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Abstract. So far, culture has played a minor role in the design of software. Our
experience with imbuto, a program designed for Rwandan agricultural advisors,
has shown that cultural adaptation increased efficiency, but was extremely time-
consuming and, thus, prohibitively expensive. In order to bridge the gap
between cost-savings on one hand, and international usability on the other, this
paper promotes the idea of culturally adaptive software. In contrast to manual
localization, adaptive software is able to acquire details about an individual's
cultural identity during use. Combining insights from the related fields
international usability, user modeling and user interface adaptation, we show
how research findings can be exploited for an integrated approach to
automatically adapt software to the user's cultural frame.

1 Introduction

One of the largest impediments for the efficient use of software in different cultural
contexts is the gap between the software designs - typically following western cultural
cues - and the users, who handle it within their cultural frame. The problem has
become even more relevant, as today the majority of revenue in the software industry
comes from outside market dominating countries such as the USA.

Research conducted on the effect and usability of culturally adapted web sites and
interfaces has already shown enormous improvements in working efficiency [1-4].
These results were further emphasized in our experience with imbuto [5], a program
designed for Rwandan agricultural advisers (see Fig. 1). The conceptualization of
imbuto's learning platform, which holds information about newly-developed methods
for increases in agrarian productivity, was accomplished on-site in Rwanda. In
particular, this allowed for a circular development: To begin with, we thoroughly
investigated the cultural particularities of the target group with the help of interviews
and questionnaires. The result was a first version of imbuto. As a next step, the
software was alternately enhanced and tested with Rwandan subjects. Since the
provisional test system was designed and implemented by a member of western
culture, evaluations soon revealed that Rwandans could not optimally use the
software in terms of information perception and handling. We observed that
difficulties emerged from too much freedom in the choice of functionalities:
Rwandans, who learn to strictly follow instructions from a young age, seemed to be
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overwhelmed by the range of functionalities available in the software. A playful
arrangement of constituents, allowing for explorative behaviour, and a colorful user
interface with a realistic appearance, were further adaptations that were needed for
reconciling the software with the target culture.
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Fig. 1. Learning Platform for Agricultural Advisors in Rwanda

After these extensive circular adaptations to the cultural frame of Rwandans during
a time span of approximately five months, evaluations finally fulfilled the
expectations of improved usability and a reduction in time required for familiarization
with the software. However, extending the target group to other cultures would
necessitate even greater time.

Hence, cultural adaptation of software reveals two major problems:

1. The development cycle is extremely time-consuming, making it prohibitively
expensive.

2. The elusive nature of cultural background makes it hard to recognize one's own
preferences and thus, where the system should be adapted [6].

For economic reasons, software manufacturers therefore often neglect cultural
adaptation that goes any further than a mere localization of the interfaces, such as the
adaptation of language and date format.

One answer to general adaptation problems proposed by Maier [7] is the use of
adaptive or personalization systems that "represent the most promising solution to the
contradiction between striving to achieve cost-savings on the one hand, and high-
quality training and customer satisfaction on the other". Extending this to the problem
of cultural adaptation, we propose to approach the issue by developing culturally
adaptive software.

Essentially, the idea of culturally adaptive software spans inter-disciplinary
research fields that underlie the premises of successful Human-Computer Interaction.
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In order to reveal the culture-dependent components of software, it is necessary to
build a user model based on cultural particularities before the adaptation can be
accomplished. In the following, we start with a literature review on international
usability and culture. This review is the basis for an introduction on the current state
of the art in user modeling and adaptive user interfaces. We will then combine these
fields by identifying the necessary components and techniques of artificial
intelligence (AI) required for automated software culturalization. The paper closes
with the presentation of our research plan for culturally adaptive software.

2 Culture and Usability

Previous research indicates that usability can be only assured if future systems will be
designed culture-oriented [8]. These evaluations showed improvement and an
increased user acceptance through manually localized interfaces. However, they were
not yet able to persuade the software industry of the positive economic effect of an
increased consumer acceptance.

Over the last two decades, cultural usability research primarily focused on the
cultural dimensions developed by the cultural anthropologist Hofstede [9, 10]. His
classification of culture predicates on differences in cultural values. He points out that
particular responses are "more likely in certain cultures than in other ones" [10]. In
recent years, evaluations applying his cultural dimensions include studies by
Voehringer-Kuhnt [11], Marcus [12] [13], Dunn and Marinetti [14], Dormann and
Chisalita [15], Ford and Gelderblom [3], Hodemacher et al. [4] and Kamentz [16].

Hofstede's dimensions also built the basis for studies conducted in the area of
culturability, a brigading term invented by Barber and Bardre [2] for "the merging of
culture and usability". They also defined the so-called "cultural markers": elements of
an interface that are preferred by a specific culture. Analyzing many hundreds of web
sites, they found that cultural markers strongly influence the usability of software
interfaces.

Hofstede's dimensions were enhanced by many researchers including Trompenaar
who coined the metaphor that culture is like an onion consisting of many cultural
layers [17]. Dunn and Marinetti [14] used Trompenaar’s additional cultural
dimensions to point out that one must peel this onion "to get to the core values, the
things that really matter" in order to plan for cultural adaptation. Later, Marcus [18]
developed a set of cultural dimensions by ranking a given list of these dimensions
with the help of 57 participants from 21 different countries around the world. Doing
s0, he was one of the first researchers to attempt to build a bridge from evaluations on
culturability to their application. The outcome was a practical set that can be used as a
preliminary user model.

Nevertheless, research conducted in the interdisciplinary field of culturally
adaptive user interfaces cannot presume that generic models of culture can be simply
applied to the area of user interfaces. After measuring Hofstede's dimensions in an
evaluation, Smith and Chang [10] are apprehensive that "in the case of China the four
Hofstede dimensions have greatly differing significance". Some researchers also
criticize the employment of cultural models as too generalizing and stereotypical [19].
Regarding the rigid one-to-one mapping of a single culture to a whole nation, as
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exemplified by Hofstede, the adaptation to culture in its redefined meaning for our
globalized world is indeed questionable. However, concerning an initial user
classification, we suggest using this simplistic view as a starting point from where
adaptivity algorithms will refine it stepwise to cross-cultural particularities. These
would then be assignable to people who belong to a single culture, as well as to
culturally ambiguous users.

3 User Modeling

While it is increasingly encouraged to consider culture in interface design [1, 12, 20-23],
various branches of research have concentrated on ascertaining "cultural fingerprints" in
an interface [10]. Nevertheless, little progress can be found on combining these with an
actual strategy about making predictions about the cultural background of users.
Recently, Kamentz [16] looked into this new direction by investigating components
needed for cultural user modeling. She states that cultural adaptation must be considered
in the context of the user's background, while knowledge, aims and plans, preferences
and individual user properties form important attributes that are to be modeled, but do
not as such involve the cultural component. Apart from learner specific adaptivity, she
also investigated layout, interaction and navigation and its cultural particularities in her
studies.

However, to date it is still a moot point of how culture can be comprised in the
construction of a user model. Moreover, it is unknown which methods to use in order
to automatically acquire culturally related facts about individual users. Kobsa, who
has been one of the key researchers in the area of automated user modeling, states that
useful methods for user modeling strongly depend on the application domain of a
system and are often combined [24]. Consequently, it can be assumed that current
methods are widely applicable to cultural user modeling. We will therefore discuss
the most common methods for the acquisition of user models in the following section,
before returning to a discussion of our "cultural problem".

3.1 Acquisition of User Models

A key concern when ascertaining user modeling information, is whether data should
be gained through an integrated acquisition process in the background, or through
separate acquisition that is discrete to the normal interaction between the user and the
system [25]. So far, almost all organizations of user groups into common
characteristics with stereotypes, or into common interests with communities, as
suggested by Paliouras et al. [25], have been carried out manually. This is not only
difficult because it "involves the classification of users by an expert and/or the
analysis of data relating to the interests of individual users" [25]; for cultural user
modeling, manual acquisition is also questionable due to the intangible perception of
cultural values and is therefore only feasible for an initial classification.

Such challenges in the manual construction can be abated by making use of user
modeling shell systems that are similar to expert systems in Intelligent Tutoring
Software. Shell systems offer a number of integrated mechanisms for user modeling.
They still require the provision of primary assumptions about users [26], and thus
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involve separated acquisition. However, they take on all essential functions of a user
modeling component of a system, "including user model representation, inference on
the basis of the user model, consistency maintenance, and automatic user
classification" [24] by shifting the mostly heuristic acquisition rules onto the shell.

Further endeavors towards automated acquisition have been made by the use of
machine learning techniques for the automatic acquisition of data for the user model
[25, 27, 28]. Given their wide use in personalization (see, e.g., [29]), machine learning
algorithms are able to manage user models, supporting the automatic acquisition and
constant updating of data [30]. Hence, they are useful for automated cultural
adaptation.

An alternative strategy for user modeling is the interaction history method that is
suitable if a continuative analysis of users is not applicable [24]. By monitoring the
user, the system collects data about the interaction behavior before using clustering
techniques to group this information. Clusters will then be classified and linked with a
user group or an interaction, thereby generalizing the information to "interaction
patterns" [31].

Focusing on our problem of cultural user modeling, we propose the use of
stereotypes and communities that are highly beneficial for an initial (though very
rough) user classification. By incorporating existing cultural models from other
disciplines, this approach helps to outperform costly manual internationalization. The
user's country of origin and his language, for instance, already provide first hints of
their cultural cues and can activate an assigned interface layout. However, the
acquired profile at this stage is unlikely to correlate with all facets of the user's
culture. As a consequence, their interaction with the system has to be continuously
monitored and evaluated in order to refine the assumptions about the user's cultural
scope. Such further acquisition and step-wise refinement of stereotypes and
communities has been proven to be successful with the help of established machine
learning methods [25]. As described above, tasks such as those involving the
maintenance of the user model are suited to be taken over by a shell system.

After these considerations of user modeling techniques, it can be assumed that
cultural user modeling can take advantage of existing approaches to user modeling
that base on Al techniques. However, such a combination of methods and in particular
linking them to software adaptations, has yet to be studied in practice. To that end, the
next section will introduce the work on user interface adaptation (i.e., methods for the
dynamic re-arrangement of user interface elements), which will pave the way for
integrated culturally adapted approaches.

4 Adapting the User Interface

Although the theoretical concept of adaptive computer systems has been an important
subject for the research community, most approaches have been applied to adaptive
hypermedia (or web) systems and only involve "the level of the content of the
provided information (as opposed to the level of information presentation at the
interface)" [24]. One reason for this might be that the advantages and disadvantages
of providing generically filtered information are relatively easy to evaluate. Besides, it
can be assumed that the objections to adaptivity at the user interface level also led to a
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stagnation of research in this area. In reference to this, Shneiderman [32] points out
that ,,machine initiated changes to user interface features seem to be troubling to
users*.

Nonetheless, much research supports the thesis of user performance improvement
with the help of adaptive interfaces (see, e.g., [33], [34] or [35]). If doubts persist, it is
because none of these results can to date be readily generalized. Thus, many
objections stem from "a fear that intelligence at the interface will violate usability
principles” [36]. An important issue in this regard is the choice between automatic or
computer-supported adaptation, the latter leaving more control to the user. Kobsa [26]
points out that computer-supported adaptation is the better alternative if adaptations
only seldomly occur but are nevertheless more important. This is fundamental for
changes of the user interface since the users attention might have to be drawn to the
new possibilities [26].

Regarding culturally adaptive interfaces, we have to keep in mind that most users
are not used to an adaptation to their cultural frame, but have become acquainted with
software embedding western cultural values. Thus, computer-supported adaptation
risks a rejection of cultural adaptation measures before the user might experience its
advantages.

We suggest to automatically adapt the software after initially having acquired the
user's cultural background. In order to allow users to retract changes at any time, we
plan to include an easy-to-access history log of recent adaptations. Further changes to
the software should later underlie computer-supported adaptation and allow for the
user's intervention if proposed changes are not desired. Here, too, are thorough
evaluations essential in order to ensure that users can easily cope with adaptations and
the way they are executed.

To clarify the concept of adaptive user interfaces, we will explain the idea behind it
in the following section by referring to some developments in the past.

4.1 Recent Developments

Recent approaches to adaptive arrangements of interface components include the
AVANTI system for disabled users that uses "a single unified user interface" but
offers alternative interaction components to suit the user's need [37]. With the help of
a rule-based adaptivity mechanism that communicates with the unit responsible for
the user modeling, the interface can be adaptively enhanced at run-time.

Menkhaus and Pree [38] developed a new approach to dynamic user interface
adaptation by remodeling "the widgets of a window into a new composition of 'small’
windows", basing it on a "linking strategy" of two graph hierarchies. This method was
originally developed to provide adaptation possibilities for a range of displays, input
devices and mobile computing gadgets. Likewise, it has proven to be applicable for
the flexible rearrangement of user interface components on the basis of a hierarchical
structure of windows.

While the techniques mentioned above can be classified as the restructuring of
components with the basic interface remaining the same, several approaches have
proposed to offer different interfaces. Shneiderman's idea of a multi-layer design for
complex systems, for example, associates the user's experience with a certain
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interface layer. It thereby offers the user a lower level with less functionalities or a
higher level with an augmented number of interaction possibilities [32].

Regarding the adaptivity strategy, many researchers have proposed to increase
consistency between applications. Lennard and Parkes [39], for instance, suggest to
re-use the user's model of the interface in all applications. This is a big step towards a
holistic usability that is not limited to single applications but instead supports
different interfaces in providing a consistent look and feel for the user.

5 Heading Towards Culturally Adaptive User Interfaces

After reviewing the current state of the art in the three disciplines of culture &
usability, user modeling, and interface adaptations, we find that the distinct research
areas have yet to be combined and results have yet to be aligned with one another.

For instance, existing techniques for the initialization and maintenance of a user
model can almost certainly be adopted for cultural user modeling. However, we do
not know how the transfer of these techniques to culture can be carried out. "Is the
user's culture tangible enough to establish a user model?", "How can we distinguish
between cross-cultural and interpersonal differences?" as well as "Is it possible to
assign one culture to a particular person in our globalized and multicultural world?",
are questions that we will only be able to answer after hands-on experience with
cultural user modeling and thoroughly investigating the measurability of culture in
regard to adaptive user interfaces.

In addition, we have to map certain cultural behavior to an interface layout. It is
therefore necessary to identify cultural markers that are universally valid for user
interfaces. Again, existing research in this direction, such as the investigations of
cultural markers in web site design (see [2, 40, 41]), can be used as a starting point for
redefining these elements to suit user interface constituents.

The highly diverse adaptation of the interface can presumably be best modeled by
systems that support a modular composition of the interface. Here too, the different
possibilities regarding the user interface layout have to be investigated with special
attention to established usability guidelines. Factoring in cultural markers, we will
have to define the necessary level of flexibility required by individual elements and
their composition as a whole. Thereafter, one can deliberate regarding the use and
benefit of existing strategies for the adaptation of user interfaces, such as the graph
hierarchies developed by Menkhaus and Pree [38]. The approach needs to be flexible
enough to support all conceivable culturally adapted interface layouts, but still simple
enough in order to avoid unnecessary overhead in adaptation complexity.

If we manage to merge research on culturability with guidelines on the usability of
adaptive user interfaces (see [36, 42]), we will be able to develop culturally adaptive
user interfaces that follow established culturability rules.

6 Conclusions and Future Research

In this paper we have proposed to overcome the problem of missing "culturability"
with culturally adaptive user interfaces that enable people to use software within their



208 K. Reinecke and A. Bernstein

cultural frame. Our opinion is that culturally adaptive software is the only possibility
to overcome the two main problems of manual localization, which are, firstly, the
extremely laborious and costly development process and, secondly, the elusive nature
of cultural background.

Introducing artificial intelligence to the internationalisation of user intefaces makes
it possible to provide a highly flexible interface adaptation that avoids to
stereotypically assign a static layout to all users. Automizing the process of
internationalisation throughout the use of the software will therefore allow for a less
laborious and costly development.

We have presented a research summary of the core issues surrounding culture &
usability, user modeling, and the adaptation of interfaces, and identified possibilities
for combining these areas to achieve a concerted effort towards the topic. There are
still many open questions and challenges facing the merging of different research
disciplines. Consequently, our future research will firstly involve an analysis of
cultural markers for software adaptation in order to establish a procedure for the
software engineering and design process. With this, we will also outline how the
software's architecture has to be designed to allow for an adaptation to different
cultures. Furthermore, it is essential to find suitable knowledge representation
techniques for the user model, as well as adaptivity strategies.

We intend to develop a prototype system in a participatory design process to test
the most promising adaptivity algorithms over a longer time frame with members of
different cultures. These evaluations will ensure an overall high quality of culturally
adaptive software without significant investments of software-engineering resources.

References

1. Yeo, A.: World-Wide CHI: Cultural User Interfaces, A Silver Lining in Cultural Diversity.
SIGCHI Bulletin 28, 4-7 (1996)

2. Barber, W., Badre, A.: Culturability: The Merging of Culture and Usability (1998)

3. Ford, G., Gelderblom, H.: The Effects of Culture on Performance Achieved through the
use of Human Computer Interaction (2003)

4. Hodemacher, D., Jarman, F., Mandl, T.: Kultur und Web-Design: Ein empirischer
Vergleich zwischen Grossbritannien und Deutschland (2005)

5. Reinecke, K.: Conceptual Design and Development of an XML-based Ergonomic
Multimedia Information and Learning Platform for the Education of Agricultural Advisers
in Rwanda (2005)

6. Kobsa, A.: User modeling: Recent work, prospects and hazards. In: Adaptive user
interfaces: Principles and practice. North-Holland, pp. 111-128 (1993)

7. Maier, E.: Activity Theory as a Framework for Accommodating Cultural Factors in HCI
Studies. In: Workshop-Proceedings der 5. fachiibergreifenden Konferenz Mensch und
Computer. A. Auinger, Wien: Osterreichische Computer Gesellschaft (2005)

8. Rose, K.: Kultur als Variable des UI Design, Beriicksichtigung kultureller Unterschiede
bei der Mensch-Maschine-Interaktion als zeitgemisse Gestaltungsaufgabe der
nutzerorientierten und ergonomischen Gestaltung von Mensch-Maschine-Systemen. In:
Mensch und Computer: Fachiibergreifende Konferenz. B.G. Teubner, Stuttgart, pp. 153—
162 (2001)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Culturally Adaptive Software: Moving Beyond Internationalization 209

Hofstede, G.: Culture’s Consequences: Comparing values, behaviours and organisations
across nations. Sage Publications Inc, Thousand Oaks (2003)

Smith, A., Chang, Y.: Quantifying Hofstede and Developing Cultural Fingerprints for
Website Acceptability. In: Designing for Global Markets 5: Proc. Fifth International
Workshop on Internationalization of Products and Systems (IWIPS 2003) Berlin, Germany
pp- 89-102 (2003)

Voehringer-Kuhnt, T.: Kulturelle Einfliisse auf die Gestaltung von Mensch-Maschine
Systemen (2001)

Marcus, A.: Cross-Cultural User-Interface Design. In: Human-Computer Interface Internat
(HCII) Conf. New Orleans, LA, USA, vol. 2, pp. 502-505. Lawrence Erlbaum Associatest,
Mahwah (2001)

Marcus, A.: Cultural Dimensions and Global Web Design: What? So What? Now What?
(2001)

Dunn, P., Marinetti, A.: Cultural Adaptation: Necessity for Global eLearning (2002)
Dormann, C., Chisalita, C.: Cultural Values in Web Site Design (2002)

Kamentz, E.: Adaptivitit von hypermedialen Lernsystemen - Ein Vorgehensmodell fiir die
Konzeption  einer  Benutzermodellierungskomponente  unter  Beriicksichtigung
kulturbedingter Benutzereigenschaften. Universitit Hildesheim (2006)

Trompenaars, F., Hampden-Turner, C.: Riding the Waves of Culture: Understanding
Cultural Diversity in Business. Nicholas Brealey Publishing Ltd (1997)

Marcus, A.: A Practical Set of Culture Dimensions for Global User-Interface Development
(2004)

Bourgges-Waldegg, P., Scrivener, A.: Meaning: the Central Issue in Cross-Cultural HCI
Design. Interact Comput. 9, 287-309 (1998)

Marcus, A., Armitage, J., Frank, V., Guttman, E.: Globalization of User-Interface Design
for the Web (1999)

Hall, P., Lawson, C., Minocha, S.: Design Patterns as a Guide to the Cultural Localisation
of Software. In: Designing for Global Markets 5: Proc. Fifth International Workshop on
Internationalization of Products and Systems (IWIPS 2003) Berlin, Germany pp. 79-88
(2003)

Thissen, F., Wingert, B.: Interkulturelles Interface Design und Interkulturelle
Kommunikation (2004)

Heimgirtner, R.: Messen von kulturellen Unterschieden in der Mensch-Computer-
Interaktion (MCI). Linz, Austria (2005)

Kobsa, A.: Supporting User Interfaces for All Through User Modeling. In: Proceedings of
HCI International, Yokohama, Japan, pp. 155-157 (1995)

Paliouras, G., Karkaletsis, V., Papatheodorou, C., Spyropoulos, C.: Exploiting Learning
Techniques for the Acquisition of User Stereotypes and Communities. In: Proceedings of
the International Conference on User Modelling (UM *99) (1999)

Kobsa, A.: Adaptivitit und Benutzermodellierung in interaktiven Softwaresystemen. In:
Schiitt, D. (ed.) Grundlagen und Anwendungen der kiinstlichen Intelligenz (17.
Fachtagung), pp. 152-166. Springer, Heidelberg (1993)

Pohl, W.: Learning about the user - user modeling and machine learning. In: Proc.
ICML’96 Workshop, Machine Learning meets Human-Computer Interaction, pp. 29-40
(1996)

Langley, P.: Machine Learning for Adaptive User Interfaces. In: KI - Kunstliche
Intelligenz, pp. 53—62. Springer, Heidelberg (1997)

Adomavicius, G., Tuzhilin, A.: Expert-Driven Validation of Rule-Based User Models in
Personalization Applications. In: Data Mining and Knowledge Discovery Journal 5 (2001)



210

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

K. Reinecke and A. Bernstein

Semeraro, G., Costabile, M.F., Esposito, F., Fanizzi, N., Ferilli, S.: Machine Learning
Techniques for Adaptive User Interfaces in a Corporate Digital Library Service. Machine
Learning and Applications. In: Proceedings of the ACAI-99 Workshop on Machine
Learning in User Modeling, Chania, Crete, Greece, pp. 21-29 (1999)

Pitschke, K.: User Modeling for Domains without Explicit Design Theories. In:
Proceedings of the Fourth International Conference on User Modeling, Hyannis, MA,
USA, pp. 191-195 (1994)

Shneiderman, B.: Promoting Universal Usability with Multi-Layer Interface Design. In:
Proceedings of the 2003 Conference on Universal Usability, Vancouver, Canada, pp. 1-8.
ACM Press, New York (2003)

Greenberg, S., Witten, L.: Adaptive personalized interfaces - A question of viability.
Behaviour and Information Technology 4, 31-45 (1985)

Sears, A., Shneiderman, B.: Split menus: Effectively using selection frequency to organize
menus. ACM Transactions on Computer Human Interaction 1, 27-51 (1994)

Hook, K.: Evaluating the Utility and Usability of an Adaptive Hypermedia System. In:
Proceedings of 1997 International Conference on Intelligent User Interfaces, Orlando,
Florida, USA (1997)

Hook, K.: Steps to take before Intelligent User Interfaces become real. Interacting With
Computers 12, 409-426 (2000)

Stephanidis, C.: Designing User Interfaces for All. In: Proceedings of the 13th Annual
Conference Technology and Persons with Disabilities, Los Angeles, USA (1998)
Menkhaus, G., Pree, W.: A Hybrid Approach to Adaptive User Interface Generation
(2002)

Lennard, A., Parkes, A.: An Architecture For Adaptive Interfaces (1995)

Badre, A.: The Effects of Cross Cultural Interface Design Orientation on World Wide Web
User Performance. In: Georgia Institute of Technology (2001)

Sun, H.: Building a culturally-competent corporate web site: an exploratory study of
cultural markers in multilingual web design. In: SIGDOC °01: Proceedings of the 19th
annual international conference on Computer documentation, Sante Fe, New Mexico,
USA, pp. 95-102. ACM Press, NewYork (2001)

Benyon, D.: Adaptive Systems: a solution to usability problems (1993)



	Introduction
	Culture and Usability
	User Modeling
	Acquisition of User Models

	Adapting the User Interface
	Recent Developments

	Heading Towards Culturally Adaptive User Interfaces
	Conclusions and Future Research
	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 false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /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 ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




