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Abstract. This paper describes a tool for analyzing cross-cultural human 
computer interaction (HCI). From literature and reasoning possible cultural HCI 
indicators have been identified and measured with this tool to compare them in 
respect to the different culture of the users. Concept, implementation, usage, 
benefit and implications of this tool will be presented. Two online studies using 
this tool concerning cultural adaptability exemplified by use cases of navigation 
systems revealed differences in interaction behavior that depend on the cultural 
background of the users (e.g. attitude, preference, skill etc.) and proved that the 
tool is working properly.  
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1   Introduction 

The "Intercultural Interaction Analysis" tool (IIA tool) was developed to obtain data 
regarding cultural differences in HCI simulating use cases – in this case, navigation 
systems [6]. The main objective of the IIA tool is to observe and analyze the 
interaction behavior of users from different cultures with a computer system to 
determine different interaction patterns according to the cultural background of the 
users. Culture influences the interaction of the user with the computer because of the 
movement of the user in a cultural surrounding [13]. To locate and find out the kind 
of different interaction behavior of the users from different cultural groups (at 
national level (country) first because of the high cultural distance) the interaction 
behavior of the users with the computer will be observed and detected. The objective 
is to be able to draw inferences regarding differences of the cultural imprint of users 
by analyzing the interaction behavior of those users with a computer system to get 
knowledge that is relevant for intercultural user interface design and a necessary 
precondition for cultural adaptive systems [7]. E.g. the right number and arrangement 
of information units is very important for an application whose display is very small 
and at the same time the mental workload of the user has to be as low as possible  
(e.g. driver navigation systems). 
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2   A Tool for the Analysis of Cultural Differences in HCI 

2.1   Basic Reflections 

Measuring the User Behavior. Most methods to measure the user behavior are 
located in the domain of psychological research. They are designed with respect to 
intercultural phenomena concerning human-human-interaction and intercultural 
communication. Measuring user behavior in cross-cultural HCI has not been 
investigated in such detail. Therefore, it is necessary to perform research in this area 
by introducing new methods such as analyzing critical interaction situations between 
humans and computer or machines, computer-supported cooperative work or 
cognitive technology research [6]. One of the most promising approaches is to employ 
usability metrics, because of its empirical value [15] [2]. The objective is to find 
cultural differences in quantitative metrics for HCI by relying on existing metrics in 
HCI and developing new metrics that are adequate to measure cross-cultural HCI. 
Thus, the IIA tool has been designed and used to conduct two studies to get new 
findings in this area.  

Use Cases of Cross-Cultural HMI Design in Automotive Navigation Systems. In 
order to limit the scope of research, representative and demonstrative use cases have 
been restricted for cross-cultural HMI in automotive navigation systems. The most 
interesting use cases possess a high degree of interactionality. One such significant 
use case is voice guidance: the driver receives subsequent information as to when and 
in what distance a driving maneuver needs to be performed to reach a predefined 
destination. In Japan, it is common in current automotive navigation systems to 
present this piece of information to the driver very frequently. In Germany, this would 
be felt as information overload. This difference can be explained according to Hall 
[3], who claims that every culture has its own speed of communication as well as to 
Hofstede’s cultural dimension of uncertainty avoidance [9]: Japanese are worrying 
more about not having enough information than Germans [12]. Relationship-oriented 
cultures accept high information speed in contrast to task-oriented cultures that like to 
concentrate on their tasks instead of wasting time with communicating information, 
which is not task-oriented such as chatting with other people [5] [3]. Another use case 
is destination input. Which input methods does the user prefer? In China, input 
method editors have to be used because of the numerous Chinese characters. Yet 
another use case is map display. What map direction is best according to the user’s 
cognitive style? How many points of interest (POI) should be presented to the user? 
Task-oriented users prefer fulfilling tasks to relationships (during working hours, e.g. 
professional drivers). The knowledge, whether the user is more relationship-oriented 
or more task-oriented, may be derived from the user interaction behavior. For 
example, pressing buttons very exactly and navigating very directly, without 
permitting disturbances or interruptions by other people or the system, increases the 
probability that the user is task-oriented because he takes the task very seriously. 

Implementation of Test Tasks. Using the method of literature research and 
analytical reasoning, 118 potentially culturally sensitive parameters have been 
identified, implemented into the IIA tool and applied by measuring the interaction 
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behavior of the test persons in relation to the culture [6] [7]. The IIA tool consists of 
three elements: a data collection module, a data analysis module and a data evaluation 
module for cross-validation of data. To test some of the most important 
interrelationships between culture and information processing, the IIA tool allows the 
measurement of numerical values like information speed, information density, 
information context and interaction speed in relation to the user. These are 
hypothetically correlated to cultural variables concerning the surface level like 
number or position of pictures in the layout or affecting the interaction level such as 
frequency of voice guidance. Thus, a hypothesis like “there is a high correlation of 
high information density to relationship-oriented cultures such as China” should be 
confirmable by adjusting more POI by Chinese users compared to German users. So, 
the use case “map display” was simulated by the map display test task to measure the 
number of pieces of information on the map display regarding information density 
(e.g. restaurants, streets, points of interest (POI)) (Figure 1). 

 

Fig. 1. Map display test task 

Every one of the test tasks serves to investigate other cultural aspects of HCI. E.g. 
the special use case “maneuver guidance” has been implemented into the test task 
“maneuver guidance” where the test user has to adjust the number and the distance of 
the maneuver advice messages on the screen concerning the frequency and speed of 
information. Both abstract and special use cases have been implemented in this way 
as test scenarios into the IIA data collection tool in order to obtain results for the 
design of navigation systems [6]. Based on this principle, this test tool can also be 
used to investigate the values of other cultural variables like widget positions, menu 
structure, layout structure, interaction speed, speed of information input and output, 
dialog structure, etc. The test tasks (use cases) are localized but designed semantically 
identical for all users: they can be done by users of many different cultures.  
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IIA-Tool Setup, Test Setting and Usage. A user test session with the IIA tool 
comprises five parts: collection of demographic data, test tasks, VSM94 
questionnaire, evaluation of results by the user, and debriefing questionnaire. The 
demographic questionnaire part delivers knowledge about the cultural background 
of the user (mother tongue, languages, nationality, residence in foreign countries). 
The developed and implemented test tasks in the IIA tool serve to motivate the 
user to interact with the computer and to test previously postulated hypotheses. To 
analyze the cultural values of the users, the value survey module (VSM94) has to 
be filled in by the user [10]. The VSM94 contains 26 questions to determine the 
values of the cultural dimensions using the indices from Hofstede that characterize 
the cultural behavior of the users [9]. The results of the VSM94 and of the test 
tasks are presented to the user who then has to estimate whether or not the cultural 
and informational values found correlate or match to him. The debriefing part 
reveals the purpose of the test to the user in detail and collects data regarding the 
usability of the test system, the perceived difficulty of the test in general and if the 
implemented hypotheses in the test tasks have been recognized by the user during 
the test session. During the whole test session, the IIA tool records the interaction 
between user and system, e.g. mouse moves, clicks, interaction breaks, or the 
values and changing of slide bars set up by the users in order to analyze the 
interactional patterns of users of different cultures.  

2.2   Study and Data Collection 

A local heuristic pre-study with seven Chinese and eleven German students served 
to check the intercultural usability of the IIA tool. This qualitative offline study 
showed the first interesting results regarding cultural dependent differences in 
interacting with the IIA tool. Some of the results have been confirmed by two 
online studies that have been conducted subsequently to verify the functionality 
and reliability of the IIA tool: Employees from SiemensVDO were invited per 
email to download the IIA tool and to do the test session. Table 1 characterizes the 
two online studies regarding total sample size, total tests downloaded, tests 
aborted, valid test data sets and total return rate. 

Table 1. Setup of the Online Studies with the IIA tool 

Study Sample size 
Survey 
period  

Total 
tests 

down-
loaded 

Tests  
aborted

Valid 
test 
data 
sets 

Total 
re-

turn 
rate 

# Total China 
USA / 
Canada 

Ger- 
many  # in % # in % 

1 600 200 200 200 
12/14/05 -
01/14/06 166 41,5 102 16,6 

2 14500 1500 4500 8500 
11/14/06 - 
01/19/07 2803 66,8 916 6,3 
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The tests have been aborted due to the following reasons: download time too long, 
no time to do the test now, test is not interesting or appealing. This type of qualitative 
data can help to optimize the testing equipment or to steer the direction of data 
analysis simply by asking the user for the reasons of his behavior during the test  
(e.g. using open questions via text boxes). Only complete and valid data sets have 
been analyzed using the IIA data analysis tool and the statistic program SPSS. The 
discrimination rate of classifying the users to their selected test language by the 
variables concerning the cultural background of the user (mother tongue, nationality, 
country of birth and primary residence) is 83.3% for the first and 81.9% for the 
second study.1 Therefore, the differences in HCI in this study have been analyzed in 
relation to the three groups of test persons according to the selected test languages 
(Chinese (C), German (G), and English (E)).  

Study Results: Cultural Interaction Indicators. The pre-study indicated that there 
are differences in the interaction between C and G with the computer regarding the 
order of pictures (more ordered by G than by C), test duration (longer for C), error 
clicks (C more than G) and telling the truth regarding computer experience  
(C understated their experience pretty much). One-way ANOVA, which is a statistical 
method to compare the means of more than two independent samples, was used in the 
two online studies to get significant cultural differences in variables, which are 
distributed normally. The results of the test of homogeneity of variances indicate 
whether (p>.05) or not (p≤.05) the variables are distributed normally. A third of the 
potential variables is distributed normally and hence analyzed by ANOVA. Some of 
the variables show significant differences, which therefore can be called cultural 
interaction indicators. They represent significant differences in user interaction due to 
the different cultural background of the users (Table 2).  

Table 2. Significant Cultural Interaction Indicators 

Cultural interaction indicator First study Second study 

Speed (MG) F(2,102)=8,857** χ² (2,916)=29,090** 

MessageDistance (MG) F(2,102)=7,645** F(2,916)=16,241** 

POI (MD) F(2,102)=3,143* χ² (2,916)=32,170** 

MaximalOpenTasks χ² (2,102)=12,543** F(2,916)=15,140** 
MaximalOpenTasks ratio 
(C,G,E) 2.5 : 1.4 : 1 1.7 : 1.03 : 1 

Information speed value χ² (2,102)=17,354** χ² (2,916)=82,944** 

Number of chars χ² (2,102)=16,452** χ² (2,916)=67,637** 

The interactional differences between the user groups separated by the test 
languages have been identified using the Tukey-HSD-Post-Hoc-Test after one-way 
                                                           
1  The discrimination rate and the standardized coefficients of the canonical discriminance 

functions in the brackets have been calculated using discriminance analysis (cross validated 
and grouped, Wilk's Lamda in study 1: λ1-2=.072**, λ2=.568**, Wilk's Lamda in study 2:  
λ1-2=.192**, λ2=.513**). The level of significance is referenced with asterisks in this paper  
(* p<.05, ** p<.01). 
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ANOVA. For the remaining variables, which are not distributed normally, Kruskal-
Wallis-test has been applied. The variables in the valid test data sets are not 
distributed comparably in the first and second online data collection. Therefore, the 
same variables have been analyzed either by ANOVA or by Kruskal-Wallis-test 
(indicated with F or χ² in Table 2): Speed (MG) means the driving speed of the 
simulated car in the maneuver guidance test task ((C) less than (G) and (E)). 
MessageDistance (MG) denotes the temporal distance of showing the maneuver 
advice messages in the maneuver guidance test task. (C) desired about 30% more pre-
advices (“in x m turn right”) than the other users before turning right. This can be an 
indication for higher information speed and higher information density in China 
compared to Germany, for example. POI (MD) counts the number of points of interest 
shown in the navigation map display. Information density increases with the number 
of POI and is two times higher for (C) than for (G) or (E). MaxOpenTasks is a metric 
variable, which represents the maximum number of open tasks in the working 
environment (i.e. running applications and icons in the Windows TM task bar) during 
the test session with the IIA data collection tool. (C) tend to work on more tasks 
simultaneously than (G) or (E) which can be possibly explained by the way of work 
planning (polychrome vs. monochrome timing, [4]) or the kind of thinking (mono-
causal (sequential) vs. multi-causal (parallel) logic, [14]). Information speed value 

represents the time the maneuver advice message is visible on the screen. (C) and (G) 
wanted the messages to be visible about 40% longer than (E) do. Number of Chars 
contains the number of characters entered by the user during the maneuver guidance 
and map display test tasks in answering open questions. This is explained by the fact 
that the Chinese language needs considerably less characters to represent words than 
English or German.  

The cultural interaction indicators can be visualized also when applying the IIA 
data analysis tool to plot “cultural HCI fingerprints” (in the style of Smith and Chang 
[16]) which represent the cultural differences in HCI in respect to several variables for 
HCI design that depend on the cultural background of the potential target group of 
users (Figure 2). 

 

Fig. 2. Examples of “Cultural HCI Fingerprints” (different values of the cultural interaction 
indicators according to test languages) plot by the IIA data analysis tool 
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Discussion of Results: Classification Power of the Cultural Interaction Indicators. 
Step-by-step discrimination analysis (“Jackknife-Method”) offers iterative analysis of the 
best discriminating cultural interaction indicators automatically out of the given set of the 
potential ones. The resulting discriminating rate for classifying all test users to their 
selected test languages simultaneously and correctly is 60% (Table 3).  

Table 3. Significant Cultural Interaction Indicators 

Classification results in % by statistical 
discriminance analysis 

Test 
language Predicted group membership 

Study   Chinese German English 

1 Cross validated total: 60,80 Chinese 58,82 29,41 11,76 

 Wilk’s λ1-2=.574**, λ2=.855** German 9,09 70,45 20,45 

 pinclusion=.05, pexclusion=.1 English 29,17 25,00 45,83 

2 Cross validated total: 59,90 Chinese 35,58 23,08 41,35 

 Wilk’s λ1-2=.649**, λ2=.850** German 4,55 61,76 33,69 

 pinclusion=.05, pexclusion=.1 English 6,45 29,49 64,06 

The following cultural interaction indicators have been employed for the data set of 
both studies: interaction speed, information speed value, interaction exactness value, 
maneuver, maximal open tasks, number of POI, restaurants, streets, chars and 
uncertainty avoidance value. Applying the same method classifying the cases to two 
groups (instead of three at the same time), the discriminating rate increases 
tremendously: between German and English test language the discriminating rate 
goes up over 70% and between Chinese and German test language the discriminating 
rate is even higher than 80%. 

3   Discussion: Scope, Reliability and Benefit of the IIA-Tool 

The simulations of special use cases within the IIA tool can show usability problems 
and differences in user interaction behavior. All levels of the interaction model 
(physical, lexical, syntactical, semantic, pragmatic and intentional) necessary for 
dialog and interaction design can be analyzed with the IIA tool [7] [8]. The collected 
data can be quantitative (related to all test persons, e.g. the mean of a Likert scale) and 
qualitative (related to one single test person, e.g. an answer to an open question) [1]. 
The preparation of the collected data takes place mostly automatically by the IIA data 
collection tool that saves much time, costs and effort. The data will be stored in 
databases in a format, which is immediately interpretable by the IIA analysis tool that 
also processes possible subsequent converting or data preparation. Moreover, the 
collected data sets have a standard format so that anyone can perform own statistical 
analyses. This means that the results of this study are verifiable because they can be 
reproduced using the IIA tool. The statistic program SPSS, neural nets and AMOS 
can be directly fed with data and deployed to achieve descriptive or explanatory 
statistics, correlations and explorative or confirmatory factor analysis, to explore 
cultural differences in the user interaction as well as to find a cultural interaction 
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model using structural equal models. The programming language “Delphi” was used 
to create one single software tool, which can be provided for online download per 
Internet or Intranet, as well as offline per CD. To avoid downloading and interaction 
delays in the online version, the IIA tool is not an applet or web application but an 
executable program file on a file server that can be downloaded onto the local hard 
disk of the users worldwide. This allows the tool to measure the interaction behavior 
of the user during the test sessions correctly and comparably. The Delphi IDE allows 
transforming new HMI concepts easily and quickly into professional looking 
prototypes that can be tested very soon in the development process: some of the 
hypotheses above have been confirmed quantitatively addressing many test users 
online using the IIA tool within about one month (implementing the use cases as well 
as doing data collection and data analysis). The studies with the IIA tool comparing 
Chinese and German users revealed different interaction patterns according to the 
cultural background of the users regarding e.g. design (complex vs. simple), 
information density (high vs. low), menu structure (high breadth vs. high depth), 
personalization (high vs. low), language (symbols vs. characters) and interaction 
devices (no help vs. help) [7]. Furthermore, the two online studies revealed many 
reciprocal confirmed aspects: the high discrimination rate of over 80% and the high 
accordance between the cultural interaction indicators found by one-way ANOVA 
and Kruskal-Wallis-Test respectively. To verify the discriminating rate by a more 
practical method, a back propagation network has been implemented into the IIA data 
evaluation tool. All values of the 118 potential metric cultural interaction indicators of 
all data sets have been z-transformed and normalized to the range of [0;1] to be able 
to feed the input neurons with comparable data. Three output neurons indicate the test 
languages Chinese, German and English. According to the network topology and 
learning rate, the discriminating rate climbs up to 80% for correctly classifying the 
users to the used test language. Also qualitative studies, e.g. from Vöhringer-Kuhnt 
[17], confirm the results of the quantitative studies done with the IIA tool. All these 
points attest the high reliability and criteria validity of the statistical results received 
in this study using the IIA tool as well as the validity of the methods implemented in 
the IIA tool which justifies and even encourages its usage in the future for more 
detailed studies. Nevertheless, even if the results of these studies applying the IIA tool 
show that the HCI between Chinese, German and English speaking users differs 
significantly the values of some variables differ slightly between the studies. This can 
be explained by different test conditions or test tasks whose design has still to be 
optimized within the intercultural usability engineering process [11]. Additionally, 
studies that are more detailed must show whether changing the metrics of potential 
indicators (or using them in other situations, use cases or circumstances) will improve 
their discriminating effect and yield appropriate values accordingly. Above all, future 
studies have to be done to reveal relevant cultural parameters according to other user 
groups (e.g. elderly vs. younger people, experienced vs. beginners, female vs. male, 
drivers of different vehicles etc.).  

4   Conclusion 

The IIA tool serves to record the user’s interaction with the computer to be able to 
identify cultural variables like color, positioning, information density, interaction 
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speed, interaction patterns and their values, which enable the deduction of design 
rules for cross-cultural HCI design. It is effective, efficient and reasonable to use the 
IIA tool within the process of cross-cultural HCI design because it can be used locally 
and worldwide and provides quantitative comparable and reliable results whose 
validity and method to get them is quantitatively and qualitatively confirmed by 
several studies. Using the IIA tool means rapid use case design, i.e. real-time 
prototyping of user interfaces for different cultures as well as collecting huge amounts 
of valid data rapidly and easily worldwide online via internet or intranet.  

5   Outlook 

The IIA tool will be continually optimized based on user feedback to extend the 
analysis and evaluation of cultural differences in HCI by exploring cultural interaction 
patterns and by improving the discrimination capability of cultural interaction 
indicators. Questionnaires in conjunction with recording biofeedback signals (heart 
rate and skin response) should give controlled insights into the user preferences. The 
near-term objective is to develop enhanced techniques using statistical methods 
(factors analysis, structure equation models, cluster analysis etc.), data mining and 
semantic processing to extract the cultural variables and its values as well as the 
guidelines for cross-cultural HMI design in a more automatic way. Moreover, the 
method to implement new use cases will be extended (e.g. employing authoring tools 
or HMI description languages). 

Acknowledgments. I like to thank everyone who was or is supporting the 
development of the IIA tool.  
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