
Chapter 2
Culturally-Aware HCI Systems

Rüdiger Heimgärtner

Abstract Culture influences human–computer interaction (HCI) heavily, since the
end-user is always operating within a certain cultural context. First, cultural and
informational factors jointly influence the look and feel of interactive systems, for
example, widget position or information density. In addition, each individual
develops a specific culture (eating style, walking style, etc.)—that is, their own
characteristics, behavior, attitudes, and values. Consequently, individual adaptivity
is sometimes a key factor in covering the disparate needs of culturally but uniquely
imprinted end-users; this may involve such tasks as reducing the workload by
recognizing the individual expectations of each end-user. This improves usability,
shortens training units, and improves universal access. For Culturally-Aware HCI
systems socio-cultural information is used and modeled in the design and appli-
cation of the human–computer interface (HCI) of such systems. In this chapter, we
describe a Culturally-Aware HCI system in the context of automotive navigation
that culturally adapts its interaction with the end-user over time. We analyze the
way in which culture influences reasoning and the way the users feel and behave in
HCI in order to establish a model for automatically adapting HCI to users using a
Culturally-Aware adaptive HCI system. Fundamental theoretical reflections are
presented and exemplified, and design and functioning are thus described in both
theory and practice.
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2.1 Approach to Culturally-Aware HCI Systems

Culturally-Aware systems can be defined as systems where culture-related or, more
generally, socio-cultural information is modeled and used to design HCI, or such
information intervenes in the task carried out by this system, whether it is during
reasoning, simulation, or any other task involving cultural knowledge. This infor-
mation must be encapsulated in a cultural model in the Culturally-Aware HCI
system in order to effect the right HCI adaptations to be made in a cultural context.
In the following, a method for creating Culturally-Aware HCI systems is presented.

2.1.1 Intercultural HCI Design

One method for finding differences between cultures is analyzing critical interaction
situations between humans [1]. Honold [2] introduced this approach to HCI anal-
ysis by considering the occurrence of critical interaction situations in problematic
user interfaces and system functionality as well as considering systems as (artificial)
agents with their own culturally imprinted behavior caused by the developer’s
culture. The user’s internal model of the system is imprinted by their culture, by
their expectations of the system’s properties, and by their interaction experience
with the system.

After deriving intercultural factors from cultural dimensions that describe the
behavior of members of cultures [3], for example, [4] empirically showed the direct
influence of cultural markers on the performance of users interacting with the
system and showed the connection between culture and usability. In addition, [5]
investigated the influence of culture on usability. In his conclusion, [5] stated that
“Individualism/Collectivism is connected to and has an effect on usability” ([5],
p. 17): Hofstede’s individualism index [6] is significantly connected to the user’s
attitude toward satisfaction and their attitude toward product usability.

Röse [7] suggested a “method of culture-oriented design” (p. 103) (MCD) that
integrates aspects from new concepts of culture-oriented HCI design and knowl-
edge about cultural differences into existing concepts of HCI design. Relevant
cultural variables for intercultural HCI design have to be determined and specified
analytically through a literature review and requirements analysis. The values of the
variables represent culture-dependent variations that can be found at all levels of
HCI localization (surface, functionality, and interaction) [7] and can be exploited in
intercultural user interface design (IUID) [8]. However, areas strongly influenced
by culture do not come to the surface directly—only behavior is visible on the
surface, which is imprinted by cultural aspects over time; only the user’s behavior
itself yields deep insights about the user’s cultural imprint [7]. Therefore, one of the
most promising methods for obtaining cultural differences in HCI is observing,
analyzing, and evaluating user–system interaction. Qualitative and quantitative
empirical analyses must show if the results of studying HCI correspond to cultural
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models. Finally, the values of the cultural variables need to be considered to
develop guidelines for intercultural HCI design and intercultural usability engi-
neering [8].

2.1.2 Determination of Cultural Interaction Indicators
and Formation of HCI Dimensions

A first step toward a theory of culturally influenced HCI is to develop a set of
cultural interaction indicators (CIIs), which establishes the basis of a model for
describing cultural differences in the interaction behavior of the user by repre-
senting the relationship between (the values of) cultural dimensions and (the values
of) the dimensions of user interaction behavior; that is, (the values of) “human
computer interaction dimensions” (HCIDs) such as information speed, information
density, interaction speed, and interaction frequency [9]. They represent the char-
acteristics of HCI by describing the HCI style of the user, that is, the method of
information processing and the interaction style exhibited by the user. Frequency,
density, order, and structure are particularly affected during information processing;
frequency and speed are affected by user–system interaction. The quality of
information processing and interaction is nourished by effectiveness and efficiency.
To be able to measure these parameters, the specifics of the HCI dimensions must
be as concrete and exact as possible. They can be represented by quantitative
variables to build a basic measuring apparatus, from which they can then be con-
nected to cultural dimensions, thereby forming empirical hypotheses. Some of these
quantitative variables are explained later in this chapter.

The most common approach to quantifying the influences of culture on HCI is to
perform qualitative and personal studies. Although this process is relatively con-
trollable, it is very expensive and time consuming. Conversely, asking many users
online is a relatively quantitative and less controllable process. The advantages of
both approaches can be combined to solve this dilemma: many users can be asked
to respond to special use cases on their PCs and the resulting qualitative data can
then be collected quantitatively. The “Intercultural Interaction Analysis” tool (IIA
tool) was developed by [10], based on [11] and [12], to automatically obtain
qualitative data regarding cultural differences in HCI and to find metrics which are
adequate for measuring cross-cultural HCI.

2.1.3 Creating a Model for the Relationship Between
Cultural Dimensions and HCI Dimensions

The collected quantitative data can be analyzed using statistical methods (such as
ANOVA, the Kruskal–Wallis test, post hoc tests, etc.) to reveal the cultural
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differences in HCI (e.g., using potential CIIs). Structural equation modeling
(SEM) serves to verify the postulated relationships between cultural dimensions’
and HCIDs’ values to confirm or to modify (or even to identify) relationships (e.g.,
in combination with factor analysis). From this, usability metrics [13] can be
derived that are empirically valuable in terms of measuring quantitative variables in
culturally influenced HCI. Thereby, HCIDs are connected to cultural models to
construe a model that explains the relationship between HCI and culture, which, in
turn, must also be empirically validated.

2.1.4 The Approach to Culturally-Aware HCI Systems
in a Nutshell

The first task in obtaining a Culturally-Aware HCI system is to consider
socio-cultural information in the design and application of such systems. Thereby,
the influence of culture on the reasoning as well as the way the users feel and behave
in HCI is analyzed (Sect. 2.2). Moreover, in order to adapt HCI in Culturally-Aware
systems to the users, a cultural model has to be established that can be used to
generate the adaptation rules for the required contexts of use (Sect. 2.3). This model
uses cultural metrics to connect the adaptation rules in the system to the environment
or obtain the environmental information for the system’s model, leading to a generic
framework and architecture for Culturally-Aware HCI systems (Sect. 2.4). The
theoretical reflections are then empirically exemplified by a Culturally-Aware mobile
driver navigation system (Sect. 2.5). Finally, the implications for Culturally-Aware
HCI systems are summarized and recommendations given (Sect. 2.6).

2.2 Gathering Empirical Data

In order to adapt Culturally-Aware HCI systems to a user’s cultural needs, first the
differences in the cultural needs of the users—and hence the cultural differences in
HCI at all levels of the HCI localization (surface, functionality, and interaction)—
need to be investigated. Thus, areas such as the presentation of information
(e.g., color, time and date format, icons, font size), language (e.g., font, direction of
writing, naming), dialog design (e.g., menu structure and complexity, dialog form,
layout, widget positions), and interaction design (e.g., navigation concept, system
structure, interaction path, interaction speed) are considered [14]. Hall [15] found
differences in communication speed between cultures, which also implies differ-
ences in information speed (“duration of information presentation”), information
density (“number of parallel pieces of information during information presenta-
tion”), and information frequency (“number of information presentations per time
unit”).
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2.2.1 Empirical Evidence: Cultural Interaction Indicators

Using a literature review and analytical reasoning, 118 potentially culturally sen-
sitive parameters have been identified [16], implemented in the IIA tool, and
applied by measuring the interaction behavior of test persons in relation to their
culture using the IIA tool. Two online studies were conducted, in 2006 and 2007,
respectively, with almost 15,000 speakers of Chinese (C), German (G), and English
(E) located around the world using the IIA tool. Almost 1000 complete and valid
data sets are available for evaluation. The test persons had to do short test tasks
(mainly concerning driver navigation), where their interaction behavior was
recorded during their working. From the 118 potential variables, 18 showed sig-
nificant differences and which therefore can be called CIIs. These indicators rep-
resent significant differences in user interaction due to the different cultural
backgrounds of the users. F expresses the ratio of explained to unexplained vari-
ance: a high value of F indicates a high probability that the mean values of two
samples are different. The level of statistical significance is referenced with asterisks
(*p < 0.05, **p < 0.01).

• Opentaskbeforetest (F(2,94) = 3.234*) is a metric variable which represents the
number of open tasks in the working environment (i.e., running applications and
icons in the Windows™ task bar) before the test session with the IIA data
collection tool began.

• Messagedistance (F(2,94) = 6.625**) denotes the temporal distance of
sequentially showing the maneuver advice messages in the maneuver guidance
test task.

• Infopresentationduration (F(2,94) = 4.595*) represents the time the maneuver
advice message is visible on the screen.

• Mg.speed (F(2,94) = 8.665**) indicates the driving speed of the simulated car
in the maneuver guidance test task.

• Mg.mouseclicks (F(2,94) = 3.627*) specifies the number of mouse clicks during
the maneuver guidance test task.

• Similarly, uv.mouseclicks (F(2,94) = 4.274*) counts the mouse clicks in the test
task “uncertainty avoidance.”

• YesCounter (F(2,94) = 4.012*) contains the number of acknowledged systems
messages by the user during the whole test session.

• Infohierarchy.number (F(2,94) = 3.422*) indicates the number of entries in list
boxes, group boxes, or combo boxes specified by the test persons.

• Interactionexactness.duration (F(2,94) = 3.892*) measures the duration of the
abstract test task of “clicking dots away.”

• MouseMove_norm (F(2,94) = 4.473*) contains the number of mouse moves
during the whole test session divided by the duration of the whole test session
(indicated by the suffix “_norm”).

• Break10s_norm (F(2,94) = 5.150**) represents the number of interaction
breaks with the mouse greater than 10 s divided by the duration of the whole
test session.
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• Sem (F(2,94) = 3.398**) measures the number of semantic events triggered by
the user during the whole test session (e.g., the number of initiations of functions).

• MoveAgent_norm (F(2,94) = 44.204**) specifies the number of temporary
moves of Microsoft’s avatar “Merlin” into the middle of the screen every 30 s
(which disappears again after 5 s) divided by the duration of the whole test
session. If this indicator is low, the user switched off the agent quickly (as
German- and English-speaking users did, in contrast to Chinese-speaking users).

• Number of Chars (v2(2) = 14.593**) contains the number of characters entered
by the user during the maneuver guidance and map display test tasks when
answering open questions.

• MouseLeftDown_norm (v2(2) = 6.053*) counts the number of clicks with the
left mouse button divided by the duration of the whole test session.

• MaxOpenTasks (v2(2) = 10.061**) is similar to OpenTasksBeforeTest
explained above, but measures the maximal number of open tasks during the test
session.

• NoCounter (v2(2) = 20.696**) contains the number of refused system messages
by the user during the test tasks which is similar to the variable RefuseMessage
(v2 = 13.864**), which measures the same but during the whole test session.

• Break1 ms (v2(2) = 23.430**) represents the number of interaction breaks with
the mouse greater than one millisecond, which effectively measures the speed of
mouse movements made by the user.

The significant differences in the CIIs can also be seen when applying the IIA
data analysis tool to plot “cultural HCI fingerprints” (in the style of [17]), which
represent the cultural differences in HCI with respect to several variables for HCI
design that depend on the cultural background of the potential target group of users
(Fig. 2.1).

The data analysis showed that there are correlations between the interaction of
Chinese and German users with a computer system (HCI) and their cultural
background [9] concerning layout (more complex vs. simpler), information density
(higher vs. lower), personalization (higher vs. lower), language (symbols vs.
characters), interaction speed (higher vs. lower), and interaction frequency (higher
vs. lower).

Fig. 2.1 Cultural HCI fingerprints (different values of the CIIs according to test languages) plot
by the IIA data analysis tool
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2.2.2 Possible Relationship Between Cultural Dimensions
and HCI Dimensions

The cultural influence on HCI design can be represented by the relationship
between the values of cultural dimensions and the values of the variables relevant
for HCI design. Several basic assumptions were derived from the work of [18]
regarding the connection between cultural dimensions and HCI dimensions [9]. The
empirical hypotheses primarily concern quite basic user behavior, described with
the following cultural dimensions: time orientation, density of information
networks, communication speed, and action chains (sequential actions).
Accordingly, it is reasonable to assume that HCI dimensions such as information
speed (distribution speed and appearance frequency of information units), infor-
mation density (number of and distance between information units), or information
structure (order of information units) stand in relation to the culturally different
basic behavior patterns of the users. If this is the case, the differences that [18]
discovered also imply differences in information speed (“duration of the informa-
tion presentation”), information density (“number of pieces of information pre-
sented in parallel”), and information frequency (“number of presentations of
information units per time unit”). Interaction style should therefore also be affected.
Table 2.1 shows some of these assumed connections.

For instance, based on the action chain dimension of [18], it can be assumed that
German users’ responses to questions are more linear (i.e., answered consecutively)
in comparison to Chinese users. Furthermore, due to the high task orientation, the
number of dialog steps taken until the completion of the task could be lower for
German users. In addition, it can be assumed for German users that the number of
interactions (such as the usage number for optional functions and help functions or
adjusting colors, etc.) is higher because of their desire to work very exactly.
However, the number of mouse movements or mouse clicks by German users
should turn out to be lower than Chinese users due to the higher uncertainty
avoidance and strong task orientation of German users [6, 19]). For these reasons,
an interaction step (and thereby the complete test duration) might last longer for
German than for Chinese users. Moreover, to save face [20], it is expected that
Chinese users possibly do not click the help button as often as German users do.
Finally, the speed of mouse movements should be lower for German users in
accordance with higher uncertainty avoidance, lower communication speed, and
low relationship orientation.
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2.3 Toward a Model of Culturally Influenced HCI

The analysis of the collected data from Chinese-, German-, and English-speaking
users showed that there are correlations between the users’ interaction behavior
with the system and the users’ culture. There are CIIs in HCI which depend on the
culture of the user (and which partly apply independent of the meaning of the
application). The found CIIs can be applied by analyzing user interaction in order to
describe the users’ needs regarding HCI in terms of the users’ culture; thereby, an
explanatory model of culturally influenced HCI as well as a usability measurement
system [13] for culturally influenced HCI has to be derived that is very valuable
empirically.

Table 2.1 Possible relationship between cultural dimensions and HCI dimensions

HCI
dimension

Examples of specifics for
HCI dimensions

CIIs Cultural dimension

Information
frequency
(IF)

Number of words,
sentences, propositions, or
dialogs per minute)

Message distance,
number of pieces of
information per time
unit

Relationship versus task
orientation, individualistic
versus collectivistic
orientation, uncertainty
avoidance, action chains,
network density

Information
density (ID)

Number of pieces of
information presented
simultaneously, distance
of pieces of information to
each other (e.g., images,
words, sentences, dialogs)

Number of points of
interest (POIs)

Relationship versus task
orientation, individualistic
versus collectivistic
orientation, uncertainty
avoidance, network
density

Information
/processing
parallelism
(IP)

Sequential or parallel
presentation or reception
of information units and
information arrangement
or order (e.g., widget
positions, image–text
distribution)

Maximal open tasks,
refused system
messages, time to
disable virtual agents

Relationship versus task
orientation, individualistic
versus collectivistic
orientation, all
time-relevant cultural
dimensions (such as
uncertainty avoidance,
action chains, time
orientation)

Interaction
speed (INS)

Clicking mouse buttons,
length of mouse track per
second, speed of entering
chars

Mouse interaction
breaks less than 1 ms

Relationship versus task
orientation, individualistic
versus collectivistic
orientation, all
time-relevant cultural
dimensions

Interaction
frequency
(INF)

Overall mouse clicks,
mouse moves, number of
function, or help
initiations per session

Number of left
mouse button
presses, number of
mouse moving
events

Relationship versus task
orientation, individualistic
versus collectivistic
orientation, all
time-relevant cultural
dimensions

18 R. Heimgärtner



2.3.1 Analytical Evidence: Structural Equation Model

In order to identify the correctness of the postulated relations between the cultural
dimensions’ and HCI dimensions’ values, a structural equation model (SEM) can
be employed to compare variances [21]. Confirmative factor analysis or regression
analysis can support this process of modeling and explanation finding.

The primary objective is to reveal the connections between the interaction
indicators and their cultural causes. The HCI dimensions can be represented on the
right side of the structural equation models and the cultural variables on the left side
connected with the suspected connections (parameter–variable combinations).
A theory is then best explained if the left and right parts of the modeled structural
equations correspond to the modeled variables; that is, the explanatory model is
better if more variances in the empirical data can statistically be explained by the
structural equation model. The structural equation is modeled by adding or
removing variables or relations in order to improve the quality of the explanation.
Figure 2.2 shows the sub-model of one side of the complete model, which arose
from literature studies, posited hypotheses, and the empirical results of the
described studies.

At the moment, the cultural shaping of the user is not connected with the HCI
dimensions using cultural dimensions, but only using the variable “nationality.”
The effect of “nationality” on interaction fault (1.00) and information density (0.80)
is not insignificant, even if the influence of the user age (−1.97) is even stronger.
However, sex (0.18) and PC experience (2.08) obviously have far less effect on
information density in HCI than nationality (89.05). Thus, using this structural
equation model, it turns out that nationality has considerably more influence on
information speed, information density, and interaction faults than age (36.13), PC

Fig. 2.2 Model for the explanation of the relations between HCI dimensions and CIIs on the right
side and HCI dimensions and nationality or disturbance variables on the left side
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experience, or sex—even if age represents a significant interference factor [though
not on interaction faults (0.15)]. Furthermore, interaction faults, which are imme-
diately connected with the interaction medium “mouse,” are considerably less
influenced by those disturbance variables than information density (−1.97) and
information speed (0.48). The main emphasis of the evaluation of the data, there-
fore, was on log files generated by measuring the interaction with the mouse device.

Nevertheless, the model shows the relations between some specifics for HCI
dimensions, for example, advertisement parameters as part of information density and
information frequency or interaction precision as a part of interaction faults. Other
combinations of CIIs can also be assigned to the HCI dimensions. Further modeling
must show, however, which combinations provide the highest explanation quality.
Furthermore, the other side of the structural equation model, where the cultural
dimensions must be inserted and connected, also must be investigated in detail.

2.3.2 Discussion

Despite probable objections, it is not trivial to derive general guidelines for inter-
cultural HCI design from the results of the studies. The results of the qualitative
studies for interaction analysis also have a doubtful character, since very dynamic
phenomena (such as interaction speed or information frequency) cannot be
observed and recognized by people without the support of special tools like the IIA
tool. Therefore, the qualitative studies that were carried out in parallel with the
described quantitative studies offered no useful design recommendations for
intercultural interaction design in the field of HCI.

In addition, an enormous amount of interpretation is necessary (even in quan-
titative studies) to achieve plausible, reliable, and valid results from which valid
conclusions can be derived. Furthermore, it is not trivial to recognize differences in
the interaction behavior that are not culturally dependent but that have, for example,
demographic causes (e.g., different information reception or another interaction
style due to age differences). Therefore, it is extremely problematic to bring cultural
models completely into accordance with HCI design. Not all possible disturbing
variables can be taken into account because of cultural complexity. The results
obtained by the explanatory model containing CIIs necessarily differ from reality
(because no model by definition completely covers all aspects of reality).
Furthermore, the correctness of the explanatory model varies with the number of
CIIs used for one HCID. In this sense, the explanation strength is still weak,
because until now each HCID has only been substantiated by a few CIIs and only
some of those CIIs display very high separation power.

Another consideration is that the amount of analysis and SEM, as well as the
availability of relevant sets of data, being produced by intercultural studies in HCI
is still relatively low. Likewise, the task of modeling the connections between
cultural-, informational-, and interaction-related variables as a structural equation
model using CIIs is not completely soluble at the moment due to too few or missing
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data, indicating the need for further urgent empirical data collections. As a result,
only individual parts (sub-models) of the definite structural equation model are in
the foreground for the moment. Hence, much work is still required to complete an
adequate explanation model for cultural HCI.

Nevertheless, reciprocally confirming aspects attest the high reliability and cri-
teria validity of the statistical results of the two studies: there is a high discrimi-
nation rate of over 80% using CIIs to classify users as Chinese (C) and German
(G) as well as a high accordance of the HCIDs and the CIIs found by applying
different statistical methods [9]. Therefore, the results found in the studies lead to
the conviction that it is justified, reasonable, and encouraged to use CIIs in inter-
cultural HCI research to develop an explanatory model of culturally influenced
HCI, which is a necessary component in Culturally-Aware HCI systems.

In addition, it has been proven empirically that the interaction of the user with
the system is influenced not only by cultural parameters, such as nationality, mother
tongue, country of birth, etc., but also by other parameters such as experience or age
[9]. Therefore, it is difficult to separate cultural influences from experience because
experience is culturally imprinted too (depending on the definition of the terms). To
escape these difficulties at least partly, corresponding measures were used (e.g.,
sensible rating of samples, clear up data sets, keep disturbing variables constant).

2.4 Framework for Culturally-Aware HCI Systems

In the following, the considerations so far will be integrated into a framework for
Culturally-Aware HCI systems. First, the principle of culturally adaptive HCI sys-
tems derived from the findings of the model concerning the relationship between
culture and HCI is presented. From this, a culture-adaptive interface agent architec-
ture is developed, which in turn can be implemented in a demonstrator in order to
prove that its functionality is empirically usable in Culturally-Aware HCI systems.

2.4.1 Principle of Culturally Adaptive HCI Systems
(CAHCI)

The principle of CAHCI by [9] (Fig. 2.3) is in accordance with the ideas of [22],
[23], and [24] and represents a feedback control system that allows the deduction of
values of cultural dimensions by analyzing monitored user interaction behavior and
retrieving associated cultural parameters stored in a database format (both during
the design phase and runtime).

Suitable aspects for cross-cultural user interface design (parameters for cultural
adaptation) can be derived herewith that allow the adaptation of both the “look”
(appearance) and “feel” (behavior) of HCI according to the cultural needs of the
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user. Adaptation parameters are directly visible cultural variables concerning “look”
that are immediately visible (such as color, font, and menu position). The “feel” of
HCI is affected by adaptation parameters (direct hidden cultural variables) that are
perceivable over time, such as menu structure, usage of scroll bars, information
presentation speed, or frequency of messages.

The system has to analyze the interaction behavior of the user to discover
interaction patterns and to behave similarly to the user. This means gaining the
acceptance of the dialog partner through unobtrusive imitation of the behavior of
the dialog partner so that the cognitive models of the system and the user are on the
same wavelength. Reconciling the cognitive models of the system and the user
ensures a certain basic acceptance as well as a fundamental benevolence of the user
with regard to the system (cf. the principle of charity according to [25]). This
increases the possibility that the user will buy a device from the same company
again, provided that its usability, functionality, and politeness are sufficient enough.

The system monitors and records the user’s interaction behavior with the system.
It then analyses this data using cultural interaction criteria to determine the cultural
characteristics of the user. Finally, the system adapts the HCI according to the
cultural preferences of the user, employing HCI design guidelines for intercultural
interface design after asking the user or automatically if expectance conformity is
not hurt or an emergency situation forces it to do so. The basic principle of each
adaptivity consists in observing the behavior of the user with the system, generating
a user model with the system, and automatically adapting the system to the user
[26].

As a result, no cultural dimension will be used to relate the user–system inter-
action behavior to a certain culture. Only the interaction behavior itself will be
classified according to the informational dimensions, whose specifics depend on the
cultural background and imprint of the user. Hence, it is not necessary to classify
the user as belonging to a certain culture, but to a certain interaction behavior from

Fig. 2.3 Principle of culturally adaptive HCI systems
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which the cultural settings the user presumably prefers are known. For instance, if
the user interacts very frequently and quickly with the system, it can be assumed
that either the user is very experienced or they belong to a cultural group which is
highly relationship oriented, such as that of China. By understanding the default
values of the variables of the informational dimensions determined for different
cultures in the design phase, the system can compare those values with those
actually initiated by the user currently interacting with the system. The best
matching patterns allow the system to deduce the cultural adaptation parameters
with which to adapt the HCI with the highest probability of coping with the user’s
cultural needs.

2.4.2 Culturally Adaptive HCI (CAHCI) Architecture

The principle of culturally adaptive HCI systems can be implemented in a culturally
adaptive HCI architecture. A culturally different user employs the device. The
system monitors and records the interaction patterns. The system classifies the
interaction patterns into interaction classes using its knowledge about culturally
dependent variables (CIIs). The principle works if the interaction classes are built
up according to the culturally different users. After recognition of the culturally
imprinted interaction pattern (CIP), the device should be able to adapt to the
interaction preferences of the user and, if defined in the design phase by the
determined guidelines for intercultural HCI design, to the preferences of the user
regarding surface, functionality and interaction. According to the results of the
reflected model and the architecture, additional adaptation can be made for the
preferences of the user that emerge during runtime.

The culturally adaptive HCI architecture consists of several subagents, each of
which fulfills a special sub-task (Fig. 2.4).

The HCI monitoring agent serves to record the interactive user behavior with the
system to retrieve localized data, which is stored in a database communicating with
the database agent. By specifying several profound use cases, the relationship
between the use case and the cultural dimension has been extracted empirically (as
shown in Sect. 2). From this, implications could be made concerning the inter-
cultural parameters (cf. CIIs). The CIIs can be stored in a lookup table [23] and
parts of them can be retrieved to adapt the graphical user interface (GUI) or the
speech user interface (SUI). Thereby, existing possibilities for tracing and logging
user interactions and in general determining and showing the user’s behavior with
the system can be used to recognize the cultural variables and their values within
the localization process. However, the general preparation of the system for many
localized configurations must also be considered to fulfill the concept of interna-
tionalization. The interaction agent deduces the interaction patterns of the user with
the system. In combination with the learning agent, the patterns can be analyzed and
recognized over time according to the identified user to facilitate acquisition of an
adequate model of them, which also contains their cultural characteristics. The
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adaptation agent retrieves the recognized cultural characteristics from the database
agent and adapts the HCI according to the connected HCI aspects for the desired
cultural needs of the user.

2.4.3 Exemplification: Culturally-Aware HCI Systems
in the Automotive Context

Today, in the automotive context adaptivity in driver information and assistance
systems is necessary because the functional and informational complexity of
infotainment systems (a mixture of information and entertaining systems) can no
longer be handled solely by the driver without employing adaptivity [27]:

• 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 and haptic informa-
tion) simply exceeds the mental capacity of the driver.

• The mental workload should be maintained within acceptable limits in dan-
gerous driving situations if the system adapts the information flow for the user

Data
managementDatabase

Learning 
Component

HMI
Adaptation

Cultural
adaptation

rules

Interaction
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Fig. 2.4 Culturally adaptive HCI architecture
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automatically. Due to this, adaptivity must also take external input sources into
account (for instance from pre-crash sensors).

• The output modality has to be adapted automatically for at best the least
workload (for example by using different displays).

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

• The user preferences must be considered and covered, which depend on the
cultural background of the user.

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

• There are many different groups of drivers that exhibit their own “culture” (for
example interaction behavior), whether this is regarding groups at an interna-
tional level or at a national level (such as social, ethnic, or driver groups).

• The local market for cars has increasingly become a worldwide market. Future
infotainment systems will 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.

Hence, it is necessary to build Culturally-Aware HCI systems because of urgent
application cases. Enhanced algorithms are needed to enable the system to auto-
matically and correctly adapt itself to the culturally imprinted needs of the user to
bring the mental model of the system in line with the user’s mental model.

2.5 Culturally-Aware HCI Demonstrator

The significant statistically discriminating cultural interaction indicators identified
by the studies mentioned above motivated the author to demonstrate that they also
work in a real environment. By means of a demonstrator, some important cultural
variables, as well as the CAHCI principle (cf. Fig. 2.3), were exemplified to support
the following argumentation: If the CAHCI demonstrator is capable of classifying
the user according to their interaction with the system and correctly according to
their cultural characteristics, then there is empirical proof that parts of the interre-
lationship between the HCI dimensions relevant for HCI design and the cultural
dimensions are correct.

A demonstrator regarding culturally (adaptive) HCI requires the following
properties to show the correctness of the theorized models and guidelines as well as
the CAHCI principle :

• Parameterization with intercultural properties for different cultural groups;
• Recognition of the specifics of the cultural variables through user monitoring;
• Automatic adaptation of the HCI to the cultural needs of the user (i.e., CAHCI).
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CAHCI functionality has, therefore, been integrated in a portable navigation
system called the “CAHCI demonstrator” (Fig. 2.5).

2.5.1 Setup, Runtime, and Using the CAHCI Demonstrator

Some of the variables for cultural adaptation that best categorize the HCI style of
people from different cultures have been implemented in the CAHCI demonstrator
in order to show that the CAHCI principle works in a real system—and not only
statistically (cf. Sect. 2.2.1).

The following aspects can be covered and adapted within the CAHCI
demonstrator:

• Color scheme of the map display;
• How often a voice output will be repeated automatically (NIT);
• Speed of the voice output (TPI);
• Number of displayed road names (*POI);
• Number of buttons and configuration possibilities in menus (*POI);
• Number of POIs (POI);
• Language.

The CAHCI demonstrator consists of three modules according to the three main
parts of the principle of culturally adaptive HCI: the monitoring module, analysis
module, and adaptation module. Table 2.2 gives an overview regarding some
aspects of the possible adaptation levels and parameters within the CAHCI
demonstrator for the adaptation of the HCI according to preliminary Chinese user
expectations obtained through a qualitative survey with 20 Chinese students in
Hangzhou.

Only five adaptation levels (none of which are fuzzy) have been implemented
into the demonstrator due to cost restrictions and the system performance

Fig. 2.5 The CAHCI
demonstrator based on a
mobile driver navigation
system
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limitations of the embedded technology. The C-value is the cultural index, which
expresses the assumption strength that the user is a Chinese user (calculated by the
system) as a percentage; that is, if the C-value is 100, the system has recognized a
Chinese user; if the C-value is 0, the system has recognized a German user. MD
indicates that the adapted aspect is mostly relevant for the use case of presenting
information on a map display. MG indicates the “maneuver guidance use case.”

Depending on the C-value, the look and feel of the demonstrator will change
according to the adaptation levels presented in Table 2.2. (S) means “standard,” that
is, the default settings for German users are used, and (A) means that the HCI is
adapted to Chinese users (for instance, a status bar with icons is displayed in the
bottom right instead of in the top left of the screen). According to the results of the
qualitative survey (cf. Sect. 2.2), Chinese users prefer the most important infor-
mation to be in the top left (vs. the least important information in the bottom right).
If the system recognizes that the user behaves like a Chinese user, it adapts the HCI
to the Chinese settings according to the content of the C-value (Fig. 2.6). Figure 2.7
shows the differences in the appearance of the map display of the navigation system
for German and Chinese settings.

Table 2.2 Adaptation levels provided by the CAHCI demonstrator depending on the C-value

Adap-
tation
level

Number of
POI
(MD) [POI]

Highway
color
(MD)

Route
color
(MD)

Number of
announcements
(MG) [NIT]

Voice speed
(MG) (Words per
second) [DIP]

C-value
(%)

1 40 Blue Light
blue

1 50 0–20

2 80 Light
blue

Light
violet

2 100 20–40

3 120 Turquoise Violet 3 150 40–60

4 160 Light
turquoise

Light
red

4 200 60–80

5 200 Green Red 5 250 80–100

Fig. 2.6 The initial screen of the CAHCI demonstrator (standard (left) for German users and
adapted (right) to Chinese users)
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Many more elements could be considered and adapted in intercultural HCI
design regarding icon and symbol design, layout, language, text size, format, units,
street names, etc. [28]. However, to localize and internationalize driver navigation
systems in general remains a task for software developers and HCI designers in the
industry.

2.5.2 Evaluating the CAHCI Principle

The functional test presented in this section served to prove the classification
correctness and the proper functionality of the CAHCI principle, that is, that the
basic principles of cultural adaptivity (monitoring, analyzing, adapting) work.

Twenty-five (13 Chinese and 12 German) users were asked to complete several
test tasks as quickly as possible. Questions could be directed to the test leader, if
necessary. For evaluation at the time, two groups from different cultures with
similar conditions regarding use case, education, profession, age, and gender were
built. Interaction data that emerged during the interaction of the users with the
CAHCI demonstrator were recorded by the logging module of the demonstrator.
The data sets were analyzed using the IIA data evaluation module using a neural
network, as described in [10] . The results of the analysis led to the following
statements:

• The number of total entries in the log file (representing the amount of user
interaction), error clicks, and mouse moves classified very well.

• The more frequent the interaction breaks greater than 10 s, the less experienced
or trained the user is at handling the application—a higher cognitive processing
time of the user could also explain this—or the user is Chinese.

• The longer the test duration, the more exact or less experienced the test person is.
• The more interaction breaks <1 ms (equal to the number of scrolls <1 ms, i.e.,

moves with the finger on the touch screen, a.k.a. “mouse moves” (MM), or

Fig. 2.7 Differences in map display according to user interaction behavior [left: German setting
(adaptation level is 2, C-value = 25); right: Chinese setting (adaptation level is 4, C-value = 62)]
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“mouse movement speed” (MMS)), the less experienced the user is at dealing
with use cases of driver navigation systems, or the user is very hasty or Chinese.

• Cross-validated interaction breaks (<1 ms and >10 s) classify up to 72% of the
users correctly to their cultural background (Chinese or German). Including the
third parameter (“test duration”) within a linear discriminant analysis, the
classification rate reached 74%.

Results showed that interaction differences exist between Chinese and German
users. The averaged values of the culturally different groups tend to always be in
one direction, which indicates a trend regarding CIPs. In addition, from the 25 data
sets, nine were analyzable by linear discriminant analysis to calculate the statistical
classification power of the CIIs used in the CAHCI demonstrator. Surely, this result
reflects the small sample size and depends on several statistical settings (such as
how many and which variables are in the set to which the linear discriminant
analysis is applied or what including and excluding statistical limits are set).
However, one-way ANOVA showed that the CIIs work very well: their discrimi-
nation power is high, and hence their weight within the adaptivity algorithm
implemented in the CAHCI demonstrator using production rules is also high.
Table 2.3 lists a ranking of the excellence of the CIIs used in the CAHCI
demonstrator (green-marked).

Out of the implemented cultural indicators in the CAHCI demonstrator, two CIIs
(“Mouse Up” and “Scrolls <1 ms”) classified (cross-validated) 80% of the users
correctly to their cultural background (Chinese or German). “Mouse Up” represents
the measuring variable “mouse clicks” (MC). “Scrolls <1 ms” measures the number
of interaction breaks less than 1 ms, representing the MM from which the MMS can
be derived over time. Additionally, it can be proven that the CAHCI demonstrator
classifies the nationality of the test user correctly to the interaction behavior of the
test user. For example, the CIIs Nr_Of_Scrolls_Shorter_Than_1 ms,
Breaks_Greater_Than_10 s, and Nr_Of_Scrolls_Over_1 ms, which represent in-
teraction breaks, using a touch screen, and mouse up und counter entries, classify
the respective nationality up to 80% correctly for the interaction of the test user.

There are classification quotes significantly over 50%, which proves that the
results have not been found randomly, but support themselves mutually. Hence,
these results prove that the CAHCI principle works not only statistically, but also
within a real system exemplified by a mobile driver navigation system.

The obtained results using the CAHCI demonstrator justify the direction of
research in this work, which supports further studies that will increase the exactness
and the completeness of the results as well as the discriminatory power and sepa-
ration effect of the CIIs.
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Table 2.3 CIIs used in the CAHCI demonstrator

Keyboard Button_NORM 22 2.007 0.17 0.674 0.2215231788 13 
No Button_NORM 16 1.472 0.237 0.969 0.1624724062 14 
Nr of Mouse Clicks_Since Start 
Driving_NORM 11 0.976 0.333 0.643 0.1077262693 15 
Whole Scrolling Time_NORM 7 0.617 0.44 0.098 0.0681015453 16 
Average Scrolling Time_NORM 6 0.54 0.47 0.113 0.0596026490 17 
Duration of Test in Min 3 0.263 0.613 0.047 0.029028697 18 
Nr of Scrolls_NORM 2 0.189 0.668 0.49 0.0208609272 19 
Nr of IO Breaks Shorter than 
1s_NORM 2 0.158 0.694 0.332 0.017439293 20 

Legend: 
Best variable with best 
significance and very high 
F-value 100 9.06 

p=0.00
6 h=0.047 

Ref.: 1.00 = 
100% of F max

(9.06) 1 
Very good variable with 
significance p < 0.05 and very 
high F-value 

48–59 
(100) 

4.382
–9.06 

p < 
0.05 

Good variable with significance 
p < 0.1 and high F-value 34-46 

3.091
-4.14
1 p < 0.1 

Bad variable without significance 
and very low F-value 2–27 

0.158
–2.43
6 p > 0.2  

Worst variable with worst 
significance and very low F-value 2 0.158 

p=0.69
4 h=0.969 0.017439293 20 

Cultural Interaction Indicator 
Weigh
t in % 

F-Va
lue 

Signifi
-cance 

Homogene
ity of 
variances 
[h] Weight [0;1] 

Ran
-kin
g 

Nr of IO Breaks Over 
10s_NORM 100 9.06 0.006 0.539 1.000000000 1 
Mouse Up_NORM 59 5.353 0.03 0.867 0.5908388521 2 
Counter Entries_NORM 49 4.478 0.045 0.947 0.4942604857 3 
Total Entries_NORM 48 4.382 0.048 0.82 0.483664459 4 
Mouse Down_NORM 46 4.141 0.054 0.722 0.4570640177 5 
Nr of IO Breaks Over 1s_NORM 41 3.69 0.067 0.571 0.407284768 6 
Mouse Up_Error Click_NORM 40 3.629 0.069 0.111 0.4005518764 7 
Mouse Down_Error 
Click_NORM 40 3.619 0.07 0.053 0.3994481236 8 
Nr of Error Clicks_all_NORM 40 3.619 0.07 0.53 0.3994481236 9 
Normal Entries_NORM 39 3.519 0.073 0.769 0.3884105960 10 
Nr of IO Breaks Shorter than 
1ms_NORM 34 3.091 0.092 0.053 0.341169977 11 
Nr of Mouse Clicks_all_NORM 27 2.436 0.132 0.512 0.2688741722 12 
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2.5.3 Enhancing the CAHCI Demonstrator

Cultural adaptivity does not only concern the look and feel of the user interface, but
also the interaction devices as well as the number and the type of system functions
[14] that can be changed dynamically according to user preferences and the usage
context [29]. Thus, designing an appropriate system according to the user in the
design phase helps to avoid the problems arising from adaptivity. For instance, it is
problematic that automatic adaptation (adaptivity) 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: the behavior of the system has to be in
accordance with the beliefs of the user to prevent unexpected situations for the user.
In addition, legal restrictions have to be taken into account, as only the effects of
user actions are allowed to be permanently stored, but not the log files of the
personalized sessions themselves.

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? Adaptivity may not surprise the user
but must be in accordance with the mental model of the user [30]. Additionally,
there are culturally dependent questions which have to be answered. For example,
what cultural aspects must be adapted? Which of them can be adapted
automatically? Additional technical problems include when to stop behavior
analysis and start adapting (“the bootstrapping problem”) (one example for a
possible solution to the bootstrapping problem can be found in [31]).

As long as no solution is available that can achieve meaningful adaptations from
minimum data automatically, it remains necessary to investigate standard parameters
and their values very early in the design phase, and 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,
for example, 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 set
simultaneously as standard parameters for the desired country. Furthermore, the
adaptive system obtains the 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).

The near-term objective is to enhance the tool for “cross-cultural HCI analysis”
by applying enhanced techniques using statistical and data mining methods and
semantic processing to extract cultural variables and their values as well as guide-
lines for cross-cultural HCI design in a more automatic way. The mid-term objective

2 Culturally-Aware HCI Systems 31



is to analyze and evaluate the test data in more detail to generate several algorithms
for adaptivity based on neural networks as well as structural equation models to
prove basic theoretical cultural interaction models. In the long-term view, the best
discriminating algorithms for adaptivity will be transformed and implemented in
Culturally-Aware HCI systems to be evaluated qualitatively using intercultural
usability tests with users of different cultures and users under mental stress.

2.6 Implications for Culturally-Aware HCI Systems

The findings so far indicate some recommendations for designing Culturally-Aware
HCI systems. CIIs from the culturally influenced HCI model serve as basis for the
quantitatively derivation of adaptation rules concerning HCI according to the cul-
turally imprinted interaction patterns of the user with the system at runtime to
ensure cultural adaptivity of HCI (CAHCI) in Culturally-Aware HCI systems.

2.6.1 Quantitative Apparatus of Recognition

The specifics (values) of intercultural variables can be determined purely quanti-
tatively through analysis of the interaction of the user with the system (considering
only the interaction tracing log file of the system). Hence, it is possible to determine
the culturally imprinted characteristics of the user by analyzing the interaction of
the user with the system. Furthermore, the greater the cultural distance, the greater
the difference in the kind of interactions of humans with a system (computer,
machine, navigation system, etc.). It has been statistically proven that there are
significant cultural differences in the interaction behavior of the user with the
system using the IIA tool. The combination of cultural differences represented by
CIIs form CIPs according to the cultural imprint of the user. There are different
patterns of interaction in HCI (composed of combinations of CIIs) that are cul-
turally significant depending on the cultural imprint of the user; that is, it has been
statistically and empirically proven that the interaction of the user with the system
depends on the user’s cultural background. Furthermore, the cultural interaction
differences of the users with the system have been identified quantitatively and not
qualitatively (by using interaction times or the number of interactions): they can be
statistically identified and measured by a computer system (using the IIA tool and
the CAHCI demonstrator). Cultural interaction differences in HCI can be recog-
nized and measured quantitatively by a computer system (although only by mon-
itoring and analyzing the interaction of the user with the system quantitatively,
resulting in the adequate culturally dependent specifics for the intercultural vari-
ables). For this purpose, it is suggested to deploy the principle of culturally adaptive
HCI systems (cf. Sect. 2.4.1) as well as the culturally adaptive HCI architecture (cf.
Sect. 2.4.2) in Culturally-Aware HCI systems.
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2.6.2 Deploying the Culturally Influenced HCI Model

The interaction of the user with the system in HCI is influenced by static aspects
(preferences), which are present due to the cultural shaping of the user and their
experience with the system, and due to dynamic aspects depending on the situation.
Therefore, the type of user–computer interaction within HCI must be adaptable in
such a way that the system can do justice to the interaction requirements of the user
(i.e., the specifics of the HCI dimensions).

The empirical results obtained through the described study partly confirm the
relationships theorized in the literature by showing that there are metrics composed
of CIIs, which are adequate for measuring culturally influenced HCI as a basic
property of Culturally-Aware HCI systems. The values of the CIIs revealed inter-
esting tendencies in user interaction behavior (i.e., HCI style or HCI characteristics)
related to the cultural imprint of the user. Therefore, it should be possible to
complete and optimize the explanatory model of culturally dependent variables for
HCI design using the methods of factor analysis and SEMs by revising the rela-
tionship between user interaction and user culture.

The design of Culturally-Aware HCI systems can continue to profit as long as
the presented culturally influenced HCI model is developed and validated. The
ideas presented in this chapter represent a reasonable step toward an explanatory
model of culturally influenced HCI. As this process continues, the connections
between HCI and culture will become clearer and comprehensive in the end, even if
much work still remains (for instance, improving the separation power of the CIIs
or the explanation strength of the model of culturally influenced HCI).

2.6.3 Design Recommendations

With regards to additional parameters for adjusting HCI according to the cultural
needs of the user to provide for and tend to adequate slots for the CIIs presented in
this work, the following aspects should at least be considered very carefully when
designing new architectures of Culturally-Aware HCI systems or extending existing
systems in addition to explicit formation principles when designing adaptive HCI
systems for vehicles in the Automotive context, cf. [28, 30, 32–36]:

• The number of information units presented simultaneously (e.g., POIs in the
map display should be about a half in number for German than for Chinese
users. Number, duration, and frequency of information units presented
sequentially (e.g., (system) messages or maneuver advice in maneuver guidance
should be lower in number for German than for Chinese users).

• When designing information systems, consider that the frequency and usage
speed of interaction devices (e.g., a touchscreen, hard keys, or a mouse) are
almost twice as high and fast but less exact for Chinese than for German users
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Furthermore, some results of this work can be expected to be valid for HCI
design in general, because there are culturally sensitive variables that can be used to
measure cultural differences in HCI simply by counting certain interaction events
without the necessity of knowing the semantic relations to the application. Such
indicators include the number of MM, breaks in the MM (¬INMM), MMS, MC,
interaction breaks in general (¬IN), and the number of acknowledging system
messages (AM) or refusing system messages (RM). Surely, all these indicators can
also be connected semantically to the use cases of applications running on the
system. However, simply counting such events related to the session duration from
users of one culture and comparing them to those of users of another culture is
obviously sufficient to indicate differences in the interaction behavior of culturally
different users. Furthermore, the values of the CIIs change in a similar way even if
different use cases and test tasks are applied. Hence, those CIIs can be called
“general cultural interaction indicators” (GCIIs) and that can be applied in
Culturally-Aware HCI systems in general.

Using methods of artificial intelligence may help to fulfill the steps to achieving
cultural adaptivity, which in turn will broaden universal access in the application of
the following culturally adaptive HCI principles (cf. Sect. 2.4):

• Learning the differences in the interaction of the users of different cultures.
• Classifying interaction patterns according to culture.
• Determining the user preferences according to culture.
• Adapting HCI according to user preferences.
• Learning user preferences by observing HCI over time.
• Integrating knowledge from observation into the system’s user model.

Finally, to improve system intercultural usability, it is necessary to interna-
tionalize and to localize intercultural variables; that is, to consider such variables
within the process of product design [5].

2.7 Conclusions and Outlook

Culturally-Aware HCI systems need a cultural model that allows them to auto-
matically derive adaptation rules to adapt the system’s HCI to the culturally
imprinted user’s needs (cf. Sect. 2.1). Statistically valid and significant results from
two empirical studies confirmed (cf. Sect. 2.2) that special combinations of cultural
interaction indicators (CIIs), are statistically discriminating enough to enable
computer systems to detect different culturally influenced interaction patterns
(CIPs) automatically and to relate users to a certain culture behavior according to
the theorized principle of culturally adaptive HCI.

Reflections have been made to generate a structural equation model (SEM) of the
relationship between HCI dimensions and cultural dimensions (cf. Sect. 2.3). For
example, the higher the relationship orientation (e.g., toward collectivism), the
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higher information density, information speed, information frequency, interaction
frequency, and interaction speed are and vice versa. However, further research
showed that no cultural dimension has to be used in the first place to relate the
interaction behavior of the user with the system to a certain culture. Only the
interaction behavior itself will be classified according to the HCI dimensions, whose
specifics depend on the cultural background and imprint of the user. Therefore, it is
not necessary to classify the user to a certain culture, but to a certain interaction
behavior from which the cultural settings the user presumably prefers are known.

According to the CAHCI Architecture (cf. Sect. 2.4), by knowing the default
values of the variables of the HCI dimensions determined for different cultures in
the design phase, the system can compare those values with those actually initiated
by the user currently interacting with the system. The best matching patterns allow
the system to deduce the cultural adaptation parameters and adapt the HCI with the
highest probability of coping with the user’s cultural needs.

Even though the results of the quantitative studies conducted up to now have
primarily concerned and demonstrated the cultural differences in HCI related to use
cases in driver navigation systems for the Automotive context exemplified by the
CAHCI demonstrator (cf. Sect. 2.5), they serve to offer some confirmed facts and a
basis for providing at least some general recommendations (even if no guidelines
are available) for the design of intercultural user interfaces in Culturally-Aware HCI
systems (cf. Sect. 2.6).

It is up to future studies to derive scientifically sound and practically relevant
design guidelines from explanatory models for culturally influenced HCI.
Furthermore, they must reveal, for instance, the degree of acceptance of cultural
adaptivity of the user as well as the degree to which the user’s mental workload is
affected using cultural adaptivity in Culturally-Aware HCI systems.
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