
error messages were given offering the user no alternative course of action. 
Available from http://www.adobe.com/svg/viewer/install/old.html  

 
·  Corel SVG viewer  2: The primary alternative to the Adobe viewers. The 

viewer appeared not to support simple SVG animation and only some 
JavaScript support. Where the task was not completed satisfactorily the 
viewer did not return any error message, potentially giving the user the 
impression that all is well when the rendering is incomplete. Available 
from http://www.smartgraphics.com/Viewer_prod_info.shtml  

 
·  Batik: An open source SVG browser, which operates on the Java 

platform. It is a browser, not a plugin and as such does not open HTML 
files so is ill suited to viewing integrated SVG on the Internet. 
Additionally there is no support for any animation whether SVG or 
JavaScript driven. Available from http://xml.apache.org/batik/ 

 
·  Amaya 8: A browser combined with an editor. An open source project by 

the W3C. It performed very poorly, but did give comprehensive, if 
technical, error messages. Available from 
http://www.w3.org/Amaya/Amaya.html 

 
·  Mozilla SVG project: An attempt to provide native support for SVG. It 

performed extremely poorly and gave no error messages. Whilst it 
purports to open SVG images it does not do so if they are embedded in an 
HTML page. Available from http://www.mozilla.org/projects/svg/ 
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