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Abstract. With the development of communication technology, mobile phone 
seems to become an important personnel device that everyone must have. As 
the introduction of 3rd-generation mobile telecommunication, the technology of 
touch screen was started to be applied on the mobile phones. A smartphone is a 
mobile phone built on a mobile operating system with advanced computing ca-
pability. Many functionality and application like digital cameras, GPS and web-
browser, were combined on the smartphone to form a multi-use device. Most of 
modern smartphones include high-resolution touchscreens for display and con-
trol. As the development of smartphone, the size of touchscreen becomes larger 
and larger. However, the question is that a larger screen is convenient to every 
user? The aim of this study is to realize the relationship between touchscreen 
sizes of smartphones and user’s relative hand dimensions based on the opera-
tion time, operation error rate and subjective thumb fatigue. Sixty subjects, in-
cluding 30 males and 30 females were invited to attend the experiment. The ex-
periment design includes 3 touchscreen sizes. The hand length and palm width 
were both divided into three categories respectively. The analyzed results indi-
cates that the relationships between touchscreen size and category of hand 
length and between touchscreen size and category of palm width are both posi-
tive from the views of error rate and the subjective fatigue. Therefore, larger 
touchscreen size is more appropriate to larger hand and palm. Furthermore, 
longer operation time is needed for people who have small hand and palm be-
cause they spend more time to move their thumb and handle the smartphone 
stably. 
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1 Introduction 

With the development of science and communication technology, the innovation on 
mobile phone has never stopped. Nowadays the smartphone with powerful functions 
becomes more and more popular. One of the most important evolvement from pre-
vious mobile phone to smartphone is the application of touchscreen to remove the 
traditional keypad. Full touchscreen operation allows the use of smartphones more 
intuitive. Moreover, the request for screen size, color saturation and resolution of 
touchscreen is increasing with the development on smartphone. Two years ago, Sam-
sung started to lunch the Galaxy Note series with 5.3 inch touchscreen so Apple also 
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lunched iPhone 5 with 4 inch touchscreen instead of iPhone 4S with 3.5 inch screen 
last year. However, what is the appropriate screen size for users? T observe users who 
using various sizes of smartphone, it is very common that the size of touchscreen is 
not suitable for the user’s hand dimensions. It is difficult to operate with single hand 
if the touchscreen is too large. On the other hand, too small touchscreen is not suitable 
for large hands. Thus, the operation error and performance may be reduced since the 
size of touchscreen is not appropriate to user’s hand. People cannot use hands to oper-
ate too small input devices [1]. The mobility convenience of mobile devices let users 
frequently bring them in dynamic mobile environment and users must use single hand 
to operate the mobile device in order to deal with other things with the other hand [2]. 
For example, it is common that consumers handle and use the smartphone with one 
hand and take goods with the other hand. In the field survey, most people use single 
hand to operate mobile phone. An experimental result conducted by Karlson [3] also 
confirmed that people prefer to use one-handed operation is better than a two-handed 
operation in the subjective rating. 

Shneiderman [4] pointed out that the user's finger is the most direct control tools on 
the touchscreen. Parhi et al. [5] explored the target size on the small touchscreen and 
indicated that the icon size (target) from 9.2mm to 9.6mm was better for touch tasks. 
Colle and Hiszem [6] pointed out that users preferred the recognition touch area of 
20mm × 20mm in public information kiosks.  

The handheld device should match the characteristics of the hand shape [7]. Hand 
anthropometry would affect the preferred size and shape of the grip area and move-
ment of fingers would also affect the size and the layout of the buttons [8]. In order to 
make the input operation more stable, the gripping stability of mobile phone must also 
be consideration as well as movement range of operating finger and posture of hand-
hold [7]. Furthermore, most people use thumb to operate the smartphone when they 
take the smartphone with single hand. However, Wobbrock et al. [9] indicated that 
using forefinger to operate had better performance on input time and error rate com-
pared with thumb after compare thumb operation and forefinger operation if people 
use one hand to hold phone and use the other hand to operate it. Thus, the relationship 
between operating performance and user’s hands should be emphasized.  

The purpose of this study was to try to investigate the relationship between the 
touchscreen size of smartphone and the dimension of hand based on the operation 
time, operation error rate and subjective evaluation about thumb fatigue. Since most 
people likes to user smartphone with single hand, only one hand operation was consi-
dered in tis study. That is, subjects must use dominant hand to handle the phone and 
user thumb to operate on the touchscreen. 

2 Methodology 

This study used three smartphones whose touchscreen sizes are different as experi-
mental equipment. Table 1 lists their brief characteristics. Although the widths of the 
3 smartphones are different due to their touchscreen sizes, the distances between edge 
of touchscreen and body for each smartphone are similar. All operation systems are 
Andriod. The Martin type anthropometer was employed to measure 6 hand  
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dimensions, including hand length, palm length, forefinger length, palm width, thumb 
length and thumb width that is shown in Table 2.  

In order to let the thumb touch every place on the screen, a click app game was de-
veloped. This app game can display a 4 mm x 4 mm block randomly for 250 times 
and subjects have to touch the block within 1.0 second. If the subject didn’t touch the 
screen on the right bock within 1.0 second, he took one error count. After 250 times, 
the app game calculates the error rate and total operating time automatically. Each 
subject had to complete 5 rounds of test.  

Table 1. Brief summary of the smartphones 

 Touchscreen 
Size (inch) 

OS Phone Size (mm) 

hTC Wildfire S 3.2 Andriod 101.3 x 59 x 12 
SAMSUNG GALAXY W 3.7 Andriod 105.5 x 59.8 x 11.6 
SAMSUNG GALAXY S II 4.27 Andriod 125.8 x 66.1 x 8.5 

Table 2. Hand dimensions and definitions 

Dimensions Definition 
hand length The distance from top of middle finger to bottom of hand  
palm length The distance from bottom of middle finger to bottom of hand  
forefinger length The distance from top of forefinger to bottom of forefinger 
palm width The width of palm without thumb 
thumb length The distance from top of thumb to first dorsal interosseous 
thumb width The width of thumb 

Sixty college students, including 30 males and 30 females, were invited to attend 
the experiment. Every subject had extensive experience in operating the Android 
smartphone. Before the experiment, subject was asked to handle the smartphone with 
comfortable sitting posture and put the arm on a table. Neither the holding method nor 
the posture could be changed during the experiment. After experiment, a subjective 
evaluation about the thumb fatigue that was numbered from 1 to 5 according to the 
degree feeling was conducted.  

3 Results and Discussions 

3.1 Statistical Summary and Test 

Table 3 and Table 4 list the statistical summaries of gender and touchscreen size re-
spectively. The t-test and ANOVA was conducted to test difference between gender 
and touchscreen size. There are significant differences on subjective thumb fatigue 
between genders. Thus, males have better subjective fatigue than females.  
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In operation time and error rate, no significant difference was found. Although there 
is no significant different between genders, the means are less for male’s operation 
time and error rate.  

Table 3. The statistical summary of gender (α=0.05)  

 male Female total Sig.  
 Mean Std. Mean Std. Mean Std. 

Operation time (sec.) 160.76  16.74  163.62  20.67  162.19  18.76   
Error rate 0.0423 0.0353 0.0488 0.0377 0.0456 0.0365  
Subjective fatigue  2.62 1.60 3.69 1.24 3.16 1.52 ** 
Hand length (mm) 18.80  1.04  17.03  0.76  17.91  1.27  ** 
Palm length (mm) 10.82  0.68  9.88  0.53  10.35  0.77  ** 
Forefinger length (mm) 7.44  0.60  6.69  0.46  7.06  0.66  ** 
Palm width (mm) 8.73  0.48  7.69  0.25  8.21  0.65  ** 
Thumb length (mm) 6.44  0.63  5.75  0.41  6.10  0.63  ** 
Thumb width (mm) 2.16  0.16  1.85  0.23  2.00  0.25  ** 

Table 4. The statistical summary of touchscreen size (α=0.05) 

 3.2-inch 3.7-inch 4.27-inch Sig.  
Mean Std. Mean Std. Mean Std. 

Operation time (sec.) 162.10  21.00  162.17  17.39  162.30  18.34   
Error rate 0.0493  0.0449  0.0563  0.0303  0.0310  0.0283  * 
Subjective fatigue  2.73  1.48  3.23  1.43  3.50  1.59  * 
Subjective fatigue  2.73  1.48  3.23  1.43  3.50  1.59   

About the touchscreen size, there exist significant differences on error rate and 
subjective thumb fatigue. The Duncan post-hoc test for error rate shows that 3.2 inch 
and 3.7 inch belong the same subgroup. Also, the Duncan test for subjective thumb 
fatigue shows there are two subgroups, 3.2 / 3.7 inch and 3.7 / 4.27 inch. Thus, there 
is obvious distinction between 3.2 inch and 4.27 inch.  

3.2 The Relation between Touchscreen Size and Hand Dimension 

The data was divided into three groups according to the hand length, i.e. small (15.5-
17.4 cm), medium (17.5-19.5 cm) and large (19.5-21.4 cm) hand length categories. 
The mean and standard deviation are listed in Table 5. The ANOVA test shows there 
are significant difference between hand length categories in the operation time and 
subjective thumb fatigue (α=0.05). It is obvious that small hand length (15.5-17.4 
cm) has poorest operation time and relative poorer thumb fatigue using 3.7-inch and 
4.27-inch screen than other hand length categories (Fig. 1). However, in the thumb 
fatigue illustrated in Fig. 1, the trend is increasing from 3.2-inch to 4.27-inch screen 
for both small and medium categories and the 4.27-inch screen for small hand length 
category is especially high than others. On the contrary, the trend becomes decreasing 
for large hand length category.  
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Table 5. Statistical data of touchscreen size based on the hand length category  

  Hand length 
  15.5-17.4 cm 17.5-19.4 cm 19.5-21.4 cm 
  Mean Std. Mean Std. Mean Std. 

Operation 
time (sec.) 

3.2-inch 168.77  26.17  157.27  15.91  155.00  0.00  

3.7-inch 169.54  15.14  155.67  18.02  158.00  11.31  

4.27-inch 167.69  17.27  158.33  19.47  159.00  14.14  

Error rate 
3.2-inch 0.0408  0.0508  0.0343  0.0230  0.0875  0.1096  

3.7-inch 0.0573  0.0379  0.0357  0.0246  0.0550  0.0283  

4.27-inch 0.0523  0.0251  0.0307  0.0319  0.0250  0.0354  

Thumb 
fatigue 

3.2-inch 3.08  1.66  2.33  1.35  3.50  0.71  

3.7-inch 3.77  1.30  2.67  1.40  3.00  1.41  

4.27-inch 4.38  0.96  2.87  1.77  2.50  0.71  

 

 

Fig. 1. The bar charts of touchscreen size divided by hang length category in the operation time 
and subjective thumb time respectively 

Although no significant difference in the error rate was found, the change in trend 
is similar with the change trend of the subjective thumb fatigue. Moreover, the 3.2-
inch screen for large hand length category is especially highest than others. Thus, in 
spite of the operation time, the touchscreen size and hand length have a positive rela-
tionship. In other words, larger touchscreen size is more appropriate to larger hand 
length. The long operation time for smaller hand length may indicate that the person 
who has smaller hand length must use more time to move his thumb and touch the 
screen.  

The data of palm width was also divided into three categories, i.e. small (8.6-9.8 
cm), medium (9.9-11.1 cm) and large (11.2-12.4 cm) palm width category and listed 
in Table 6. There are significant difference between palm width categories in the op-
eration time and subjective thumb fatigue according to the ANOVA test (α=0.05). 
The small palm width (8.6-9.8 cm) has poorest operation time and relative poorer 
thumb fatigue in 3.7-inch and 4.27-inch screen than other categories (Fig. 2). Fur-
thermore, the trend in the thumb fatigue is increasing from 3.2-inch to 4.27-inch 
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screen for both small and medium palm width categories. Besides, the 4.27-inch 
screen for small palm width is especially high than others in the thumb fatigue. On the 
contrary, the trend becomes decreasing for large palm width category. Although there 
is no obvious difference in the error rate, the change in trend is similar with the trend 
in the subjective thumb fatigue and. the 3.2-inch screen for large palm width category 
is especially highest. Thus, in spite of the operation time, the touchscreen size and 
palm width have a positive relationship too. Therefore, larger touchscreen size is also 
more appropriate to larger palm width. The longer operation time for small palm 
width category imply that the person who has smaller palm width must spend more 
time to handle the smartphone in order to make the phone stable for operating. 

Table 6. Statistical data of touchscreen size based on the palm width category 

  Palm width 
  8.6-9.8 cm 9.9-11.1 cm 11.2-12.4 cm 
  Mean Std. Mean Std. Mean Std. 

Operation 
time (sec.) 

3.2-inch 176.22  28.51  155.59  14.82  158.00  8.12  

3.7-inch 174.22  13.44  154.88  17.19  160.00  10.42  

4.27-inch 170.33  19.25  158.59  18.85  163.00  9.45  

Error rate 3.2-inch 0.0528  0.0569  0.0315  0.0208  0.0725  0.0659  

3.7-inch 0.0589  0.0442  0.0356  0.0249  0.0538  0.0175  

4.27-inch 0.0567  0.0263  0.0238  0.0178  0.0488  0.0581  

Thumb 
fatigue 

3.2-inch 3.11  1.76  2.53  1.42  3.50  1.26  

3.7-inch 3.78  1.30  3.00  1.46  3.00  1.63  

4.27-inch 4.44  0.73  3.18  1.74  2.75  1.71  

 

 

Fig. 2. The bar charts of touchscreen size divided by hang length category in the operation time 
and subjective thumb time respectively 
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4 Conclusion 

In order to realize the relationship between touchscreen sizes and hand dimensions, 
this study recruited sixty subjects to attend the experiment. The operation time and 
error rate were calculated by the experimental app game. The subjective fatigue on 
thumb was asked after each game round. The statistical test shows there are obvious 
differences between touchscreen size, 3.2-inch, 3.7-inch and 4.27-inch, in both error 
rate and subjective thumb fatigue.  

In order to analyze the data, the hand length and palm width were both divided into 
three categories respectively. For the part with regard to the hand length, there are 
significant difference between hand length categories in the operation time and sub-
jective thumb fatigue at α=0.05. It is obvious that small hand length category has 
poorest operation time and relative poorer thumb fatigue using 3.7-inch and 4.27-inch 
screen than other hand length categories. In the thumb fatigue, the trend is increasing 
from 3.2-inch to 4.27-inch screen for both small and medium categories. On the con-
trary, the trend becomes decreasing for large hand length category. In spite of the 
operation time, the touchscreen size and hand length have a positive relationship. In 
other words, larger touchscreen size is more appropriate to larger hand length. 

For the part with regard to the palm width, the analyzed result is similar. Small 
width category has poorest operation time. The trend in the thumb fatigue is increas-
ing from 3.2-inch to 4.27-inch screen for both small and medium palm width catego-
ries but the trend becomes decreasing for large palm width category. The touchscreen 
size and palm width also have a positive relationship in spite of the operation time.  

Hence, larger touchscreen size is more appropriate to larger hand and palm.  
Besides, longer operation time is needed for people who have small hand and palm  
because they spend more time to move their thumb and handle the smartphone stably. 
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