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Abstract. This paper will examine sustainability aspects of accessible information and communication technology for the private sector. First, the introduction highlights the current barriers against and drivers for barrier-free ICT.
Second, the ICT scope for the further examination will be declared. Common
accepted usability design clusters will be used to illustrate accessibility design
principles. Regarding the impact of barrier-free ICT on sustainability aspects,
three dimensions will be determined. For each dimension several positive effects, initiated by the implementation of accessible ICT, will be demonstrated.
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1 Introduction
With the latest information and communication technology (ICT), disabled people are
able to undertake a variety of tasks that would otherwise be difficult or impossible. They
have the opportunity to participate in everyday life as well as in daily business. However, this new quality of life is significantly dependent on enterprise decisions made at the
beginning of specific IT-projects. According to paragraph 11 of the equality act for
disabled people in Germany, carriers of public governance are compelled to design
barrier-free information technology (Department of justice 2007). Similar efforts can be
found in the legislative texts of e. g. the United Kingdom (Directgov 2010) or the United States (Department of justice 2009). Even though the abovementioned paragraphs
indicate, that the governments will work towards, to prevail on commercial enterprises
to design accessible IT, the current involvement seems nominal.
A study, executed by Bloor research in the year 2009, examined the current and
planned accessibility status of organizations’ ICT Systems. Referring to the 141 completed surveys, significant increases cannot be expected. Barriers to improve accessibility, mentioned by the participants, are illustrated in figure 1 (Abrahams 2009).
The poor support and commitment of the senior management results in an insufficient budget available for improving accessibility, which is in fact the reason for the
major lack of understanding / training and the inadequate condition of development
and testing tools.
M. Nüttgens et al. (Eds.): Governance and Sustainability in IS, IFIP AICT 366, pp. 89–102, 2011.
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Fig. 1. Barriers to improving accessibility1

In contrast, the aforementioned study also revealed important drivers to improve
accessibility, demonstrated in figure 22 (Abrahams 2009).

Fig. 2. Drivers to improve accessibility3
1

Self provided figure.
Data is based on an averaging of the original study.
3
Self provided figure.
2

Sustainability Aspects of Barrier-Free Information and Communication Technology

91

The minor importance of accessibility as a driver for cost -cutting and sales increases seems to be a decisive reason for the poor support and commitment of the
management level. Legal requirements and user productivity as the most frequently
mentioned drivers for accessibility do not seem to have a major impact on management decisions (Abrahams 2009).
This emphasizes the need to sensitize the management for the holistic advantageousness of an accessible IT-Infrastructure from an economic, ecological and social
point of view.

2 ICT Scope for Barrier –Free Design and Development
Within this paper the sustainability of barrier-free business application software will be
examined. Therefore business application software can be defined as a package of essential tools to increase efficiency and effectiveness of business processes by supporting
employees or customers and enabling parallelization, digitalization and automation of
business transactions (Verma 2009). Furthermore the examination will focus on enterprise websites as a communication channel to the customer and thus as an essential
platform for generating revenues. Within this article the presentation and process logic
of business applications and enterprise websites are of special importance.

3 Design Principles for Barrier –Free ICT
There are many types of disabilities which have a bearing on the development of
accessible ICT. Some of them are listed below (Galitz 2002):
•
•
•
•
•
•

Visual disabilities
Hearing disabilities
Physical movement disabilities
Speech or language disabilities
Cognitive disabilities
Seizure disorders

To regard all of these disabilities, several design principles have been compiled and
published.
As we mainly examine the sustainability of barrier-free ICT, the design principles
will only be explained briefly. Therefore the principles are aggregated into established
clusters of usability depicted in figure 3. This classification can be derived from various resources, concerning with usability engineering (W3C 2008; Agarwal et al.
2010; Lidwell et al. 2010; Lányi et al. 2007).
Perceptibility
Perceptibility implies that content presented on a website or within an application is
perceivable for every user regardless of his disability (Pühretmair, Miesenberger
2005). To fulfil this criterion, developers can integrate additional functionalities
like scalability or the two-channel principle. The latter is used to provide multiple
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Fig. 3. Clusters for accessibility design principles4

opportunities for the user to succeed a specific task (Wegge, Zimmermann 2007).
Furthermore the content can be enriched by alternative tags, which replenishes nontextual content with descriptions. Another crucial, often underestimated, criterion is
the colour contrast of content. Users with visual disabilities for example might have a
dyschromatopsia and therefore would not be able to differentiate between red and
green content. Imagine a top manager, afflicted with dyschromatopsia, reviewing
operating numbers that are represented in a usual traffic light-system.
Understandability
This criterion intends to make text content readable and understandable as well as to
make the application processes appear and operate predictable. Therefore developers
can for example programmatically determine the default language of the application
or label unusual words and abbreviations. A Screen-Reader, used by many disabled
people to read the content presented on a website or within an application, can only
help the user when text or text parts are labelled correctly.
To render application processes predictable to the user it is an advantage to highlight any focused components. Furthermore navigational mechanisms that are repeated on multiple web pages or application screens should be consistent if possible.
Components that share the same functionality should use a same identifier like a symbol or name (W3C 2008).

4

Self provided figure.
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Operability
To make applications operable for disabled people all functionality should be triggerable through a keyboard. Some people afflicted by physical movement disabilities are
not able to use a computer mouse. The only way for them to navigate through the
content of a web site or application is to use the tabulator-key of the keyboard. Focus
order and focus visibility are important and have to be considered. Hence, developers
should avoid keyboard traps, which would kill the operability at a stroke. Generally
the user should be provided with enough time to use, read and process the content.
Seizure disorders also have to be taken into account when developing a website or
application. So, rapidly flashing content should be avoided [0].
Technical robustness and technical openness
Website or application content must be robust enough, so that a variety of assistive
technologies can interpret the content reliably. Compatibility of current and future
technologies has to be ensured. In addition, fulfilling this principle prohibits redundant data and multiple versions. Special features of robust content are listed below
(W3C 2008):
•
•
•
•

Elements have complete start and end tags
Elements are nested according to their specifications
Elements do not contain duplicate attributes
Any ID’s are unique (specific exceptions allowed)

For detailed information on accessible designing principles the author references the
interested reader to the resources, mentioned above.
There are some more aspects, which might come into consideration, when designing accessible ICT, e.g. maintainability, efficiency, memorability, learnability. The
author decided only to describe the most frequently mentioned principles found in
literature (W3C 2008; Agarwal et al. 2010; Lidwell et al. 2010; Lányi et al. 2007), as
this paper mainly focuses on sustainability aspects of barrier-free ICT. Nevertheless,
these additional aspects can have impact on sustainability as well and therefore should
not be disregarded when designing accessible ICT.

4 Sustainability Aspects of Barrier –Free ICT
Information and communication technology is one of the most significant promoters
to sustainability in everyday life as well as in daily business. Due to ICT many
transactions, even whole processes, can be accomplished automatically or/and with
minimal effort. Besides economy that experienced a robust growth, environment and
society can be declared as beneficiaries as well (World economic forum 2009).
Therefore the following examination of the sustainability of accessible ICT will be
illustrated from a business economic, ecological and social point of view. These sustainability dimensions are derived from several sources, which cover a wide topic area
(Nga, Soo 2010; Madruga 2002; European commission 2001; Lehtonen 2004). Hence,
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the author applies these dimensions to append this topic to a familiar classification of
sustainability dimensions.
None of the following paragraphs can be regarded isolated. Instead they feature intermeshed fields, which can profit by implementing accessible ICT.
4.1 Business Economic Aspects
If we imply the purpose of running a business is to earn profit by supplying the demand of customers with products or services that are generated with optimal allocated
resources, under the consideration of competitors’ activities and stakeholders’
interests, then we can abstract a specific scope of data to measure the success of that
business5:
•
•
•
•

Market share
Image / Reputation
Costs
Revenues

The following examples will demonstrate how barrier-free ICT can positively impact
the abovementioned fields. Figure 4 provides a graphical overview of this section.

Fig. 4. Positive impacts of accessible ICT components6
5
6

No claim to completeness.
Self provided figure.
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Market share
The process of globalization significantly amplifies the national and international
competition for enterprises. As the supplement rises, customers find a variety of alternative products at lower prices. However, globalization also results in a rise of demand. Through ICT, products can be sold to any customer at any time around the
globe. Increasing market share becomes essential for enterprises to persist in such a
competitive landscape (Rüttimann 2007).
If we define an enterprise website as a firm’s representation on the Internet with
the opportunity to diffuse information, to acquire new customers and to offer and sell
products and services this would definitely be one efficient way to increase market
share.
Therefore the website must be available and accessible to as many Internet users as
possible. Worldwide there are about 650 million people with disabilities (United Nations enable 2007). Europe numerated approximately 500 Mio inhabitants in the year
2009 (Marcu 2009). 67.1 percent out of those 500 Mio inhabitants were declared as
working-age population (Eurostat 2010). 15.7 percent, respectively 52.7 Mio people
of that working population either have a long-standing health problem or a disability
(Eurostat 2003). Every fourth European declares, having a member of their family
affected by a disability (The European research Group’s 2001). Those people usually
are not able to use common inaccessible websites easily and thus approximately more
than a fifth of the spending power in Europe is not used efficiently. Figure 5 provides
a graphical presentation of the proportion between working-age population and
people with long-standing health problems or disabilities within that working-age
population.

Fig. 5. Proportion between working-age population and health problems/disabilities

All this data and the aforementioned fact, that many enterprises in the private sector still are quite reserved in terms of investing in accessible ICT, leads into one logic
consequence:
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To increase market share and to benefit from idle revenue potential, investing in
barrier-free ICT is a serious option.
Accessible ICT supports the realization of certain success factors crucial to a growth
in market share.
• Findability
Accessibility offers some inherent benefits for search engine optimization. Google,
MSN or Yahoo for example use specific rules called algorithms to find and rank
web sites. These algorithms could be the most frequent disabled user on a website.
They show some important behaviour, similar to these of certain disabled people.
Search Engine algorithms are blind, navigate with JavaScript disabled and stop
cold if a link is not operable. One of the principles of accessibility is to ensure, that
a blind user, who is unable to use Javascript, can navigate and understand the website. Therefore, fulfilling this accessibility principle increases the findability of a
website and thus can increase market share (Thatcher et al. 2006).
• Customer Satisfaction
As nowadays “Time is Money”, customers always seek for the fastest, easiest and
most convenient way to fulfil their tasks on the internet. Accessible websites or applications provide a properly written source code. Therefore the content structure is
optimized and enriched by specific tag words, which help the user to find and understand content more comfortable (Clark 2002). As the development of accessible
websites / applications considers and evaluates criteria like, the font size, colour
contrasts, text colours and more, the perceptibility for the customer is improved.
Furthermore, the customer is able to adapt the website or application to its requirements. By optimizing content structures, the loading time reduces as well and
thereby helps the customer to complete activities faster (Thatcher et al. 2006). In
addition accessible websites / applications provide more fault-tolerant search engines. Hence, the user is able to fulfil specific tasks more efficiently, e.g. searching
the content (IBM 2009). Finally, barrier-free websites / applications offer a high
grade of technical robustness respectively technical openness. This means the customer is able to operate within the system by different devices or web browsers.
All of these features refer to a software ergonomic nature. A customer satisfaction
survey examined the importance of customer requirements for QFD-software7. The
results of this survey are illustrated in figure 6 (Herzwurm et al.1997). Software
ergonomics were stated as one of the most important software requirements for
customers. Besides, accessible ICT affects additional software requirements, mentioned in figure 6, e. g. visualization, individual adaptability, interpretation or data
exchange with other programs.
Summarizing, accessible ICT can have a major impact on customer satisfaction.
• Conversion rate
As the website can generate more satisfied users, some of them might remember
the website and return to it. Over time the conversion rate could increase and the
customer base could be expanded.
7

Quality function deployment software.

Sustainability Aspects of Barrier-Free Information and Communication Technology

97

Fig. 6. Customer requirements for QFD-software (Herzwurm et al. 1997)

• Device independence
As mentioned in chapter 3, accessible websites / applications provide a higher
grade of technical robustness and openness. So, the access to the website / application is available for more browsers and devices, e.g. Safari Browser and Apple
iphone. Therefore more customers with various technologies are able to use the
website / application efficiently (Thatcher et al. 2006).
Image / Reputation
Providing accessible ICT will affect in a positive image and a growth in reputation, as
the enterprise attends to the interests and needs of disabled people and thus considers
inherent social desires of people without disabilities (OneVoice 2010). From a strategic point of view, accessible ICT provides to fulfil Corporate Social Strategy (CSR)
objectives, which are essential to improve an enterprises’ image and reputation within
the society (De Andrés et al. 2009).
Costs
Investing in accessible ICT often results in improved technical performance. Many
organizations can realize direct cost savings by improving their technical performance
through barrier-free ICT (Thatcher et al. 2006). Some of the cost savings are listed
below (Thatcher et al. 2006).
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• Personnel costs
Efforts for maintenance are reduced when implementing accessible ICT, as redundant data and multiple versions of the website / application are avoided. As mentioned in Chapter 3, a major goal of the principle “technical robustness / technical
openness” is to prohibit these flaws.
• Server capacity
Accessibility reduces server loading and thus saves on additional server costs by
decreasing the need of server capacity. The optimized content structure provides
more efficient server workloads.
• Management of multiple versions
The need for creating multiple versions for different devices decreases by implementing accessible ICT, as the technical robustness and openness, mentioned in
chapter 3, is a key principle. This relates to the aforementioned paragraph “personnel costs” as maintenance activities decrease with only one operating version.
• Cost of upgrading
The cost of upgrading to new technologies decreases, as accessibility takes advantage of advanced technologies and is prepared for future technologies. This is also
included in the principle “Technical robustness and openness”, listed in chapter 3.
The cost criterion also contains additional aspects, mentioned in chapter 3, like maintainability or efficiency. These aspects can greatly benefit by investing in accessible
ICT and might have a major affect on ICT costs.
Revenues
The revenue potential can increase by the improvement of abovementioned fields.
Increasing market share and reputation will expand the customer base and raise revenues, while simultaneously will ensure a major constant liquidity. Cutting direct costs
through accessible ICT enables the enterprise to optimize allocation of financial resources and to transfer them to promising business units.
4.2 Ecological Aspects
Citizens of developed countries, in their role as consumers, are becoming increasingly
aware of problems associated with the deterioration of the environment due to the
functionality of the market. As a result they exhibit preferences for green products
and processes, revealed in an increased willingness to pay for them (García-Gallego,
Georgantzís 2011). “The code of conduct” on data centres energy efficiency, published by the European institute for energy, reveals the environmental problems of
increasing energy consumption. According to that article, it is extremely recommended to optimize power distribution, cooling infrastructure, IT equipment and IT output
to increase energy efficiency and thereby to minimize energy consumption (Institute
for energy 2008).
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Accessible ICT reduces traffic and server capacities, by providing an optimized data and process structure. Thus energy consumption will deplete (Djokic 2010). Additionally, accessible ICT decreases location bound operations for everyone. This can
result in a lower use of technologies causing CO2 emissions. Implementing barrierfree ICT is one step to transport a firms’ ecological awareness to the consumer.
4.3 Social Aspects
Accessible ICT provides many social aspects, especially for people with disabilities.
To participate in everyday life as well as in daily business is a crucial key factor for
disabled people to be equally acknowledged within the society. But not only disabled
people can benefit from accessible ICT. Therefore some hypotheses will be constructed in the following paragraphs:
• Workforce potential increases
Enterprises that offer an accessible working environment will be able to choose
their employees from a major pool. Expertise of older, experienced people as well
as disabled “hidden potentials” can be acquired and deployed as valuable manpower. Accessible ICT makes the work more comfortable and reduces illnesses / injuries related to a software ergonomic nature. Older and disabled people do both
benefit from this. Especially the principles “perceptibility” and “operability”
provide the appropriate criteria, which will be stated in the paragraph “labour
conditions increase”.
• Adaptation to demographic transition
By 2050, the proportion of the world’s population aged over 65 will be twice as
high as currently. Estimations illustrate an increase from 7.6% currently to 16.2%.
This would make about 1 billion people aged over 65 (Standard & Poors 2010). In
contrast, the portion of people ages 16-24 is decreasing. Referring to a study, executed by “USA Today”, this age segment declined, from 66% in the year 2000, to
55% in the year 2010 (Cauchon 2010). This persistent tendency leads to a decreasing working-age population (Population reference bureau 2010). Enterprises have
to face a dwindling workforce potential, while the quantity of older personnel is
ascending. This circumstance requires specific adaptations of future business applications to fit the requirements of elderly employees and to prevent negative
health effects from the entire staff, induced by software usage. As mentioned in
section 4.1 accessible ICT improves software ergonomics and thereby provides
more comfortable working environments for elderly people as well as for disabled
people.
• Labour conditions increase
Improvements in labour conditions can be acquired for people with and without
disabilities. As we mentioned issues related to a software ergonomic nature before,
some examples for improving labour conditions, respectively software ergonomics
will be stated below:
─ Adjustments of font size
─ High contrasts
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Reduced loading times
Different colour schemes
Voice recognition and command
Touchscreen operation
Assistant / help functionalities
Error avoidance functionalities

Many more aspects of accessible websites / applications would improve labour
conditions.
• Gap between people with and without disabilities
According to a study concerning the American territory, executed by the Kessler
foundation, only 21% of disabled people are employed. In comparison, 59% of
people without disabilities have an employment. In terms of internet access, only
54% of people with disabilities can use the World Wide Web, while 85% of people
without disabilities are able to use this platform (Kessler, Catts 2010). Accessible
ICT will help to close this gap and will ensure equal conditions for disabled
people.

5 Conclusion
This article demonstrated the reluctance of enterprises when deciding about accessible
ICT. Drivers for and barriers against accessible ICT were identified. Application
software and enterprise websites were declared as the ICT Scope for the investigation.
Design principles for barrier-free ICT, sorted into usability clusters, illustrated opportunities to develop accessible ICT. Three dimensions of sustainability were defined
and the positive impact of accessible ICT on these dimensions was examined.
The current literature mainly covers the accessibility of web sites, so the author applied these sources. Nevertheless, the accessibility of applications can be derived from
these sources as well, as web applications are considered by the latest accessibility
requirements.
The inquiry showed that investing in accessibility can be worthwhile and wider
might be essential for enterprises to survive in the near future.
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