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Abstract. A detailed study of cultural differences can facilitate the process of 
introducing a product into a particular market. Such an analysis can be used to 
decide to what extend a global design of a product needs to be considered and 
which subsequent measures related to localization or adaptation to a specific 
target culture need to be taken. In the particular case of text entry input methods 
to interact with electronic systems, consideration of cultural preferences could 
lead to a better usability and user experience.  Cognitively demanding multi-
modal interaction with an interface might be reflected in an increased error rate 
or a decreased typing speed, factors that affect the success and accuracy of a 
task. We examine in this paper cultural differences through a cross cultural 
electronic system to determine the degree to which they can affect the ease of 
use in textual input methodology. Results indicated that users’ performance var-
ied depending on the selected language to perform the tasks. 

Keywords: text input method, cultural differences, target culture. 

1 Introduction 

Effective methods for text entry on devices that are gaining in popularity such as Tab-
let PCs, smart phones or devices for the electronic reading of documents remain a 
problem [1]. Therefore, several studies have been dedicated to compare how well the 
performance of a particular device serves user needs, as well as how pragmatic and 
learnable the device is depending on the environment where the device in question is 
used [2]. In a non-mobile context, it has been shown that the text entry speeds of a 
keyboard are rarely exceeded by other input modalities-not even by handwritten test-
ing do the speeds compete, implying a reduced screen visibility due to the positioning 
of the hand can have a powerful impact on speeds [3].  In a mobile context some 
areas of active text entry research include methods for mobile phones and wearable 
computers [4-6] and also methods that support different writing systems [7]. In this 
intercultural context, a detailed study of cultural differences can facilitate the process 
of introducing a product into a particular market. Such an analysis can be used to 
decide to what extend a global design of a product needs to be considered and which 
subsequent measures related to localization or adaptation to a specific target culture 
need to be taken [8, 9]. In the particular case of text entry input methods to interact 
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with electronic systems, consideration of cultural preferences could lead to a more 
efficient usability and a more positive user experience.  Cognitively demanding mul-
timodal interaction with an interface might be reflected by an increased error rate or 
decreased typing speed, both of which are factors that affect the success and accuracy 
of a task. Therefore in this paper we examine the effectiveness and efficiency of dif-
ferent text input methods according to the ISO 9241-11 [10] and its associative  
cultural aspects through a cross cultural electronic system.  For this purpose, we  
developed an electronic framework to automatically collect data from different coun-
tries with different input methods and then post process it. Afterwards we selected the 
data relevant for the input modalities hardware keyboard and virtual keyboard and 
performed the pertinent statistical analyses. 

2 Data Collection  

To perform the study we used an electronic Lenovo device connected to a computer 
monitor for better visibility that enabled the text entry through different modalities. 
To acquire the required data we relied on the Limesurvey tool [11]. The system is 
implemented in PHP and supports the researcher in the task of designing online sur-
veys [12].  As Limesurvey is based on an open source application, we tailored the 
electronic system to serve our purpose and designed a survey in the following lan-
guages: English, German, Spanish and Portuguese.   

2.1 Survey Design 

In the design process of the survey, we set question groups with a common title that 
represented related questions, all appearing together on the same page. Six question 
groups were related to personal information such as age, gender, profession, native 
language as well as other known languages of the participant, familiarity with key-
board layouts for several languages, frequency of use of different devices (i.e. lap-
top, pc, tablets), frequency of use of different input modalities (i.e. keyboard, 
touchpad, mouse, digital pen), first and second language selection for the experi-
ment and two selected input modalities to be tested (i.e. hardware keyboard, virtual 
keyboard, touchpad, digital pen). After making sure that the selected input modality 
was connected, we showed to the participants relevant question groups according to 
the selected languages and input modalities.  Consequently, different typing tasks 
consisting of several strings were displayed to the test subject in two languages and 
two input modalities selected. The grade of difficulty was determined by the string 
length and the order of the characters: in task 1 a short sentence with 16 characters; 
in 2 a longer sentence with 256 characters; in 3 a sequence of 39 unordered charac-
ters and in task 4 a longer sequence of  91 unordered characters. Figure 1 shows a 
screenshot of a typing task in Portuguese to be entered by the user through a virtual 
keyboard.   
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Fig. 1. Typing task in the selected language Portuguese to be performed using a virtual key-
board 

2.2 Experiment Setting 

A total of 51 test subjects between 21 and 62 years, (mean=27.39, SD=11.65) in Bra-
zil and in Germany were asked to enter several strings with varying levels of difficul-
ty in their languages of preference to acquire comparative empirical data related to 
different entry methods.  They had been previously instructed and were thus already 
familiar with the system. An electronic visual display was used to perform the tasks. 
The user had control capabilities by touching the screen, by writing on it with a digital 
pen or by using an external keyboard. Handwriting recognition software enabled to 
verify if the text was accurate.  Additionally, an external monitor was connected to 
the system. To determine the impact of the user’s culture on the input modality as 
well as to study potential different strategies to enter text between Germany and Bra-
zil, we contrasted the use of one or another input methods measuring the following 
usability metrics average Task Completion Time (TCT) to measure the amount of 
effort required to enter the text and number of spelling errors to determine the effec-
tiveness with which users completed a specified task.  

3 Descriptive Data Analysis Results 

From the total number of test subjects that participated in the study we excluded 6 
records from the analysis, as these individuals did not complete all required questions. 
Our final sample comprised therefore 45 participants. We analyzed our information 
collection through descriptive statistics. Most of the test subjects selected hardware 
keyboard as the input device for entering the information with 38 participants (84% of 
all 45 participants), followed by  a total of 29 test subjects that selected virtual key-
board as input device (64%). 13 test subjects selected digital pen (29%) and 7  touch-
pad (15%). As the percentage of test subjects that selected hardware keyboard and 
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virtual keyboard was comparable, in the following sections we focus on the results of 
these two input modalities. The first and second language distribution of the partici-
pants is illustrated in Table 1. From the participants located in Germany, German was 
the native language for 18 of them (90%) while Portuguese was the native language 
for all the 25 participants located in Brazil.  Most of the participants spoke English as 
second language. The test subjects naturally always selected their native language as 
the first language through which they would perform the tasks. Table 2 shows the 
language distribution by input device selected.   

Table 1. First and second language sample distribution  

First Language German English Portuguese Spanish 
Test subjects (n) 18 1 25 1 

Second Language German English Portuguese Spanish 
Test subjects (n) 1 40 0 4 

Table 2. Language distribution by input device selected 

First Language German English Portuguese Spanish 
Hardware keyboard 15 1 21 1 

Virtual keyboard 11 1 16 1 
Touchpad 0 0 7 0 
Digital pen 10 0 3 0 

Second Language German English Portuguese Spanish 
Hardware keyboard 1 33 0 1 

Virtual keyboard 1 24 0 4 
Touchpad 0 7 0 0 
Digital pen 0 13 0 0 

3.1 Hardware Keyboard as Input Modality 

Task Completion Time. 38 participants selected hardware keyboard to perform the 
tasks. Table 3 and the boxplots in Figure 1 indicate the average Task Completion 
Time (TCT) to measure the amount of effort users needed to enter the text requested 
in the four tasks in the languages that were selected by the user as a first and a second 
language.  Significant differences are indicated. Results regarding the first language 
selected show that the TCT for the first task was comparatively lower than for the 
other three tasks. The higher number of strings to be entered for tasks 2 and 4 was 
reflected in the TCTs.  We performed an independent-samples t-test to compare the 
time to perform a task in first language German and first language Portuguese condi-
tions with a significance level = 0.05. Results showed that significant differences in 
TCT existed between Brazilian and German participants in all the tasks, specifically 
being that the typing speed for Brazilians was lower than for Germans. This could be 
due to the existence of additional characters that need to be typed in letters with  
accents. Regarding the second language selected to perform the tasks, statistically 
significant differences could be found between English and Spanish in task 3. The 
sample contained only one person who spoke German as second language.  
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Table 3. TCT median values in seconds with the hardware keyboard for the first and second 
language 

First  
Language 

German Portuguese t df p-value English Spanish 

Task 1  18.74  36.92 -2.8668 21.012 0.0092 9.66 10.42 
Task 2 78.53 126.38 -2.4704 27.529 0.0199 102.73 127.72 
Task 3 37.26 63.03 -3.5308 29.64 0.0013 50.67 51.49 
Task 4 61.62 136.13 -4.7266 22.275 9.932e-05 87.25 85.28 
Second 

Language 
German ------------    English Spanish 

Task 1 11.96 NA    19.14 17.32 
Task 2 123.87 NA    106.81 155.76 
Task 3 51.12 NA 3.8318 13.022 0.002072 63.86 42.21 
Task 4 85.28 

 
NA    83.76 85.87 

 

Fig. 2. Average Task Completion Time (TCT) to measure the amount of effort users needed to 
enter the text requested in the four tasks in the language that was selected by the user as first 
language with the input modality "hardware keyboard" 

Number of Spelling Errors. Table 4 and boxplots in Figure 2 shows the number of 
errors with the hardware keyboard for the first and second language.  Significant 
differences are indicated. No misspellings could be detected in the first task. Test 
subjects, who selected German as first language made more errors than people who 
selected Portuguese as a first language by performing the second task— therein, creat-
ing a difference that was statistically significant. 
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Table 4. Median values of errors with the hardware keyboard for the first and second language 

First  
Language 

German Portuguese t df p-value English Spanish 

Task 1  0 0    0 0 
Task 2 11  2 8.6291 26.337 3.734e-09 5 3 
Task 3 0 2 -6.2265 33.949 4.41e-07 0 6 
Task 4 3 5 -4.2566 30.293 0.0001849 0 3 
Second 

Language 
German ------ t df p-value English Spanish 

Task 1 0 NA 2.9584 13.403 0.01079 1 0 
Task 2 1 NA    11 2.5 
Task 3 0 NA    2 4.5 
Task 4 3 NA    2 1 

 

Fig. 3. Number of errors in the four tasks in the language that was selected by the user as first 
language with the input modality "hardware keyboard" 

3.2 Virtual Keyboard as Input Modality 

Task Completion Time. As shown in Figure 3 and table 5 the time required to enter 
the given strings from task 2 through the virtual keyboard was quite slow in compari-
son to the other methods. Additionally, the TCT to complete the tasks 1, 2 and 3  
for test subjects that selected German as a first language was in average longer than 
for subjects that selected Portuguese as a first language. Statistically significant dif-
ferences are indicated. Only 4 persons selected Spanish as second language. Figure 4 
shows a high variability outside the upper quartiles for Spanish in task 1 caused by an 
outlier. 
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Fig. 4. Average Task Completion Time (TCT) to enter the text requested in the four tasks in the 
language selected as first with the input modality virtual keyboard 

Table 5. TCT median values in seconds with the virtual keyboard for the first and second  
language 

First  
Language 

German Portuguese t df p-value English Spanish 

Task 1  40.12 22.14    16.98 12.20 
Task 2 278.96 151.76 3.7249 13.642 0.00235 180.50 193.95 
Task 3 78.10 50.19 3.6943 11.929 0.00309 42.92 65.28 
Task 4 131.34 136.04    99.45 132.49 
Second 

Language 
German --------------- t df p-value English Spanish 

Task 1 12.77 NA    20.84 26.53 
Task 2 176.93 NA    197.21 318.60 
Task 3 64.61 NA    65.87 72.31 
Task 4 93.72 NA    123.40 124.42 
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Fig. 5. Average Task Completion Time (TCT) to enter the text requested in the four tasks in the 
language selected as second with the input modality virtual keyboard 

Number of Spelling Errors. The number of errors from subjects who selected  
German as first language and the other subjects in task 2 were statistically significant 
(Table 6, Figure 5).  Regarding the selected second language, in task 4 an outlier 
produced a high variability outside the upper quartiles for Spanish: one person  
made 45 errors (Figure 6). Significant differences existed in task 3 for English and 
Spanish. 

Table 6. Median values of errors with the virtual keyboard for the first and second language 

First  
Language 

German Portuguese t df p-value English Spanish 

Task 1  0 0    0 0 
Task 2 25 1.5 13.8554 12.677 4.975e-09 1 0 
Task 3 0 2 -4.0019 24.581 0.000505 0 4 
Task 4 3 6 -2.7285 17.616 0.01398 1 1 
Second 

Language 
German --------------- t df p-value English Spanish 

Task 1 3 NA    0 0 
Task 2 0 NA    3 3.5 
Task 3 0 NA -3.201 3.617 0.0378 1 5.5 
Task 4 11 NA    1 3 
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Fig. 6. Number of errors in the four tasks in the language selected as first with the input mo-
dality virtual keyboard  

 

Fig. 7. Number of errors in the four tasks in the language that selected as second with the input 
modality virtual keyboard    
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4 Conclusion and Future Work 

Results from our data analysis showed that users’ performance varied depending on 
the language selected by the user to perform the tasks and depending on the input 
modality. Comparative results regarding hardware and virtual keyboard showed that 
the time required to enter information in a computer through a virtual keyboard was 
longer than with hardware keyboard for German native speakers. Brazilians however, 
performed better with the hardware keyboard only in task 2 that consisted in entering 
a long string with 256 characters. The number of errors with both input modalities 
was similar except for the task 2 in German, where the number of errors was lower 
than with the virtual keyboard. Regarding the performance with English as a second 
language, there were no conclusive results produced. The number of errors and time 
to accomplish the tasks depended on the selected language regardless of whether or 
not this was the native language. In future work we will aim for a bigger sample size 
to make further inferences about the selected population. 
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