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Non-linear document navigation refers to the process of 
repeatedly reading a document at different levels to 
provide an overview, including selective reading to search 
for useful information within a document under time 
constraints. Currently, this function is not supported well 
by small-screen tablets. In this study, we propose the 
concept of structure-aware touch-based scrolling (SATS), 
which allows structural document navigation using 
region-dependent touch gestures for non-sequential 
navigation within tablets or tablet-sized e-book readers. In 
SATS, the screen is divided into four vertical sections 
representing the different structural levels of a document, 
where dragging into the different sections allows 
navigating from the macro to micro levels. The 
implementation of a prototype is presented, as well as 
details of a comparative evaluation using typical non-
sequential navigation tasks performed under time 
constraints. The results showed that SATS obtained better 
performance, higher user satisfaction, and a lower 
usability workload compared with a conventional 
structural overview interface. 
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I. Introduction 

People often exhibit non-sequential reading behaviors, such 
as moving from one section to another or going back and forth 
to different sections [1]–[4]. These traits are more evident  
when reading electronic documents [5]. Recent technological 
advances mean that users now prefer reading documents on 
tablet-type smart devices rather than paper [6], but non-
sequential navigation support for such devices is still limited 
[3], [7]. Drag/flick gestures are preferred by users, and they 
provide an appropriate level of performance in a touch-screen 
environment [8], [9]. However, they require considerable 
gesture repetition for longer documents, which can result in 
more mistakes, and a longer time is required to arrive at the 
desired position. 

Existing input devices such as a wheel mouse and paging 
keys are effective document navigation interfaces, but it is 
difficult to use these tools for document navigation on tablet 
devices. Scroll bars are available in tablets but navigating 
through long documents involves more steps, thereby 
increasing the risk of mistakes. Furthermore, a more visual 
search may be required to identify the current location in a 
document space and to determine whether the reader has 
arrived at the desired location, because scroll bars do not make 
use of structural information.  

A table of contents containing hyperlinks and an additional 
overview window can provide structural document information. 
Both are common interfaces that provide users with an 
overview of a document and a rapid non-linear navigation 
capability. Instead of textual structural information, visualized 
page thumbnails are sometimes preferred in certain document 
types (such as presentations). Overviews allow users to 
navigate documents rapidly in a non-sequential manner [2]. 
Small-screen tablets cannot display an overview and document 
pages at the same time, so they are usually displayed in turn on 
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Fig. 1. Structure-aware touch-based scrolling (SATS) enables structural document navigation using region-dependent touch gestures for
non-sequential navigation. 
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most commercial e-readers, although switching and spatial 
separation demand a greater amount of time and mental effort 
from users [10]. In addition, overviews obtain poor 
performance despite their high preference among users [10] 
and they can delay tasks by unnecessarily attracting the user's 
attention [2]. Thus, it is necessary to develop a new method for 
non-sequential navigation without a separate screen area for 
displaying a widget or a window for structural navigation, or 
context switching between an overview window and document 
pages. 

In this study, we propose the concept of structure-aware 
touch-based scrolling (SATS), which facilitates non-sequential 
navigation based on region-dependent touch gestures, as 
illustrated in Fig. 1. Users can navigate across the structural 
space of a document by changing from macro- (chapter) to 
micro- (sub-section) levels, thereby arriving rapidly at the 
desired position. SATS facilitates navigation within a structural 
space, instead of a physical linear space, without requiring an 
explicit table of contents containing hyperlinks, or an additional 
overview window to provide structural information or page 
thumbnails. 

SATS has the following three advantages compared with an 
overview interface. First, users can repeatedly examine certain 
positions at a different structural level within a relatively short 
period of time. Second, users can reduce their focus on 
unimportant parts and move rapidly to areas containing the 
information of interest. Third, users can skim documents and 
quickly grasp information without any major input. We verified 

these three advantages experimentally, as described later. 
In the next section, we review related research into reading 

behavior, linear navigation, and non-linear navigation. In the 
following sections, we introduce a prototype implementation of 
SATS for a tablet with a small screen. Compared with an 
overview interface, SATS obtains better performance, higher 
user satisfaction, and a lower workload during non-sequential 
document navigation. 

II. Related Work 

1. Reading Behavior 

“Active reading” is the practice of acquiring knowledge to 
meet specific objectives. To achieve this goal, readers use 
various forms of non-linear navigation [2], rather than the 
linear navigation employed when reading novels or magazines.  

Various studies of navigation patterns and related user 
interfaces for active reading have considered both paper and 
electronic media devices such as e-readers. These studies have 
shown that non-linear navigation is more common with 
electronic media and it has recently become the preferred mode 
of reading. However, it has also been shown that non-linear 
navigation is not well supported, even by state-of-the-art     
e-readers. Another important aspect of reading is mobility 
support. Reading outdoors or while on the move have become 
common practices, largely because the market share of 
smartphones, tablet devices, and e-book readers has increased 
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significantly. Smart devices that allow documents to be read 
while on the go have become more popular, and non-linear 
navigation on these devices is not well supported, so there is a 
clear need for a low-attention interface for non-linear 
navigation on smart devices. 

O’Hara and Sellen [11] compared reading on paper with 
online reading, and found that the former has a significant 
advantage in terms of fast navigation and a flexible spatial 
layout. They stated that these characteristics allow users to 
understand the text better and to extract a sense of its structure. 
The importance of fast and easy non-linear navigation 
techniques has also been emphasized for online reading 
systems. Thus, Marshall and Bly [3] considered reading 
behaviors for both paper and digital magazines, and showed 
that the digital environment does not support sufficiently 
lightweight navigation. Liu [5] examined the reading behaviors 
of users in the digital environment over the past 10 years and 
concluded that users have become more likely to engage in 
browsing, scanning, and non-linear reading. Franze and others 
[12] noted that the academic reading workflow is non-linear. 
Despite improvements to tablet devices, recent research [13], 
[14] has shown that paper is the most efficient and preferred 
material for academic reading compared with other types of 
materials, including digital devices. 

Work-related reading is conducted in the classroom and 
office, but also in the kitchen, park, and roadside [4]. Reading 
for work on a mobile device has become more widespread, and 
non-sequential navigation has been identified as a problem. 
Thayer and others [7] applied a commercial e-reader to an 
academic environment and identified various problems, where 
they found that students conducted 26% of their reading while 
on the move. Traditional page-by-page navigation does not 
provide sufficient functionality, and thus students need 
additional non-sequential navigation interfaces. 

An observed feature of reading behavior is that users often 
read an earlier part of a text block. Duggan and Payne [15] 
demonstrated that readers usually spend more time reading 
earlier parts of a document, page, or paragraph. In addition, 
they suggested that the information-forager judgment process 
may be performed by readers at more than one level. This 
demonstrates the importance of non-linear navigation within a 
structural space. Reading earlier parts of a text block is an 
effective and natural behavior because important information is 
often located at the beginning of a passage. To the best of our 
knowledge, an interface that allows users to visit the early 
section of every text block has yet to be proposed, and the 
importance of structural navigation in a document has not been 
considered. The structure of a document reflects the intended 
flow of the writer and represents the information structure itself. 
In this study, we propose a new interface that supports 

navigation in a document structure as well as providing the 
ability to visit earlier parts of a document. 

2. Linear Navigation  

Scrollbars are a widely used and familiar interface in desktop 
and mobile environments. They are the preferred navigation 
interface for reading on a desktop, but are not very popular for 
mobile devices with a small screen. Instead, a flicking gesture 
is a more appropriate interface for smart devices [8], [9]. 
Dragging and flicking gestures are frequently combined and 
they can be used for fine and coarse navigation, respectively, 
on touch-screen equipped devices. However, for longer 
documents, a higher number of flicks increases the navigation 
time. To resolve this problem, interfaces have been proposed 
with a variable navigation speed, which depends on the area 
where the drag gesture is applied [16] and the document length 
[17]. Increasing the navigation speed in a long document has 
caused novel problems, where faster speeds may hinder the 
visual search process [18] and even increase the navigation 
time [19].  

To avoid this phenomenon, Igarashi and Hinckley [18] 
proposed speed-dependent automatic zooming (SDAZ), which 
adjusts the ratio of page zooming based on the speed in order to 
overcome the visual problems caused by rapid scrolling. 
Buchanan and Owen [20] attempted to enhance the user 
cognition process by visualizing fewer components in pages 
based on their significance when readers apply rapid scrolling. 
Lee and others [21] presented a technique for highlighting 
important objects by changing them into transparent overlays 
for a fixed period of time while pages are scrolled rapidly. 
These approaches can remove blurring and the jumbling of text 
during rapid scrolling. However, users may be unable to 
identify the target page due to the decreased readability of 
smaller sized pages and the components omitted from the 
document. 

Instead of linear flicking gestures, alternative circular 
gestures have been proposed [22]; however, Tu and others [23] 
claimed that flicks obtain better performance than circular 
gestures. Spelmezan and others [24] proposed a bidirectional 
navigation method, which moves according to the pressure 
applied using two pressure sensors placed on the device. Rendl 
and others [25] used a cover to navigate within a document, 
where users can bend the corners of the cover to control their 
navigation. Reproduction of a paper book-like interface has 
also been proposed. Chen and others [26] mimicked a paper 
book by using two tablets and they implemented page flipping 
as a lightweight linear navigation technique using a fanning 
gesture. Wightman and others [27] re-implemented reading 
behaviors such as turning a page up or down in a paper book 
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by using two electronic bendable tabs attached to either side of 
the tablet. Chen and others [28] extended non-sequential 
navigation to “between documents” using three slates, with 
two for a thumbnail view of each book and one for the page. 
However, these approaches are still limited in terms of linear 
navigation and dealing with long documents.  

3. Non-linear Navigation  

To overcome the limitations of linear navigation, various 
non-linear navigation interfaces have been proposed. Appert 
and Fekete [29] proposed an interface that allows readers to 
pan alongside the slider dimension, whereas zooming is 
enabled along the orthogonal dimension. The authors claimed 
that this method performs better than SDAZ [18].  

Quinn and Cockburn [30] developed pressure-based 
zooming and flick-based scrolling, and compared their method 
with a traditional scrollbar, the use of flicks, and OrthoZoom 
[29] in a mobile environment. However, these methods may 
reduce readability and they make it difficult to identify the page 
when a higher zoom-out ratio is applied. Cockburn and others 
[31] added a thumbnail view of all pages to facilitate 
navigation to a specific page. The focused thumbnail is 
magnified, but the same problems that affect zooming-based 
approaches occur with long documents. Thus, the thumbnails 
become smaller as the document length increases and the 
readability of the pages decreases. 

Other approaches have also been developed based on the 
document structure information. Ishak and Feiner [32] 
suggested a layout-aware navigation system, which employs 
two-column paragraphs instead of pages that depend on 
scrollbar movement, but with the properties of linear 
navigation.  

III. SATS Design and Implementation 

The SATS interface allows non-linear, structural document 
navigation using region-dependent touch gestures. As 
illustrated in Fig. 1, the page scrolls vertically and the screen 
area is divided into four vertical sections. The structural levels 
are often represented by the indentation levels of the section 
headings in a document, thus the relationship between the 
vertical screen sections and document structural levels is 
intuitive and easy to understand. When dragging/flicking 
gestures are made in the right-most area of the page, they have 
the same effect as those in existing interfaces; that is, normal 
page scrolling. A horizontal division is adequate for users who 
hold the tablet with both hands, as well as for users who 
support the tablet with one hand and make gestures with the 
other. If the tablet is held with both hands, the left and right 

 

Fig. 2. Screen capture in SATS (dotted red boxes and their labels 
are for explanatory purposes and they are not displayed in 
actual use): (a) chosen structural level indicator, (b) knob 
representing the current position in the document, (c) 
yellow circle marking the start position of a gesture, where 
the red text represents neighboring headings in the 
currently chosen structural level, and (d) left button for 
page view, center for a structural overview, and right for 
parameter setup (for example, enable/disable SATS). 

(a) 

(b)

(c) 

(d) 

 
 
thumbs can access the left and right areas, respectively. If the 
tablet is held with one hand, all four areas can be accessed 
using the index finger of the primary hand.  

A prototype application was implemented using MoSync 
3.3.1 for a 64-GB iPad Air. Figure 2 shows a screen snapshot 
of the application. In order to implement the SATS interface, 
we used three object arrays: chapter array, section array, and 
subsection array. For example, a chapter array comprises 
chapter objects, which contain a heading, the bounding box of 
the heading within a page, and the page number. We refer to 
these object arrays as index arrays because they are used as an 
index for accessing headings in a document. The programming 
logic for the SATS interface is implemented in the event 
handlers for the following three self-explanatory events: 
TouchDown, TouchMoved, and TouchUp.  

The TouchDown event handler is operated as follows. (a) By 
using the x-coordinate of the current position, the program 
determines the current structural level and selects the 
corresponding index array. For example, in Fig. 2, the user has 
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selected the “section” structural level. (b) Using the y-
coordinate of the current position and the current page number, 
the program determines the current position in the 
corresponding index array. In Fig. 2, the current position is 
labeled as 1.0. (c) The visual feedback on the screen is updated.  

The TouchMoved event handler is operated as follows. (a) 
By using the y-distance between the starting position and the 
current position, the program determines the logical scroll 
distance in the current level. (b) Using the logical scroll 
distance, the program determines the target position in the 
corresponding index array, and reads the target page number. 
(c) The image of the target page is loaded and displayed.  

In the TouchUp event handler: (a) the visual feedback for the 
SATS navigation is cleared. 

The top of the screen has labels denoting the structure level 
for navigational purposes, as shown in Fig. 2(a). The labels are 
“chapter,” “section,” “sub-section,” and “page.” When the user 
touches the screen, the structure level is selected and the 
corresponding gesture area becomes translucent. The knob on 
the right represents the current location in the document, as 
shown in Fig. 2(b), which is similar to the knob on a scroll bar. 
In the application, the knob only denotes the location and it 
provides no navigational functions.  

A yellow circle appears when the user begins a dragging 
gesture, as shown in Fig. 2(c), which helps users return to the 
current structural position. The headings of the neighboring 
structural units are displayed in red, which helps users to 
grasp the structure of the current level and their location 
within the current structural level. When a dragging gesture 
reaches the upper or lower nearest heading label, which is 
150 pixels from the center of the yellow circle, the page 
jumps to the corresponding previous or next node relative to 
the selected structural level. If a dragging gesture is applied in 
the “chapter” area, the page jumps to the previous or next 
chapter. If a dragging gesture returns to the yellow circle, the 
page returns to the initial structural position. The check mark, 
translucent indicator, yellow circle, and headings of the 
neighbor levels all disappear when the dragging gesture is 
finished. 

In response to a dragging gesture, the application provides 
scrolling visual feedback until the page actually jumps to the 
previous or next structural node. Scrolling visual feedback 
followed by a jump to the previous or next node is repeated if a 
dragging gesture is continued. 

As shown in Fig. 2(d), the three buttons at the bottom are for 
experimental purposes and they are not part of the SATS 
interface. The right button changes certain parameters such as 
the ratio between the drag distance and page moving distance. 
The other two buttons are for the comparative interface 
described in the next section.  

 

Fig. 3. Structural overview (SO) interface: (a) SO view and (b) 
performing a dragging gesture in the SO mode. 

(a) (b) 

 

IV. Structural Overview (SO) Interface – Comparative 
Interface 

We selected an SO interface as a comparative interface, as 
shown in Fig. 3. The same prototype application implemented 
both the SATS interface and SO interface in order to minimize 
the differences between the two comparative conditions in the 
experiment. As shown in Fig. 2(d), the center and left buttons at 
the bottom are for the SO interface. The user selects the center 
button to access an SO view, which presents the entire structure 
of the document, where the headings are indented according to 
their structural levels, as shown in Fig. 3(a). The user selects the 
left button to return to the main screen.  

SATS functions are deactivated in the SO mode of the 
application, where the application shows the “page” label only 
at the top of the screen and the corresponding area is 
translucent regardless of the area where a dragging gesture is 
made, as shown in Fig. 3(b). Making a dragging/flicking 
gesture moves the document only in page units.  

V. Evaluation Tasks 

We employed two approaches to evaluate the navigation 
performance. First, a quantitative approach based on the time 
required to move to designated locations at various distanced 
from the current point [33], to return to a previously visited 
page [34], and so on. Second, a qualitative approach where 
users may be asked to write an essay or answer questions 
regarding a given document [2], or experts on user interfaces 
may be asked to score different navigation methods. The 
former method may produce more objective results, but      
it might not be effective for evaluating structure-aware 
navigation using SATS because it does not require complex 
navigation based on the structural information related to the 
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Fig. 4. Illustration of the predefined non-sequential navigation paths for (a) task 1 and (b) task 2. 
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document. In addition, the latter may provide a better high-
level assessment of the effect of an interface, but the results 
may vary depending on individual user capabilities and the 
subjective judgment of the evaluators. Considering the 
advantages and limitations of the two approaches, we designed 
the evaluation experiment based on the following three 
experimental tasks. The first two tasks were designed for 
complex but predetermined non-sequential navigation paths.  

1. Task 1: Overview  

In task 1, in order to grasp the document structure and 
content, the participants were asked to visit and read the first 
three chapter headings, all section headings in the chapters,  
and all sub-section headings in the sections sequentially, as 
illustrated in Fig. 4(a). They were asked to complete the task as 
quickly as possible. The task completion time was measured in 
seconds, and the user satisfaction and workload were surveyed. 
The participants were asked to rate their user satisfaction on a 
scale from 1 to 10, and their workload from 1 to 20. 

The goal of task 1 was to examine the efficiency of each 
interface at providing an overview [28], which is the process of 
understanding the overall structure of a document. We assumed 
that users would attempt to take a broad view initially, and then 
proceed to narrower views to acquire an overview of the 
document. Headings are often considered as navigational units 
because they represent the content of a block, and important 
information is usually written at the beginning of a block 
following a heading. Therefore, searching and reading through 
headings repeatedly from the macro- to micro- level is a 

common strategy for obtaining an overview. 

2. Task 2: Selective Reading  

In task 2, the participants were asked to visit and read 
headings marked as “important” by the symbol “O.” They 
were informed that an unmarked node did not have a marked 
sub-node, and thus a whole node could be skipped if it was not 
marked. Figure 4(b) shows an example of the path they took 
during this task. They were asked to complete the task as 
quickly as possible. The task completion time was measured in 
seconds, and the level of user satisfaction and the workload 
were surveyed in the same manner as task 1. We also counted 
the number of missed “O” marks to compare the error rates 
between interfaces. 

The goal of task 2 was to examine the efficiency of the 
interfaces during selective reading [5]. Similar to task 1, the 
headings were used as navigational units. To exclude the 
effects of individual capabilities, important parts were not 
determined by the participants, but instead they were pre-
determined and marked. The marks were similar in size and 
color to the headings in order to prevent them from standing 
out, thereby forcing the participants to search the page and find 
them. If a chapter was marked, its sections could or could not 
be marked. If a chapter was not marked, none of its sections 
were marked. The same rules applied to the sections and sub-
sections recursively. Thus, if a user decided that a heading and 
its associated block were worth reading, the included lower 
level headings and related blocks might or might not be worth 
reading. However, if a user considered that a certain block 
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could be skipped, all of the lower levels of this block may be 
ignored or skipped.  

VI. Experiment  

The goal of the experiment was to estimate the levels of 
performance, user satisfaction, and task workload compared 
with the SO interface in the three tasks mentioned above.  

1. Participants  

We recruited 10 college or graduate level engineering 
students (eight male and two female with an average age of 
23.9 years) from a four-year university located in an East Asian 
country. They all had experience of reading electronic 
documents on smart devices. They were not native English 
speakers but they used English in class every day. 

2. Apparatus 

An iPad Air was employed for the experiment. Smartphones 
were not used because they do not provide a sufficient screen 
size for reading a long document and may require frequent 
scaling procedures, such as zooming while reading, which 
could have affected and interfered with the typical reading 
behaviors of the users. 

As described in the previous section, the prototype 
application operated in either the SATS or SO mode, and it was 
used for both the SATS and SO interfaces. 

3. Documents  

The commonly used PDF format is considered the industry 
standard, but it was designed mainly for content rendering and 
not for understanding the content of a document, and thus it 
was difficult to find PDF files that included structural 
information. Given our limited choices, we selected “Getting 
Started with MATLAB” (Doc 1, 138 pages), “Installation 
Guide for Windows” (Doc 2, 96 pages), and “Installation 
Guide for UNIX” (Doc 3, 88 pages) from MathWorks.      

The readers could assume that a chapter had at least one 
section and that a section had at least one sub-section, and so 
on, but this was not necessarily true. This is not a problem 
when linear navigation is applied. However, for SATS, if a 
chapter node had no section node, or a section node had no 
subsection node, readers might feel that something had been 
skipped, or in extreme cases, that they were lost. To prevent 
this problem, we inserted a null sub-node at the beginning of 
each node to satisfy the following condition: every chapter 
node has a section node, every section node has a subsection 

node, and so on. 

4. Procedure 

The experiment was conducted in a room with a table and 
two chairs under the supervision of an experimenter. The 
participants adopted a comfortable posture during the 
experiment without any restrictions. 

Before the main sessions, the participants had a 3-min 
practice session to familiarize themselves with each interface 
using Doc 3. The participants then completed three sessions for 
the three tasks. In each session, they used the two interfaces 
and the two documents, Doc 1 and Doc 2. To counterbalance 
the trials, half of the participants (group A) used the SATS 
interface and Doc 1 first, and then the SO interface and Doc 2, 
whereas the other half (group B) used the SO interface and 
Doc 1 first, and then the SATS interface and Doc 2 during each 
session. There was a 3-min break between sessions, and a    
1-min break between interfaces. After completing each session, 
the users completed a questionnaire and a workload sheet. 
After the participants finished all of the sessions, we asked 
them to write down their comments regarding the interfaces 
and the three corresponding tasks.  

We adopted the user satisfaction questionnaire and scales 
developed by Hornbæk and others [10], with the exception of 
the map-navigation related items. NASA-TLX was used 
without any modifications to examine the workload of the 
participants.  

VII. Results 

We present the experimental results for each task and 
summaries of the subjective user feedback in the following 
subsections.  

1. Task 1: Overview 

Tables 1 and 2 summarize the mean completion times, mean 
user satisfaction ratings, and mean workload indexes for task  
1 using the two interfaces. The completion times were 
normalized based on the number of target headings in the 
documents used for this task. The results of paired t-tests 
showed that the SATS interface was significantly faster than 
the SO interface (SATS, 2.1 s; SO, 3.1 s; p < 0.01), and it had 
significantly higher mean satisfaction ratings for “wonderful” 
(SATS, 8.0; SO, 6.0; p < 0.01), “satisfying” (SATS, 7.8; SO, 
5.8; p < 0.01), and “stimulating” (SATS, 7.8; SO, 4.8; p < 0.01). 
The SATS interface also had significantly lower mean 
workload indexes for “physical demand” (SATS, 4.3; SO, 11.0; 
p < 0.01) and “frustration” (SATS, 5.3; SO, 10.1; p < 0.01). 
The differences were not statistically significant, but the SATS  
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Table 1. Mean completion times and mean user satisfaction ratings 
for task 1 (overview) using the two interfaces. 

Mean user satisfaction rating 

Interface 

Mean 
completion 

time  
(p < 0.01) 

Wonderful 
(p < 0.01) 

Satisfying 
(p < 0.01) 

Stimulating 
(p < 0.01) 

Flexible Clear

SATS 2.1 s 8.0 7.8 7.8 7.5 6.2

SO 3.1 s 6.0 5.8 4.8 5.1 7.7

 

Table 2. Mean workload indexes for task 1 (overview) using the two 
interfaces. 

Mean workload 

Interface Mental 
demand 

Physical 
demand 

(p < 0.01) 

Temporal 
demand

Performance Effort
Frustration 
(p < 0.01)

SATS 8.7 4.3 8.2 5.1 7.1 5.3 

SO 8.6 11.0 10.8 5.8 11.0 10.1 

 

Table 3. Mean completion times and mean user satisfaction ratings 
for task 2 (selective reading) using the two interfaces. 

Mean user satisfaction rating 

Interface 

Mean 
completion 

time  

(p < 0.05) 
Wonderful 

Satisfying 

(p < 0.05) 

Stimulating 

(p < 0.01) 

Flexible

(p < 0.01)
Clear

SATS 4.8 s 7.6 7.8 7.3 7.9 7.3

SO 5.5 s 6.3 6.4 5.7 5.7 6.8

 

Table 4. Mean number of missed “O” marks and mean workload 
indexes for task 2 (selective reading) using the two 
interfaces. 

Mean workload 

Interface 

Mean 

number  

of missed 

“O” marks 

Mental 
demand 

Physical 
demand  

(p < 0.05) 

Temporal 
demand 

Performance 

(p < 0.05) 

Effort 

(p < 0.05)
Frustration

SATS 0.3 6.7 5.0 6.1 3.7 5.5 5.1 

SO 0.5 8.2 7.6 7.1 6.5 9.1 6.1 

 

 
interface was rated poorly in terms of being “clear” (SATS, 6.2; 
SO, 7.7) and for “mental load” (SATS, 8.7; SO, 8.6), despite 
the relatively good task performance of the SATS interface.  

2. Task 2: Selective Reading 

Tables 3 and 4 summarize the mean completion times, 
number of missed “O” marks, mean user satisfaction ratings, 
and mean workload indexes for task 2 using the two interfaces. 

The completion times were normalized based on the number of 
target headings for this task in the documents. The results of a 
paired t-test showed that the SATS interface was faster than the 
SO interface (SATS, 4.8 s; SO, 5.5 s; p < 0.05), and it had 
significantly higher mean satisfaction ratings for “satisfying” 
(SATS, 7.8; SO, 6.4; p < 0.05), “stimulating” (SATS, 7.3; SO, 
5.7; p < 0.01), and “flexible” (SATS, 7.9; SO, 5.7; p < 0.01). 
The SATS interface also had significantly lower mean 
workload indexes for “physical demand” (SATS, 5.0; SO, 7.6; 
p < 0.05), “performance” (SATS, 3.7; SO, 6.5; p < 0.05), and 
“effort” (SATS, 5.5; SO, 9.1; p < 0.05). All user satisfaction 
and workload results were in favor of the SATS interface. The 
SATS interface had a slightly smaller error rate than the SO 
interface, although the difference was not statistically 
significant (SATS, 0.3; SO, 0.5).  

3. User Feedback 

SATS seemed to be well received by the participants. Five of 
the participants mentioned explicitly that SATS was useful for 
creating a summary. Two of the participants mentioned that 
SATS was actually fun to use. One participant said he did not 
use the page scrolling at all when SATS was available. 

However, some usability problems were identified. Four of 
the participants mentioned that their finger blocked the text 
when they performed a long dragging gesture to scroll through 
the chapters or sections. Two of the participants stated that they 
were worried they might have skipped important parts when 
they scrolled through chapters or sections. Two of the 
participants stated that they needed time to adapt themselves to 
SATS. 

VIII. Conclusion 

In this study, we proposed and evaluated SATS, a novel 
interactive technique for structural document navigation using 
region-based gestures. The results of user experiments with  
the SATS interface demonstrated its improved navigation 
performance, superior user satisfaction, and lower workload 
compared with the SO interface in overview, selective reading, 
and summarization tasks. The SATS interface was consistently 
faster than the SO interface, and it received higher user 
satisfaction ratings and lower workload assessments. In 
particular, the “satisfying,” “stimulating,” and “mental 
demand” scores were better than those received by the SO 
interface in each of the three tasks conducted. In addition, the 
participants expressed their interest and willingness to use the 
SATS interface. 

Future research will address the following issues: 1) 
observing how users employ the SATS interface in their typical 
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work environment based on a long-term study, and 2) 
analyzing the learning curves of the SATS interface for users 
who are unfamiliar with digital devices or e-readers.  
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