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Abstract. This paper elucidates and discusses some aspects of cultural 
adaptability which aid usability and universal access. We describe the concept, 
influence and Use Cases of cultural adaptability in driver information and 
assistance systems exemplified by a portable navigation system. Thereby, the 
reasons, advantages and problems of using adaptability regarding the driving 
safety and the driver preferences will be addressed. Differences in the amount 
of information for map display and in interaction behavior which depend on the 
cultural background of the users (e.g. attitude, preference, skill etc.). We 
explain how cultural adaptability can improve usability and how it has a share 
in universal access. Finally, a short outlook into the future of adaptive driver 
information and assistance systems closes our reflections. 
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1   Necessity and Benefit of Cultural Adaptability 

Today driver information and assistance systems are very complex both in 
functionality and in usage. Generally, the design and development of user interfaces 
for vehicles includes manifold aspects e.g. information visualization, haptic 
technology etc. which are challenges to HMI designers and software developers. 
Driver information and assistance systems have to integrate a lot of data from several 
models and sources such as driving situation model, driver preference model, driver 
intention model and driving history as well as vehicle data [4]. Within the 
infotainment systems of a car, alongside other components – including radio, 
telephone, CD or DVD player and telematics unit – especially the car navigation 
system demands many highly interactive activities from the driver. Furthermore, it 
also provides many important and calculated pieces of information together with 
vehicle data to other devices (e.g. data about the driving situation). In this sense, the 
driver navigation system plays a prominent role of intersection within the round dance 
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of driver information and assistance systems. Therefore, it will be used as an 
exemplary system in this paper to elucidate cultural adaptability. 

In order to calculate for example the optimal route, it is necessary to take into 
account all factors relating to the driver: preferences, mental and physical state as well 
as outside aspects such as weather, road conditions etc. Interaction between the driver 
and the system takes place not only before travel, e.g. when the destination is entered, 
but also whilst driving. This interaction includes the observation and reaction to the 
maneuver guidance and making decisions about a desired alternative route in the case 
of traffic jams. However, in addition to the traditional human factors, the cultural 
diversity and the corresponding emotional appeal include one inescapable factor: the 
configuration of the interface between the driver and the navigation system must 
prevent the driver experiencing an excessive mental workload [11]. The information 
presented to the driver needs to be suitable for the specific driving situation, the driver 
workload as well as the cultural driver preferences (e.g. to reduce information 
complexity). 

In this case, adaptability is an appropriate solution because the driver does not have 
the opportunity to manually adapt the setup of the information presentation according 
to the special requirements depending on the situation. Especially for stressful 
situations, the HMI of the driver information system has to be adaptive to reduce the 
mental workload of the driver [12], depending on the driver's cultural background 
[14]. According to the principle of cross-cultural adaptation of HMI, the culturally 
dependent behavior of the driver has to be measured and recorded over time in order 
to obtain information about the parameters necessary to be able to culturally adapt the 
HMI [2]. Either the system suggests the adequate form of information presentation to 
the driver (Computer Supported Adaptation) or it adapts it automatically (Automatic 
Adaptation) whilst the driver is actually concentrating on driving [8]. E.g. difficult 
routes with high rate of accidents can be avoided most notably for beginners by 
analyzing the routes as well as the driving behavior and by adapting the route 
calculation and the information presentation according to the recognized facts. 

The concept of adaptability is found in the HMI roadmaps of most automobile 
manufacturers nowadays: the basic concepts of adaptability for future projects have to 
be developed anyway. Moreover, the engineering process necessary to obtain 
adaptability, promotes the usability of the devices. To achieve cultural adaptability at 
all, i.e. to be able to perform adaptation by the initiative of the system according to the 
cultural differences in HMI dependent on the user needs, the cultural differences must 
be determined by intercultural usability engineering [6]. Including such methods from 
the beginning of HMI design and development also reduces costs in future developing 
and planning for product (regional) variants as well as increases usability [5]. 

Furthermore, adaptability will go along with good usability [7] by adapted user and 
system models, shorter training times by fast adaptation to the driver as well as in less 
distraction from traffic and mental workload by automatically optimizing and 
adapting the HMI according to the current driving situation to increase driving safety 
[12]. The acceptance of intercultural adaptive intelligent user interfaces is guaranteed, 
when the user is aware of the changes in the user interface driven by the system or 
when the changes are very small and happen over a long period of time so that the 
driver does not recognize them because he is familiarized slowly (except in dangerous 
situations where the system must adapt immediately and automatically according to 
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driving situation). The resulting effect of improved usability by cultural adaptability is 
that many more drivers are able to use the same systems in the car more easily and 
with contentment which contributes to universal access. 

To make driver information and assistance systems culturally adaptive, at least the 
following steps are necessary: 

Step 1: The cultural differences in using the systems have to be determined during 
the analyzing phase of the product development process. This gives first insight into 
the different user preferences and system requirements for markets with different 
cultures (cultural preferences).  

Step 2: The results have to be taken into account in the design phase for new 
products and the system architecture has to be modified and extended according to the 
adaptations necessary to support the cultural needs of the user for existing products. 
This allows the end-user to manually adapt the system according to individual cultural 
preferences (personalization).  

Step 3: At runtime, the system has to detect the user preferences during operating 
and controlling the system in different driving situations in order to determine the 
tendency of the cultural attitudes of the driver and to adapt the HMI accordingly and 
automatically (adaptability).  

Integrating all the three steps emerges as the most potent effect to help broadening 
universal access because the system is able to adapt itself to the special needs of many 
more users than those who would be covered by driver information and assistance 
systems that only dispose default parameters (without cultural adaptability). 

1.1   Cultural HMI Patterns (Step 1) 

To be able to adapt a system manually by personalization or automatically by 
adaptability to the cultural needs of the user, the first step is to investigate what must 
be adapted, i.e. to find out the differences in the cultural needs of the users as well as 
the cultural differences in HMI on all levels of HMI localization (user interface, 
functionality, and interaction) concerning Look & Feel. In this context, topics such as 
presentation of information (e.g. colors, time and date format, icons, font size) and 
language (e.g. font, writing direction, naming) or dialog design (e.g. menu structure 
and complexity, dialog form, layout, widget positions) as well as interaction design 
(e.g. navigation concept, system structure, interaction path, interaction speed) are 
affected [13].  

One promising method to accomplish this task is to observe and analyze the 
interaction of users, from different cultures, with the system by an appropriate 
automated analysis tool [2]. From this, cross-cultural usability metrics can be derived, 
which can be used for cultural adaptability. The "Intercultural Interaction Analysis" 
tool (IIA tool) was developed to automatically obtain quantitative data regarding 
cultural differences in HMI by simulating use cases of navigation systems [3]. The 
main objective was to observe and analyze the interaction behavior of users from 
different cultures with a computer system to determine different interaction patterns 
according to the cultural background of the users (if any).1 A quantitative study using 

                                                           
1 For detailed information about the IIA tool, please refer to [2]. 
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this online tool has shown that there are different cultural interaction patterns that can 
be measured quantitatively by a computer system using cultural interaction indicators 
that depend on the interaction behavior imprinted by the culture of the user. The 
cultural differences, which were found, are statistically discriminating enough to 
enable computer systems to detect different cultural interaction patterns automatically 
and to relate users to a certain culture behavior, which in turn makes cultural 
adaptability possible in the first place. The most classifying interaction indicators 
regarding the cultural preferences of the users can be summarized in the following 
categories: number of tasks, time period between display of information, display time 
of the presented information, number of mouse clicks and key presses, number of 
acknowledged system messages, number of refused system messages, number of list 
entries, time to finish task cases, number of mouse moves, number of interaction 
breaks, number of initiated functions, number of interactions, interaction times.2  

This preparatory work contributes to the first step to broaden universal access in 
future driver information and assistance systems: now we have first knowledge about 
the cultural differences in the interaction behavior of the user with the system. 

1.2   Scope of Cultural Adaptability (Step 2) 

The interaction strategies within in-car devices/systems are connected to their main 
functions and divided into primary functions such as driving, navigating and 
secondary functions e.g. listening, talking, phoning, entertaining etc. All these are 
interacting.  

Use Cases, which need massive interaction, are e.g. destination input, map 
interpretation and maneuver guidance [2]. According to the Use Cases, there are 
several areas in driver information and assistance systems where adaptability is 
reasonable, e.g. maneuver generation, voice guidance (instructions and timing), 
guidance pictograms, map display, dynamic routing / traffic message data handling 
(e.g. by TMC), multimedia / multimodal HMI in general, destination input, speech 
recognition, help concept controlled by speech, interaction management and dialog 
management. Therefore, cultural adaptability does not only concern the look and feel 
of the user interface, but also the interaction devices (e.g. EasyCo, a HMI concept 
based on touch pad and handwriting recognition [10]) as well as the number and the 
kind of system functions that can dynamically change according to the driver 
preferences, the driver state and the driving situation. To be able to take into account 
these complex information structures simultaneously and to let the driver’s mental 
workload be as low as possible at the same time, it is necessary to employ cultural 
adaptability additionally to cultural pre-settings or profiles. Automatic adaptation 
affects country-specific aspects including format, modality, menu structure, content 
of menu, alternative routes (scenic, sporty, short, fast…), guidance, map display, 
language, advice for beginners or experts, number of messages, length of texts, 
number of hints, degree of entertainment or ratio of information to entertainment, 
etc. 

                                                           
2 For a description of the results and the test setting in more detail, please refer to [3]. 
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Special Use Cases, which can be solved by cultural adaptability, are the following:  

• Adapting the scrolling speed of list boxes according to the speed of the touch drive 
usage  

• Showing the right information (relevance) and the right amount of information 
(quantity) according to driving conditions 

• Knowing the characteristics of the road in advance (virtual horizon) supports 
driving with foresight: the driver is warned by getting information in good time 
(anticipative driving) 

• Changing the lower-beam headlamp such that the light automatically falls into the 
direction of the curve 

• Using intelligent automatic gearing (especially on mountain roads) 
• Calculating routes according to the driver preferences e.g. differences in gender 
• Computing destination time and optimizing computation of routes according to fast 

or slow drivers 
• Automatically showing of lanes and/or guidance information in the head-up-

display.  

Knowing those Use Cases for cultural adaptability enables to extend the 
architecture of such systems by the parameters and values as well as the adaptability 
algorithms to enable adaptability according to the needs of the driver to fulfill the  
step 2 on the way to universal access. 

1.3   Demonstration of Cultural Adaptability (Step 3) 

To demonstrate worldwide cultural adaptability, the first prerequisite is to manage 
that the adaptive HMI supports international fonts (e.g. Unicode). Furthermore, it is 
necessary for the design of a cultural adaptive system to take into account the 
differences of the desired cultures where the product will be sold. Tables consisting of 
the differences between the desired cultures (countries, ethnic groups, dialects, 
gender, age, preferences etc.) must be created. The results need to be integrated into 
the mental driver model and implemented in prototypes. The represented cognitive 
models of the user (driver) have to be adjusted according to the desired country.  

The results of the online study using the IIA tool have been implemented in  
this way in a mobile navigation system based on Windows CE building a cultural 
adaptive HMI demonstrator to proof the concept of cultural adaptability of the HMI. In 
Figure 1 you can see the map display of this demonstrator exemplifying information 
density and information coding for Chinese (left picture) and for German (right picture) 
users. It is possible to adjust the number of POI according to the needs of the users: 
reducing disturbing or increasing information as needed. Moreover, colors can be 
adapted to the recognized culture of the user to provide familiarity and to avoid 
confusion: according to the interaction of the user with the demonstrator, the number of 
POI (many vs. few) as well as the color design is changed, e.g. main roads (yellow vs. 
white), highways (green vs. blue), calculated route (red vs. yellow). Further research 
should deliver more specific information to enable the development of these models in 
greater detail and to generate a sophisticated future adaptive HMI concept. Now, tests 
are done to verify the adaptive algorithm and to get the level of user acceptance and the 
usability of adaptive HMI to fulfill step 3 on the way to universal access. 
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Fig. 1. Different number of POI and colors according to different needs of information density 
and information coding between Chinese and German users 

2   Broadening Universal Access (Integration of Steps 1-3) 

The objective of cultural adaptive HMI in driver information and assistance systems 
is the situation-referential adaptation of cultural aspects of the Graphical User 
Interface (GUI) and Speech User Interface (SUI). For cultural adaptive HMI user 
models are employed, which are averaged over all users of a cultural group (e.g. 
information dimming or multi-modal dialogs according to the different requirements 
in China and Germany respectively, according to the current situation and context). 
Additionally, there are some target user groups of drivers that have their own 
characteristics or “culture” of using such systems in the vehicle e.g. driving beginners 
vs. experienced drivers, old vs. young people, female vs. male users, HMI developer 
vs. HMI user drivers, vehicle of brand A vs. vehicle of brand B drivers (regarding 
HMI paradigm and motto), professional vs. hobby drivers, vehicle type A (e.g. truck) 
vs. vehicle type B (e.g. car) drivers, vehicles with or without cargo loading / trailers, 
drivers with handicaps, cheap vs. expensive car drivers, pragmatic vs. hedonic drivers 
and drivers of different countries and nationality. 

These items are connected to the culture of the driver. However, in this sense, the 
meaning of the usual conception of culture as ethnical determined is extended to the 
individual culture of the driver (e.g. individualistic but culturally influenced style of 
eating, driving, interacting, using a device etc.). The individual driving behavior 
including aspects such as fast, stressed, hectic, sporty, or unsteady driving depends on 
the kind of cultural imprinting of the driver related to the group he belongs to 
(beginners, intermediates, professionals, experts), or gender and on the cultural 
background (using bumpers for parking, buzzer frequency, interaction times, 
interaction frequencies, etc. cf. e.g. [14]). The data collected about driving contains 
important information about the preferences of the driver such as the preferred type of 
routes, average speed, default tours, short or long tours, along rivers or hills, etc. 
Moreover, the interaction styles can vary strongly (e.g. reasonable, rational, arbitrary, 
sequentially fast, well-considered, haptic, visual, auditory, linguistic, etc.). By 
associating these aspects with the cultural models, implications can be made to 
culturally adapt the HMI and the functionality of such systems. For example, 
accidents are caused statistically by very young as well as very old drivers because 
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they are not so experienced or need more time to interact with the system and to react 
in the right way according to dangerous events during driving (partly because of 
lacking technological knowledge and partly because of physical handicaps and lower 
mental flexibility) respectively. Here the interaction differences of old vs. young 
drivers have to be regarded depending on their cultural imprinting. Another aspect 
concerns the differences in the amount of information to display as well as the 
differences in interaction behavior which depend on the culture of the users (e.g. at 
country level like Chinese vs. German drivers).  

Therefore, the "culture" of special driver groups has to be considered in the design 
of driver information and assistance systems. If such a system “knows” those cultural 
preferences of the driver, it can adapt itself to the cultural expectations of the driver 
regarding the driver behavior. In this sense, cultural adaptability broadens universal 
access, because many more users (even physically handicapped or mentally less 
flexible people) can use the same device (than without using cultural adaptability). 

3   Discussion 

It is problematic that an automatic adaptation (adaptability) depends on maximum 
data when observing new users: the system needs more data in order to be able to 
release information about the user as well as to be able to infer the characteristics of 
the user regarding information presentation, interaction and dialogs. Furthermore, the 
knowledge gathered about the user can be misleading or simply false. Hence, the 
reliability of assumptions can be a problem [9]. The behavior of the system has to be 
in accordance with the beliefs of the user to prevent unexpected situations. Another 
problem is that legal restrictions also have to be taken into account. Only the effects 
of driver actions are allowed to be permanently stored, but not the log file of the 
personalized driving sessions themselves [1]. As long as no solution is available, 
which can achieve meaningful adoptions from minimum data automatically; it 
remains necessary to investigate standard parameters and their values very early in the 
development process, long before runtime, in order to integrate them into the system. 
Therefore, it is necessary that the system already has corresponding user-knowledge 
(standard parameters) before the user’s first contact with the system occurs. Before 
using the system for the first time, it must be adjusted e.g. to the nationality of the 
user (which indicates the main affiliation of the user to a cultural group) and the 
corresponding cultural parameters can be placed simultaneously as standard 
parameters for the desired country. Furthermore, the adaptive system also obtains 
adequate characteristics of the user more quickly at runtime, because there is “more 
time” to collect the culture-specific data for the user, since a basic adaptation to the 
most important user preferences has already been performed before runtime (by 
putting the standard parameters into the system). Thus, designing an appropriate 
system according to the user in the design phase helps to avoid the problems rising 
from adaptability. Additionally, there are many open questions that have to be 
addressed very carefully: How many dynamic changes are optimal for and will be 
accepted by the user? When does a hidden adaptation occur? How can this be 
prevented? How much does the user trust the adaptive system? E.g., adaptability 
should not surprise the user but it must be in accordance with his mental model. 
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Therefore, sudden changing must be prevented or space limits for the automatic 
enlargement of buttons for handicapped users have to be taken into account during the 
design process. Nevertheless, even if answering those questions demand higher 
development costs or increased effort, this is no argument against adaptive 
automotive systems since adaptability is necessary and beneficial (cf. chapter 1). 

4   Conclusion 

It is necessary to apply adaptability in driver information and assistance systems 
because: 

• It is hard for the driver to handle the functional and informational complexity of 
such systems in extreme driving situations: the mental workload, which is caused 
by all possible senses (i.e. resulting from visible, audible, haptical, etc. 
information), simply exceeds the mental capacity of the driver. 

• The mental workload should be held in acceptable limits in dangerous driving 
situations if the system adapts the information flow with the user automatically. 
Due to this fact, adaptability has also to take into account external input sources 
(e.g. from pre-crash sensors). 

• The output modality has to be adapted automatically to achieve the lowest 
workload (e.g. using of different displays). 

It is also necessary to adapt culturally in driver information and assistance systems 
because 

• The driver preferences have to be considered and covered, which depend on the 
cultural background of the driver. 

• The cultural background of the driver also determines the behavior in certain 
(especially dangerous) driving situations. 

• There are many different groups of drivers, which exhibit their own “culture” (e.g. 
interaction behavior cf. [2]) whether regarding groups at international level (e.g. 
countries) or within the national level (e.g. social, ethnic, or driver groups). 

• The local market for cars has changed more and more to a worldwide market, 
future infotainment systems have to handle the demands of various drivers and 
various cultures. This aspect can only be covered within a single system, if this 
system is adaptable and configurable. 

The cultural differences in HMI found using special combinations of cultural 
interaction indicators are statistically discriminating enough to enable computer 
systems to detect different cultural interaction patterns automatically and to relate 
users to a certain culture behavior, which in turn makes cultural adaptability possible 
in the first place.  

To design cultural adaptive systems some formation principles in the vehicle 
context have to be taken into account:  

• The distraction potential (the mental, visual and audio workload) of the driver must 
be held as low as possible.  

• The HMI must be simple and safe in order not to reduce the driving security.  
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• The reason for the adaptation (e.g. the current driving situation) and the kind of 
adaptation (e.g. structuring menus or renaming soft keys etc.) must be 
comprehensible for the driver at all times. Therefore, the frame of reference is not 
allowed to be altered too strongly.  

• The frequency of the adaptation has to be kept as low as possible.  
• Multi-modal dialog design requires that the driver can choose the modality freely 

anytime.  
• The possibility that all haptically usable interaction elements can be accompanied 

by verbal output has to be guaranteed in following the motto "speak what you see".  
• The interruption and resumption of dialogs and interactions has to be possible.  

Using methods of artificial intelligence help to fulfill the steps to get cultural 
adaptability to broaden universal access applying the cross-cultural adaptive HMI 
principles [2] such as learning the differences in the interaction of the users of 
different culture, classifying interaction patterns according to culture, determining the 
user preferences according to culture, adapting HMI according to the user 
preferences, learning user preferences by observation of HMI over time and 
integrating knowledge from observation into the system’s user model. 

5   Future Outlook 

The examples of cultural differences in the map display according to information 
density and color-coding (as shown in 1.3) are first realizations on the way to cultural 
adaptability in HMI. However, stronger interactive invasive changes require more 
complex systems. A layer approach for intelligent services, comprising the 
architecture and the priorities of at least two models must be employed. The data-
oriented driving situation model describes the current driving situation which is 
defined by the values of the variables of the vehicle such as speed, lateral and 
longitudinal acceleration as well as the position of the vehicle (traffic jam, highway, 
parking place etc.) or the reason for driving (business, spare time, race etc.) and so on. 
The driver workload model contains information about the mental or physical stress 
of the driver indicated by variables such as heart rate, galvanic skin response values or 
error clicks and task failures. Thus, infotainment solutions for cars will change 
dramatically in the near future. Constantly increasing functions (e.g. Advanced Driver 
Assistant Systems, Autonomous Driving) combined with a large number of nomadic 
devices (e.g. MP3 player, personal navigation systems, mobile phones) are requiring 
flexible, safe and adaptable HMI solutions for the world market. Therefore, the design 
of future driver information and assistance systems will take into account more 
strongly the culturally influenced personal preferences and needs of the drivers using 
methods of cultural adaptability to broaden universal access.  

Acknowledgments 

We thank Wolfgang Gall, Thomas Gallner, Hans-Peter Reiters, and Dr. Hans-
Wilhelm Rühl for the fruitful discussions whose ideas influenced this paper 
significantly. Furthermore we like to thank everyone who was and is supporting the 
cultural adaptability project. 



392 R. Heimgärtner et al. 

References 

1. De Bra, P., Aroyo, L., Chepegin, V.: The Next Big Thing: Adaptive Web-Based Systems. 
Journal of Digital Information, vol. 5(1) 

2. Heimgärtner, R.: Research in Progress: Towards Cross-Cultural Adaptive Human-
Machine-Interaction in Automotive Navigation Systems. In: Day, D., del Galdo, E.M. 
(eds.) IWIPS 2005. Proceedings of the Seventh International Workshop on 
Internationalization of Products and Systems, The Netherlands, pp. 7–111. Grafisch 
Centrum, Amsterdam (2005) 

3. Heimgärtner, R.: Measuring Cultural Differences in Human Computer Interaction as 
Preparatory Work for Cross-Cultural Adaptability in Navigation Systems. In: Useware 
2006, VDI-Bericht Nr. 1946, VDI-Verlag, Düsseldorf, pp. 301–314(2006) 

4. Heimgärtner, R., Holzinger, A.: Towards Cross-Cultural Adaptive Driver Navigation 
Systems. In: Workshops-Proc. HCI UE Usability Symposium Vienna 2005, pp. 53–68 
(2005) 

5. Holzinger, A.: Usability Engineering for Software Developers. Communications of the 
ACM (ISSN: 0001-0782) 48(1), 71–74 (2005) 

6. Honold, P.: Interkulturelles Usability Engineering. Eine Untersuchung zu kulturellen 
Einflüssen auf die Gestaltung und Nutzung technischer Produkte. VDI-Verlag, Düsseldorf 
(2000) 

7. Jameson, A.: Adaptive Interfaces and Agents. In: Jacko, J., Sears, A. (eds.) Human 
Computer Interaction Handbook, pp. 305–330. Erlbaum, New Jersey (2003) 

8. Kobsa, A.: Adaptivität und Benutzermodellierung in interaktiven Softwaresystemen. In: 
17. Fachtagung KI, Springer, Berlin (1993) 

9. Kobsa, A.: User modeling in dialog systems: potentials and hazards. AI & Society, vol. 4 
(3), pp. 214–240 

10. Nguyen-Thien, N., Basche, B., Hostmann, D., Pichl, O.: EasyCo – Ein innovatives 
Bedienkonzept für Car-Multimedia- und Navigationssysteme. In: Useware 2004: 
Nutzergerechte Gestaltung Technischer Systeme, VDI-Bericht Nr. 1837, pp. 47–55. VDI-
Verlag, Düsseldorf (2004) 

11. Piechulla, W., Mayser, C., Gehrke, H., Konig, W.: Reducing driver’s mental workload by 
means of an adaptive man-machine interface. Transportation Research Part F: Traffic 
Psychology and Behaviour, vol. 6(4), pp. 233–248 

12. Recarte, M.A., Nunes, L.M.: Mental Workload While Driving: Effects on Visual Search, 
Discrimination, and Decision Making. Journal of Experimental Psychology: Applied, 9 
(2), pp. 119–137 

13. Röse, K., Liu, L., Zühlke, D.: Design Issues in Mainland China: Demands for a Localized 
Human-Machine-Interaction Design. In: Johannsen, G. (ed.) 8th IFAC/IFIPS/IFORS/IEA 
Symposium on Analysis, Design, and Evaluation of Human-Machine Systems, pp. 17–22. 
Preprints, Kassel (2001) 

14. Xie, C.-q., Parker, D.: A social psychological approach to driving violations in two 
Chinese cities. Transportation Research Part F: Traffic Psychology and Behaviour, vol. 
5(4), pp. 293–308 


	Necessity and Benefit of Cultural Adaptability
	Cultural HMI Patterns (Step 1)
	Scope of Cultural Adaptability (Step 2)
	Demonstration of Cultural Adaptability (Step 3)

	Broadening Universal Access (Integration of Steps 1-3)
	Discussion
	Conclusion
	Future Outlook
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




