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Cross cultural differences and cultural sensitivities have not yet received much attention in the areas of accessibility, assistive technologies, and inclusive design and methods for working with disabled and older users. However it is important to consider the challenges of developing accessible and usable technologies for people with disabilities and older people in different cultural contexts. This chapter presents the background to the topic and then considers three particular issues in relation to the topic: the accessibility of interactive systems in the home and implications for emerging markets; the accessibility problems in relation to a multilingual society such as India; and finally, the issues of the cultural biases of the methods used when working with users within a user centered design lifecycle or a "double diamond" methodology, whether they are mainstream users, disabled or older users.

Introduction

The population of older people and people with disabilities is growing rapidly throughout the world, due to many complex changes in societies from decreasing birth rates to increasing survival rates from accidents and chronic health conditions. According to the World Health Organization (WHO), there are currently between 110 and 190 million people with substantial disabilities [START_REF]Disability and health fact sheet[END_REF] and approximately 901 million older adults (usually taken to be people aged 60 or older, although the definition itself varies from country to country and organization to organization), worldwide. The United Nations (UN) predicts that the population of older adults will increase to more than 2 billion by 2050 [2]. The UN also predicts that the number of older people will exceed the number of the young people, aged 15 or younger, for the first time in 2047. This change in the balance of older to younger people (known as the old age dependency ratio or the potential support ratio) has many consequences, one of them being that older adults and people with disabilities will need to live more independently, without as many people of working age to care for them. Many analysts and researchers [e.g. 3] believe that technology will provide at least a partial solution to this problem, allowing older adults to live in their own homes safely and independently for as long as possible and to give disabled people greater independence. While this may be a viable solution for some individuals in the wealthy, developed countries, for older and disabled people in many parts of the world, there are issues of affordability as well as accessibility and acceptability.

These demographic changes are worldwide phenomena, although different countries are experiencing them at different rates and in different ways. In addition, there are many cultural sensitivities and differences in attitudes to disability and old age, which have important implications for designing interactive systems for disabled and older people. However, designing for cultural diversity is an aspect of universal design and can increase the overall number of users and the usability of interactive systems for those users [START_REF] Marcus | SIG on one size fits all?: cultural diversity in user interface design[END_REF].

In this chapter we explore three particular issues in relation to the topic of cultural differences and accessibility: the accessibility of interactive systems in the home and implications for emerging markets; the accessibility problems in relation to a multilingual society such as India; and finally, the issues of the cultural biases of the methods used when working with users within a user centred design lifecycle or a "double diamond" methodology, whether they are mainstream users, disabled or older users.

Topic 1: Cultural differences and accessibility of interactive systems in the home

Major drivers for the greater use of technology in the home include an interest in greater comfort and entertainment, a desire to reduce and simplify effortful and repetitious tasks, a desire to increase personal safety, interest in monitoring one's physiological state, and a desire to improve communication with family and friends. While this comes at the price of more complexity of the functionality of household technologies, there is now an abundance of products to support these functions. Many of them use a computer and serve multiple purposes through an interactive user interface. Understanding the needs of people using such interactive systems is crucial to detect both cultural and accessibility requirements in everyday activities.

Mismatches between the language and cultural assumptions of designers and those of users may lead to inappropriate functionality and hence a lack of acceptance of technologies. As pointed out by Chavan et al [START_REF] Chavan | The washing machine that ate my sari -mistakes in cross-cultural design[END_REF], a very small error in the design of a washing machine for the emerging markets such as India, combined with a poor understanding of Indian clothing resulted in many items of clothing being destroyed and the loss of an important market for Whirlpool in India (this in spite of excellent washing system, serviced by men, which is available in India, see Fig. 1, below). Whirlpool renamed the "delicate cycle" on their washing machine as "sari cycle" which probably seemed very culturally appropriate at the time. But unfortunately, the washing machine actually shredded the delicate fabrics of saris -Whirlpool had failed to research the cultural and linguistic conventions of this particular market.

Lack of accessibility relates to many facets of the use of computers by people with sensory, physical of cognitive needs in both developed and developing countries. In emerging countries such as China, some 73% of households already had a washing machine by 2010 [START_REF]Increase in washing machine penetration[END_REF]. To prevent accidental water flooding, it is mandatory to push a button to release an electromagnetic door lock before the washing machine door will open. Washing machines enter such a state at the end of the washing program and usually signal this only visually. Lack of sight makes it hard to know why the door will not open when this visual indicator is not present. Some machines do include an auditory signal, but there is only one auditory signal (a generic beep), which sounds when the washing program begins, when there is a problem and when the program ends. Although a visually impaired user can hear the signal, it is not sufficiently communicative to understand what state the washing machine is in. In 2016, more than 98% had phones with either Android or iOS as the operating system [8]. Controlling a robot vacuum cleaner, such as the Roomba [9] by an app on a smart phone is convenient, and more importantly, the only way to change the robot's operation. However, although a robot vacuum cleaner is very convenient for people with physical disabilities such as a tremor in their hands, adjusting its setting via the app can be very difficult. Designers of such apps need to understand the requirements for larger buttons and split the virtual keyboard to reflect sub-tasks on smaller screens, if more space is needed. The same approach allows enlargement of fonts for increased readability for people who are dyslexic.

In China, Brazil and India demand for web-connected smart TVs is considerably higher than it is in developed countries [10]. However, there are a number of accessibility issues in interacting with a smart TV. For example, smart TVs encourage interaction through gesture and voice commands. For people with physical disabilities interacting through gesture may not be possible. Voice commands may be a useful alternative, but creating voice command interaction that avoids accidental activation of commands when simply speaking is still not easy to design. In addition, voice command interaction has not currently addressed the needs of people with speech difficulties.

The examples discussed above make it clear that specific home technologies increase quality of life in many ways but may introduce new barriers, both cultural and in relation to accessibility. Providing a range of new modalities for interacting provide good solutions for the accessibility issues. Developing countries may sometimes utilize technology considered already out-dated in the developed world, but more often are now jumping straight to the very latest technologies and skipping what might be considered the intermediate steps. For example, in Cambodia smartphone use is very high, with over 95% of citizens having access to a mobile phone of some type [START_REF] Phong | Mobile phone and internet use in Cambodia 2016[END_REF]. This is largely because the landline infrastructure was badly damaged and became very outdated during the Khmer Rouge regime and subsequent war with Vietnam (1975Vietnam ( -1992)). At the end of that period, rather than invest in landline infrastructure, investment was made in mobile infrastructure. One consequence of this is that internet access is largely via smartphones, with 80% of those Cambodians using the internet doing so via a smartphone in 2017. This is far highly than in the United Kingdom, where in 2016, 66% of citizens reported accessing the internet from their smartphone [START_REF]Adults' media use and attitudes[END_REF]. Thus, Cambodia can be seen as more technologically advanced than the UK in terms of devices for internet access.

To some extent, addressing accessibility issues can also benefit cross cultural issues. For example, designers of medical devices have understood the need for high accessibility of their devices. Speaking thermometers, large print glucose meters, talking blood measure monitors are available at low to modest costs due to their widespread use. However, embedding them in homes alongside accessible home appliances requires a range of interdisciplinary skills involving architects, hardware builders, software and industrial designers. There is a need to establish appropriate services for living independently as none of these devices have a common approach to accessibility. Making the accessibility of devices compatible can be achieved most easily through personalization capabilities [START_REF] Loitsch | A knowledge-based approach to user interface adaptation from preferences and for special needs[END_REF], which may be most beneficial to address the various cultural needs of people in emerging countries.

People with disabilities and older people have needs and wishes for technology that HCI designers and developers are often unaware of or fail to understand fully. In European countries, we have observed that designers and developers of interactive systems also often have difficulty establishing contact with disabled and older people and lack a good range of techniques to work with them in the development process, in spite of being eager to develop technologies to support these user groups. There are also many cultural and societal differences between countries which affect needs and attitudes towards technologies for disabled and older people. For example, the effects of demographic changes in China are comparable to European countries, but attitudes to family are typically somewhat different from European attitudes. Even between European and North American countries that are considerable differences in attitudes to disabled and older people. In the Nordic countries, there is a very strong philosophy that the whole of society has a responsibility to provide quality of life and opportunities for disabled people and to care for older people. In southern European countries, the philosophy is more that the responsibility lies with the individual family to care for their family members. In North America disabled people are strongly encouraged to be very independent whereas in European countries the philosophy if more of providing as much support as possible (e.g. financially, technically) for disabled people.

When designing an interactive device or localizing an existing design for a different culture, a number of critical needs of older and disabled users should be addressed: the need for communication with and through devices, the need for mobility, and the need for personal safety. We consider two approaches for designing home appliances to address such needs for users: simulation and standardization.

Simulations can be used to help designers and developers understand the needs of disabled and older users and possibly the needs of users from other cultures. For example, the effects of having a tremor in one's hands (a common problem for older people, essential tremor is experienced by at least 4% of people over 65 [START_REF] Thanvi | Essential tremor -the most common movement disorder in older people[END_REF]) may be experienced by creating a randomly jittering touch point. This allows designers to get a personal insight into older users' need for larger buttons. Visual problems can be experienced by having designers and developers were spectacles which simulate different visual conditions [15] or by distorting the screen contents [16,17]. The latter is particularly useful for understanding how people with color vision deficiencies experience the colors in displays [18,19,20]. Dyslexia may be simulated by reversing, inverting and transposing characters and creating inconsistent spellings of words [21]. Limitations in dexterity may be experienced by placing small buttons on the knuckles of the hands and wearing several layers of tight rubber gloves, this impedes both mobility and sensitivity of the fingers (see Fig. 2, below). Although the simulation approach is promising it has not yet been applied to cultural design features. Standardization of user interfaces is making good progress towards establishing the key concepts of accessibility. New work in Europe requires that those creating standards must consider whether accessibility is a concept is that is applicable to their technical committee work, and have a protocol to do this [START_REF]CEN-CENELEC Design for all Protocol[END_REF]. In addition, all standardization bodies revise standards periodically, meaning that theoretically, older standards will be reviewed in the light of accessibility. In particular, International Organization for Standardization (ISO) standards are subject to review and revision every five years. Thus, existing standards are updated if there are experts available to do the work. However, a problem for variations in accessibility due to cultural factors, is that even ISO, whose member countries vote for approval of standards, does not represent the cultural variations throughout the world, due to a lack of experts familiar with cultural and accessibility requirements. In addition, there normally need to be strong background economic reasons to be part of standards initiatives, that are traditionally dominated by trade and industry and less by consumer representatives. Thus, for instance in a country that does not manufacture home appliances, it is less likely to find manufacturers aware of cultural factors to do with accessibility. Similarly, consumer organizations with expert localized information about cultural factors impacting accessibility may not have an interest or the funding to participate in these standardization activities.

In the United States, the National Federation of the Blind [23] have repeatedly requested that the accessibility needs of blind users be taken into account especially in the design of home appliances and consumer electronics, and called for a Home Appliance Accessibility Act [START_REF]Home Appliance Accessibility Act[END_REF]. In Germany, an organization representing blind people [START_REF] Groenewold | IFA 2016: Accessible Household Appliances and Consumer Electronics[END_REF] is campaigning directly to manufacturers to consider accessibility in the products they design. This is because accessibility for home appliances and consumer electronics has not yet been legally regulated, and the draft regulations about accessibility requirements for products and services in the European Accessibility Act (EAA) [26] exclude these two product groups, in spite of the recommendation from the expert group on standardization [START_REF]CEN-CENELEC Design for all Protocol[END_REF] to prioritize accessibility concerns including domestic appliances and consumer electronics.

Topic 2: Cross cultural accessibility issues in India

Another set of issues relate to language differences and the provision of assistive technologies and accessibility of digital materials. People from cultures with languages which are not widely spoken current face many barriers in access to technologies, both mainstream and assistive, due to such language issues. For example, India has 22 official languages and 12 different scripts for writing them. But in total, India has over 780 languages and over 60 different scripts [START_REF]The People's Linguistic Survey of India[END_REF]. The core technologies of text-tospeech synthesis, automatic speech recognition and optical character recognition software are widely used in assistive technologies to make them accessible to people with print disabilities and older people. Such assistive technologies include screen readers, screen magnifiers, and electronic braille displays. But in India these core technologies are only available for a handful of the official languages, let alone the total range of languages. Thus, assistive technologies are not available to many disabled and older Indians at all, or only in their second or third language, and not their preferred native language.

A further aspect of the language issue and accessibility is the availability of digital content in Unicode. Unicode is a computing industry standard for the consistent encoding, representation, and handling of text expressed in most of the world's writing systems. In particular, Unicode allows websites to render text in different writing systems and assistive technologies to convert text to speech and vice versa. It is very important that these digital codes are universally used. The digital code for any specific character must be the same all over the world. To achieve this the Unicode Consortium has published a standard of all possible characters of all languages of the world along with their digital codes [START_REF]The Unicode® Standard[END_REF]. For example, all the Indian languages are part of this Unicode standard.

The problems start with the development of different fonts. Many companies and organizations which develop fonts do not follow the scheme proposed by the Unicode Consortium. For example, the digital code in the Unicode standard for the Hindi character "ka" is 0915 whereas the Kruti Dev font (widely used in northern India, particularly in official documents) assigns the digital code 0064 to the same character. In the Unicode standard, 0064 is assigned to the Roman alphabet lower case "d". If we try to convert a Hindi document created in Kruti Dev font into braille, then the braille conversion software will convert this character into braille dots 145 (N.B. the correct set of braille dots for the Hindi character "ka" is 13, not 145). On the other hand, if you type a Roman alphabet lower case "d" into a digital device and apply the Kruti Dev font to it, then it will display the Hindi character "ka". However, screen reading software will still read it as "d". One important consequence of these issues is that when an organization in India wishes to create a braille version of a document for blind readers, the electronic version of the document cannot be used, instead the document first needs to be re-typed completely. Thus, one of the great advantages of electronic documents is lost.

The Unicode issues also affect optical character recognition (OCR) processes, one of the basic technologies used to create digital content, and one which has made a great difference to the accessibility of material for many people with print disabilities. A digital library cannot come into existence if there is no OCR software for a particular written language. The digital content gets its real power only when the characters of the content is stored as digital codes and not as an image of the printed paper. Only after digital coding of the characters do we get the flexibility of the digital content, such as representation in different media (e.g. audio, braille, even simple font changes such as large print). Creating digital content without OCR again means re-typing all the material and denies print disabled people a key component of their independence, the ability to OCR documents themselves. OCR is available for more that 100 languages across the world. Unfortunately, India languages largely lack this benefit. There is no OCR software for most Indian languages, barring a few which are very recent innovations.

As a measure of the situation in India with regard to problems with its multilingual culture, a number of articles about web accessibility have recently appeared which mention this issue. This is particularly important due to interest in India in transferring services to digital forms, most lately fuelled by the Indian Government's Digital India [29] campaign launched in 2015.

In a case study looking at the accessibility of e-portals [START_REF] Clemmensen | Adapting e-gov usability evaluation to cultural contexts[END_REF], Clemmensen and Katre collected data from state government web portals in India and examined across seven parameters, including accessibility, for which they used 18 criteria. Only two portals met the accessibility requirements, as judged as meeting at least half of the 18 criteria. However, the authors noted that since 20 of the 28 portals were in the English language, this in itself probably posed considerable accessibility barriers.

In a report that examined Indian Government websites [START_REF] Narasimhan | Accessibility of government websites in India: a report[END_REF], amongst 7,800 websites in total, only 3% were judged as accessible and the report commented that "websites which are not developed in accordance with the Web Content Accessibility Guidelines (WCAG) 2.0 will remain inaccessible to over 50 per cent of India's population comprising persons with disabilities, elderly and illiterate persons, linguistic minorities and persons using alternate platforms like mobile phones". The report highlighted examples of accessibility errors common on the websites, one of which was the tendency to present important information written in a different language and script as an image, meaning it would be skipped over by screen readers.

A study of 48 Indian banking websites [START_REF] Kaur | Banking Websites in India: an accessibility evaluation[END_REF] was undertaken in 2014, testing the sites for accessibility using both WCAG 1.0 [START_REF] W3c | Web content accessibility guidelines 1[END_REF] and WCAG 2.0 [START_REF]W3C. Web content accessibility guidelines 2[END_REF]. Accessibility of the banking websites was low: only 25 % conformed to the minimum conformance level with respect to WCAG 1.0 (Level A), and none conformed to the minimum conformance level with respect to WCAG 2.0. The authors explained that this is a problem, since although the internet banking sector in India is still new, the change from cash transfer to bank transfer of welfare payments, will mean a greater need to use internet banking. Amongst the accessibility problems found, the authors noted that that a banking website should have content in appropriate regional languages. They concluded that there is a need to develop a multilingual model for the Indian context. The imperative for the banking services to be accessible is becoming a matter of urgency as the impact of the Indian government's digital push on the economy becomes reality. Kumar Srinivasan, a leading digital entrepreneur has noted that "since the government's push for a cashless economy with the announcement for demonetisation in India, we have seen a rapid transformation and growth in the digital payments segment. With an unbanked population of over 250 million Indians and the country moving towards 520 million smartphone users by 2020, it is a wise move by the government to incentivise digital payments to encourage consumers to shift to "cashless" and increase bandwidths to reach out to a larger populace" [START_REF] Tejaswi | India's will to go digital evident in budget FY19, Friday[END_REF].

Ismail et al [START_REF] Ismail | Connect the dots: Accessibility, readability and site ranking -An investigation with reference to top ranked websites of Government of India[END_REF] in investigating accessibility and readability features of the 20 most frequented websites in India, commented that as there were no tools and metrics for readability for languages spoken in India, they had used six different methods in their study, but these were all developed for the English language. They noted a serious gap in the availability of such tools and that there is a strong need to develop readability measures or tests that are language independent. If the language independent route is not possible, there need be efforts to build metrics which would harness the specific features of languages.

Even the official Digital India initiative is struggling with the issue of even the national languages in India as evidenced by the accessibility statement of Digital India, the following notice appears "Digital India is working towards making its portal accessible for persons with disabilities, however currently … information provided in Hindi language is … not accessible" [37].

Tackling the multilingual problem of India is an ongoing process: the Centre for Development of Advanced Computing (C-DAC) [38], the research and development organisation of the Ministry of Electronics and Information Technology has been working on this problem for over 25 years. The statement on their webpage about multilingual technology explains their motivations: "India is a unique country in the world having 22 scheduled languages besides heritage languages and over one hundred widely used languages with different scripts. Despite a very impressive growth of computers and the Internet over the past few decades, most of the content on the Internet and most of the ICT based solutions in India are still available only in English. This is in stark contrast to the ground reality as hardly 10% of Indians use English as a language for communication. C-DAC realized long ago that penetration of IT to masses is possible in India only if we develop tools and technologies to overcome this language barrier" [39].

Topic 3: Methods of working with disabled and older users in different cultures

A final problem to be considered is that of the methods that designers of new technologies use when working with potential users of those technologies who are from different cultures. Designers and HCI practitioners are typically taught to use a usercentred design lifecycle [40] or a "double diamond" design methodology [41]. Both these methodologies involve working closely with users with specific methods such as questionnaires, interviews, focus groups, card sort exercises and so on [START_REF] Cairns | Research Methods for Human-Computer Interaction[END_REF]. However, all these methods have been developed in North America and Europe and users from other cultures may interpret them differently. For example, presented with a prototype interactive system, potential users from some cultures may think it inappropriate to openly critique the design of the system, when it has been developed and presented by authoritative experts. Hofstede [START_REF] Hofstede | Cultures and organizations: software of the mind (3rd edition)[END_REF] would explain this by appealing to the "power distance" dimension of different cultures.

A particular case in point is the extensive use of Likert items in questionnaires about usability and user experience of interactive technologies, for both mainstream users as well as disabled and older users. On Likert items, respondents specify their level of agreement or disagreement on a symmetric agree-disagree scale for a series of statements. Thus, the range captures the intensity of their agreement or disagreement with a given item [44]. A well-known example of the use of Likert items is the System Usability Scale (SUS) [START_REF] Brooke | SUS: a "quick and dirty" usability scale[END_REF] which asked respondents to indicate their agreement to a series of 10 statements about the interactive system they have just experienced on 5point Likert items such as "I think that I would like to use this system frequently". Although the SUS is much criticized [START_REF] Sauro | 10 things to know about the System Usability Scale (SUS)[END_REF], it is still widely used and fulfils a clear need in the quick and simple evaluation of interactive systems [START_REF] Bangor | An empirical evaluation of the System Usability Scale[END_REF]. The cultural specificity of the SUS has been considered, but only for people completing it in English, for whom some of the wording may be difficult [START_REF] Finstad | The System Usability Scale and non-native English speakers[END_REF].

A much more fundamental problem is how people from different cultures interpret the Likert system of varying agreement/disagreement. There is a considerable history of research on this problem in cross-cultural psychology, where it is sometimes known as the "extreme response style" (ERS), a phenomenon noted as long ago as 1946 [START_REF] Cronbach | Response sets and test validity[END_REF]. ERS is the extent to which respondents will use the extremes of a rating scale, as opposed to tending towards the middle of the scale. Variations of the phenomenon are the tendency to answer positively as opposed to negatively in relation to items. Some examples of cultural differences in ERS which have been established include: greater ERS amongst respondents in the USA compared to Korea [START_REF] Chun | Extreme response style in cross-cultural research: a reminder[END_REF]; greater ERS amongst Hispanic respondents in the USA compared to non-Hispanic respondents [START_REF] Hui | Effects of culture and response format on extreme response style[END_REF]; greater ERS amongst North American (from the USA and Canada) respondents than amongst East Asian (from Japan and Taiwan) respondents [START_REF] Chen | Response style and cross-cultural comparisons of rating scales among East Asian and North American students[END_REF]; and significant differences in ERS between Australian, French, Mexican and US respondents [START_REF] Clarke | Extreme response style in cross-cultural research[END_REF].

The cultural bias in the case of Likert items is fairly easy to detect, because it is a simple quantitative measure. The cultural biases in other methods used in working with older and disabled users may be more subtle and difficult to detect, but researchers and practitioners should at least be aware of the possibility that they exist and exercise caution in extending methods to different cultures.

Conclusions

In this chapter we have begun exploring a number of issues related to cross cultural differences and cultural sensitivities have not yet received much attention in the areas of accessibility, assistive technologies, and inclusive design and methods for working with disabled and older users. This is still a very unexplored area and warrants considerable further research and discussion. However, some interesting synergies have begun to emerge. In the same way that personalization and flexibility of interaction designs can assist users with different abilities, these same principles may also be deployed to address the needs of users from different cultures and from different language groups. We welcome further exploration of these issues in a wide range of cultural and language contexts in the future.
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 1 Fig. 1. Washing men at work in Mumbai (Photo © Gerhard Weber) At least three quarters of the world population now have mobile or smart phones [7].In 2016, more than 98% had phones with either Android or iOS as the operating system [8]. Controlling a robot vacuum cleaner, such as the Roomba [9] by an app on a smart phone is convenient, and more importantly, the only way to change the robot's operation. However, although a robot vacuum cleaner is very convenient for people with physical disabilities such as a tremor in their hands, adjusting its setting via the app can be very difficult. Designers of such apps need to understand the requirements for larger buttons and split the virtual keyboard to reflect sub-tasks on smaller screens, if more space is needed. The same approach allows enlargement of fonts for increased readability for people who are dyslexic.In China, Brazil and India demand for web-connected smart TVs is considerably higher than it is in developed countries [10]. However, there are a number of accessibility issues in interacting with a smart TV. For example, smart TVs encourage interaction through gesture and voice commands. For people with physical disabilities
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 2 Fig. 2. Buttons and rubber gloves to simulate reduced dexterity (Photos © Helen Petrie and Jenny Darzentas)
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