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Abstract. With the advancement of ICT technologies, touch-screen interface 
mobile devices become a standard feature. This study aims to evaluate the  
Popover interface design under different age groups. The UI elements being 
considered for evaluation include location, window length and font size of the 
popover in three visual search tasks. The results show that there were signifi-
cant differences in reaction time and accuracy rate between age groups. The 
worst performance was found in the older group. The best button position was 
on the bottom screen. In addition, significant performance differences between 
popover window length and font size were also found. Generally speaking, it is 
recommended to use the popover window with long cell length, and bigger font 
size for better readability, especially for the older age group users. 

Keywords: Touch screen, iPad, User Interface Elements, Popover,  
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1 Introduction 

With the advancement of ICT technologies, the growth of mobile devices smart 
phones and tablets outpacing that of desktop systems in 2011. User interface design is 
becoming more and more important, especially for mobile devices with touch screen 
interface. These devices allow users to surf the web, read electronic documents, play 
games, send email and remain connected within their social networks [1].  

Some usability studies showed that it is much more difficult to understand content 
when it is read on a mobile device than on a desktop computer. To encounter this 
problem, Steele and Iliinsky [2] recommended that the designers should identify the 
important content, and emphasize it visually by making it bigger, bolder, brighter and 
called out with circles, arrows and labels to help the users to understand the hierarchy 
of information on the screen. 

Text direction, screen size and font size are the factors affecting user’s search time 
and accuracy. Lin et al. [3] used the color LCD e-reader to investigate how legibility 
and visual fatigue are affected by different text directions, screen sizes, and character 
sizes. They found that the recognition performance was better for reading horizontal 
words than for vertical words. Screen size and font size were the factors affecting the 
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user’s search time. Wu et al. [4] used three different e-book displays to evaluate visual 
fatigue, reading performance, and subjective rating. The results showed that greater 
visual fatigue was found in smaller screen size and font size. Search speed is im-
proved, when the screen size and font size are increased.  

In general, the fingertip or touch pen is used as the input device for touch screen 
interface. As the primary input method, the interface design issues include touch tar-
get size, touch target layout, and tactile feedback. Since target size and layout are 
often restricted by screen size, users may be slower to type on devices with smaller 
target sizes and lacking of tactile feedback [5]. Budiu and Nielsen [6] indicated the 
fat-finger problem with the touch screen device, and it is difficult to precisely touch 
the small targets. Thus, some research has shown that the best target size for widget is 
1 cm x 1cm for touch devices. Similarly, Wu and Luo [7] evaluated twelve touch pens 
including three lengths and four diameters, and recommended to use a smaller  
diameter and longer touch pen. 

Due to the demographic change with an increasingly aging population, the usabili-
ty issues of touch-screen interface devices for the older adults require high attention. 
With the increasing number of aged users on mobile devices, the issue of readability 
and usability are becoming more and more important. Ziefle [8] investigated the ef-
fects of font sizes and the size of the window on navigation performance with 40 el-
derly participants (55-73 years old). The results indicated that the optimal perfor-
mance was found when the font size and the size of the preview window were large. 
Many usability issues regarding touch screen interface design needs to be addressed, 
especially for the older age groups. Hence, this study aims to evaluate the design of 
Popover UI elements including location, length and fonts size for different age 
groups.  

2 Method 

2.1 Participants 

A total of 45 healthy participants (22 males and 23 females) involved in the experi-
ments. Three age groups including, the younger group (8 males and 7 females)  with 
age ranged 18-29 years old (Mean = 21.63 years; SD = 2.44); the middle group (7 
males and 8 females) with age ranged 30-44 years old (Mean = 35.67 years; SD = 
4.49) and the older group (7 males and 8 females) with age range 45-65 years old 
(Mean = 56.52 years; SD = 4.48). All of the participants were right-handed, and can 
understand and read traditional Chinese. 

2.2 Equipment 

The touch screen device used in this study was an Apple iPad based smart tablet de-
vice. It has a 9.7 inch screen with a resolution setting of 1024 x 768, and a portrait 
soft keyboard. 
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2.3 Experiment Tasks 

The visual search tasks involved three levels of text length. In short text search task 
(2-5 words), the content can be the popular names and country names. In the middle 
(9-14 words) and long (at least 15 words) text searching task, the content can be the 
news headings and briefs. 

According to the iPad Human Interface Guidelines, the width of the popover 
should be at least 320 points, but less than 600 points [9]. Thus, the width of a popov-
er window for short text message was 320 points, the width of a popover for middle 
and long text message was 460 points and 600 points respectively, as shown in Fig.1.  

 

  

Fig. 1. The popover windows for the three visual search tasks  

2.4 Experimental Design 

The experiment design of this study was a nested-factorial design. The 45 participants 
were divided into three age groups (younger, middle and older). Each participant 
performed 180 trials, including 6 popover’s button locations (upper left, upper mid-
dle, upper right, bottom left, bottom middle and bottom right), 6 popover window 
length (5, 7, 9, 11, 13 and 15 cell-length) and 5 font size (15, 17, 19, 21 and 23 pt). 
The dependent measures were reaction time and accuracy.  

2.5 Procedure 

Before the experiment, a training session was given to help the participants to fami-
liarize themselves with the iPAD use as well as the visual search tasks. The partici-
pants used left hand to hold iPAD, and performed the touch screen task using right 
hand.   

When the participants were ready, they have to press the “Start” button. A popover 
button would appear in one of the six locations randomly. They were then asked to 
press the button as quickly as they can.  

After pressing popover button, participants were asked to perform visual search 
tasks. The visual search tasks have different popover window length and font sizes. 
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The three visual search tasks was given in random sequence. When participants lo-
cated a target in the search field, they would touch the target and the target will be 
highlighted. A 3 min rest period was given between experiment sessions. Each of 
visual search tasks was given in random sequence. 

3 Results 

3.1 Reaction Time between Each Age Group and Locations of Popover 
Button 

The results showed that there were significant differences in reaction time between 6 
locations, F (5, 210) = 13.619, p = .000, and the interaction between location and age 
group was also significant, F (10, 210) = 3.041, p = .001. As shown in Fig. 2, the 
better performance was found in the middle bottom position and the worst perfor-
mance was found in the upper left position. In addition, the younger and middle age 
groups showed no significant difference in reaction time. The older age group had the 
worst performance in all 6 locations.  

 

 
Fig. 2. The effect of location and age group on reaction time 

3.2 Accuracy and Reaction Time between Fonts Size and Popover Window 
Length 

Accuracy  
For accuracy measure, the results showed that there were significant interactions in 
age groups and font sizes in short text search task, F (8, 168) = 2.623, p = .01. And 
the worst performance was found in the older group, but the younger and middle age 
groups showed no significant difference in accuracy. The results showed that the old-
er group had better performance with the font size of 23 pt. 
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Reaction Time   
For reaction time, there were significant differences between visual search tasks, po-
pover window length and fonts size. In short text search task, the significant effects 
were found in popover window length, F (5, 210) = 9.212, p = .000, fonts size, F (4, 
168) = 7.235, p = .000, and the interaction between age group and popover window 
length, F (10, 210) = 4.321, p = .007. In middle text search task, there were significant 
differences in popover window length, F (5, 210) = 9.212, p = .000, and fonts size F 
(4, 168) = 7.235, p = .000. In long text search task, the significant effects were found 
in popover length, F (5, 210) = 10.510, p = .000, and fonts size, F (4, 168) = 4.785, p 
= .001. The worst reaction time performance was found in 5 cell-length popover 
length. In short text search task, the 5 cell-length popover window length had the 
worst reaction time performance. The better reaction time performance was found in 
the 13 and 15 cell-length popover in long text search task. Thus, the findings indicate 
that the reaction time decreased as the length of popover increased, as shown in  
Fig. 3. 

 

 

Fig. 3. The effect of popover length and text length on reaction time 

For the font size effect on reaction time among the three visual search tasks, the 
worst performance was found in short text search task, and the best performance was 
found in middle text search task. In addition, for the middle and long text search task, 
the best performance was found in 23 pt font size, and the worst performance was 
found in 15 pt font size. In short text search task, the best performance was found in 
21pt font size, as shown in Fig. 4.  

In all three age groups, the worst reaction time performance was found in the 5 
cell-length popover. For the older age group, the better reaction time performance was 
found in the 11, 13 and 15 cell-length popovers. Thus, this study suggests that the 
popover window length should have at least 11 cell-length for the older users. 
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Fig. 4. The effect of font sizes and text length on reaction time  

4 Discussion and Conclusion 

For the locations of the popover, the better performance in reaction time was found in 
the middle bottom and the worst performance was found in the upper left. In this 
study, the participants were asked to press the popover button when it appears. Since 
all the participants were right-handed, the upper left location of the popover had the 
longest hand movement distance. Thus, the hand movement time increases as the 
hand and target distance increases. Thus, it is recommended to position the button on 
the bottom of the screen.  

For the font size effect, the results showed that the worst performance in reaction 
time was found in 15pt font size. Bernard [10] reported that reading 12-point size 
were faster than reading the 10-point size fonts. Lin et al. [3] also indicated that too 
small the font size tends to cause reading difficulty. Reading larger fonts had better 
performance than reading small fonts.  

For the length of text message in visual search tasks, searching in short text mes-
sage needs more reaction time than searching in long text message. In the small text 
search task, the participants were asked to perform word search task. McClelland and 
Rumelhart [11] indicated that perception of letters in words was actually lowered if 
the subjects focused on a single letter position in the word. In this study, the reaction 
time in long text search tasks (middle and long text message) were better than that of 
the short text search task. It seems that the user' ability to recognize a target in sen-
tences is better than to recognize a target in words. 

For the length of popover, the reaction time and accuracy performance was found 
to be better in the long cell-length popover than those in the short cell-length popover. 
Since the long length popover has more cell numbers, it can display more informa-
tion, and reduce reaction time for target search and increase accuracy.  

Considering the popover interface design for the older users, the findings suggest 
that the popover button is better positioned on the bottom of the screen. Font sizes 
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should be at least 23 pt. The popover window length should be at least 11 cell-length. 
The findings of this study can provide very useful information for the design of po-
pover interface to facilitate usability. 
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