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Abstract. Four character input methods for eye-gaze input interface were  
compared from the viewpoints of input speed, input accuracy, and subjective 
rating on ease of input and fatigue. Four input methods included (1) I-QGSM 
(vertical), (2) I-QGSM (circle), (3) eye-fixation method, and (4) screen button. 
While the eye-fixation method (3) led to faster input, the I-QGSM (vertical) led 
to fewer errors. In conclusion, it is difficult to develop character input method 
that satisfies both speed and accuracy.  
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1 Introduction 

Older people present an increasingly large portion of the population and are likely to 
be active users of IT. Issues surrounding IT and aging are, therefore, of much interest 
to not only researchers but also practitioner within the domain of human-computer 
interaction (HCI). Therefore, the development of an input device that is friendly to 
older adults and leads to higher performance is essential. There are many reports sug-
gesting that older adults exhibit deficits in various cognitive motor tasks [1,2]. Spatial 
abilities, that is, the capacity to acquire, manipulate, and use information on Web 
pages, have been shown to decline with age[3], and this might account for the diffi-
culties of older adults when navigating Web pages. Kelly and Charness [4] showed 
that spatial abilities may be important for mediating the effects of age on computing 
skills. Processing speed refers to the ability to acquire, interpret, and respond to in-
formation quickly and accurately. Salthouse [5] pointed out that reductions in 
processing speed are a common explanation for many age-related deficits in task per-
formance. Therefore, it is expected that decreasing motor function in older adults 
hinders the successful use of input devices such as a mouse and generally leads to a 
relatively longer pointing time and lower pointing accuracy in comparison with young 
counterparts.  

The technology for measuring a user’s visual line of gaze in real time has been  
advancing. Appropriate human-computer interaction techniques that incorporate eye 
movements into a human-computer dialogue has been developed [6-15]. These studies 
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conventional eye-fixation method (method (3)), and the conventional screen-button 
pressing method (method (4)). The displays of methods (1)-(4) are depicted in  
Fig.2-Fig.5, respectively.  

The four methods are briefly explained as follows: 
(1) I-QGSM (vertical) (Fig.2): After the fixation to the initial selection icon for more 
than 0.2 s, the command area and the selection area appears as in Fig.1. Eye move-
ments to a necessary area for an input enable us to input a character.   
(2) I-QGSM (circle) (Fig.3): In a similar way to the method (1), a character is entered.  

 

Fig. 6. Characters/min (CPM) as a function of input method 

(3) Eye fixation (Fig.4): The fixation to a character which the participant needs to 
enter completes a character input. This procedure is repeated.  
(4) Screen button: (Fig.5): After focusing a character by fixating to it for 0.1 s and 
moving an eye-gaze to the screen button in Fig.5, the input is completed by.  

2.4 Design and Procedure 

The participant was required to input 10 words of 5-8 characters for each input me-
thod. This was repeated two times. Only the data of second session was used for the 
analysis. A total number of characters were 60. The participant was permitted to have 
a short break between sessions. After one word had been finished inputting, the next 
word appeared on the display. After the input of 120 characters had been finished 
(two sessions had been finished), the participant was required to evaluate the ease of 
input and the fatigue with a five-point scale for each input method. The order of per-
formance of four input methods was randomized across the participants. 

2.5 Evaluation Measures 

The valuation measures were entered characters per one minute (CPM) and the number 
of errors. The task was to enter a total of 60 words of 5-8 characters. The psychological 
ratings on ease of input and fatigue induced during the experimental task were also 
used as evaluation measures.  
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3 Results 

3.1 Characters Per Minute (CPM) 

In Fig.6, entered characters per one minute (CPM) are compared among four input 
methods. As a result of a one-way ANOVA (Analysis of Variance) conducted on the 
CPM, a significant main effect of input method (F(3,16)=19.6, p<0.01) was detected. 

 

Fig. 7. Number of errors as a function of input method 

3.2 Number of Errors 

In Fig.7, the number of entry errors is compared among four input methods. A similar 
one-way ANOVA conducted on the number of entry errors did not detect a significant 
main effect. 

3.3  Rating on Ease of Input and Fatigue 

In Fig.8, the rating score on ease of input is plotted as a function of input method. Fig.9 
compares the rating score on fatigue among four input methods (1)-(4). Kruskal-Wallis 
non-parametric test conducted on the rating score of ease of input revealed no signifi-
cant main effect of input method. A similar non-parametric test carried out on the  
fatigue rating also revealed no significant main effect of input method.  

4 Discussion 

4.1 Pointing Speed 

The conventional eye-fixation method led to the quickest input. The reason can be 
inferred as follows. The eye-fixation method needed the fewest eye movements of the 
four methods. Although the entry speed was the fastest, the entry errors occurred 
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more frequently than I-QGSM (vertical) due to a shorter fixation time. Together with 
such tendencies, the rating score on ease of input for (3) eye-fixation method tended 
to be higher. The rating score on fatigue for (3) eye-fixation method was evaluated 
highly. The rating score for (1) I-QGSM(vertical) was moderate, although this led to 
the fewest errors of all of four input methods. On the basis of this result, it might be 
possible that the participant psychologically evaluate highly for the input method that 
enables him to input characters fast. 

 

Fig. 8. Rating score on ease of input as a function of input method 

 

 

Fig. 9. Rating score on fatigue as a function of input method 
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4.3 Psychological Rating on Usability and Fatigue 

As shown on the basis of performance data such as entered characters per minute 
(CPM) and number of entry errors, the input method (3) led to better performance. In 
accordance with this, the subjective rating on ease of input and induced fatigue during 
the task for the input method (3) tended to be higher. As for the eye fixation (input 
method (3)), it has also shown that the click operation using an eye-gaze input system 
is more speedy and accurate when the eye fixation was utilized (Murata et al.[14]). 
The eye-gaze input system that made use of the eye fixation also obtained higher 
psychological evaluation on usability.  

On the basis of the three viewpoints, it seems that the input method (3) based on the 
eye fixation is promising for the input means.  

4.4  Implication for Designing HCI of Eye-gaze Input System 

For eye-gaze input, the following opinions were reported. 

• As fixation leads to the input of character, the participant must always carry out 
eye movements.  

• Such a situation is felt to be time pressured. 

As for the pointing accuracy, the proposed method (vertical display) was found to be 
free from errors. It seems difficult to develop an input method which satisfies both 
speed and accuracy. In conclusion, we should make the proper use of the input me-
thods according to the criterion (speed or accuracy) on which an emphasis is placed. 
While (3)Eye-fixation enables us to input characters fast, (1)I-QGSM（vertical) en-
sure input with fewer errors. Future work should be done to reduction input errors. 
Moreover, the habituation process of each input system should be explored. 
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