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A BST R A C T  
Skimming broadly refers to different speed-reading methods that 
aim to enhance the rate of reading without unduly compromising 
on comprehension and retention of information.  Skimming of 
content could be particularly useful for people with vision 
impairments, who frequently experience information overload 
when listening to reams of digital content online.  Support for 
usable and useful skimming in modern screen readers remains 
very poor. This paper explores the user requirements for a usable 
non-visual skimming interface, informed by a large-scale human-
subject experiment with blind individuals. Specifically, the study 
has: (1) helped identify the type of skimming that can be useful in 
screen reading main content in web pages; (2) led to the 
development of a usable interface for accessible online skimming; 
(3) demonstrated the utility of the accessible skimming interface 
in two realistic use scenarios; (4) identified automatic 

skimming methods used by sighted people. 

Categories and Subject Descriptors 
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1 IN T R O DU C T I O N  
Since the invention of computers, researchers and practitioners 
have been trying to make computers more accessible to people 
with vision impairments. The introduction of screen readers has 
given blind people the ability to access web content. Nevertheless, 
a large gap remains between the ways blind and sighted people 
interact with web pages.  
Sighted individuals can quickly process web content with their 
eyes; in contrast, blind people have to use screen readers [19, 25, 

31]  assistive technology software that can narrate web page 
content. A screen reader typically reads all of the content, while 
allowing users to navigate in it. Although screen readers enable 
blind people to access the Web, screen-reader users often cannot 
determine whether the content in web pages is worth listening to, 
unless they hear at least some of it. As a result, blind users often 
suffer from information overload.   
Sighted people who are used to reading large volumes of 
information often employ skimming [22, 24], a speed-reading 
technique that allows them to get the general idea of the main 
content in web pages and sift through information very quickly, 
without reading the entire content and, most importantly, without 
sacrificing basic understanding (a detailed overview of skimming 
techniques is provided in the Background Section). While screen-

Instapaper to find main content in web pages, they cannot process 
information in the same way and as fast as sighted people can [4]. 
And this is where assistive technology should come to rescue. 
JAWS screen reader [19]  [20], 
which allows users to read the 1st line or the 1st sentence of each 
paragraph. It also lets users specify regular expressions and then 
listen to the content that matches those expressions. Although 
with this feature, users can get some idea of the content, they miss 
most of the information and often have to reread the same content 
over again. Twenty experienced JAWS users we interviewed 
either did not know about the JAWS skimming feature or 

user study with the same users, we observed that they use their 

the Ad-Hoc Techniques Section. Therefore, there is a clear need 
for an assistive technology that can facilitate effective skimming 
for screen-reader users. Before attempting to design an algorithm 
to support skimming, in this paper, we aim to identify the qualities 
of a usable skimming interface and evaluate it with end-users. 
To design a skimming interface that would be useful for screen-
reader users, we reviewed the skimming techniques employed by 
sighted people, identified the specifications of several possible 
skimming interfaces, and evaluated them in realistic use scenarios. 
In interviews with screen-reader users, we determined that, for 
faster reading, they wanted to have access to a shortened summary 
that would, however, preserve most of the original content. To 
obtain such summaries, we conducted an experiment with 12 
sighted people who shortened 6 web articles and generated several 
variations of gold-standard summaries for skimming. We then 
developed a screen-reading interface that allowed blind people to 
switch seamlessly between an article and its summary. Finally, we 
conducted an extensive user study with 20 blind subjects to 
evaluate several types of skimming in listening-and-
comprehension and in search scenarios that we overview later.  

 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that 
copies bear this notice and the full citation on the first page. To copy 
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
W4A2012 - Technical, April 16-17, 2012, Lyon, France. Co-Located 
with the 21st International World Wide Web Conference. Copyright 
2012 ACM 978-1-4503-1019-2...$5.00. 
 



The results of our experiments helped us compare several 
variations of skimming summaries, confirmed the general 
effectiveness and usability of our skimming interface for main 
content in web pages, and received highly positive feedback from 
the end-users who participated in the study. Statistical 
significance tests provided strong support of our two primary 
hypotheses: A:

and B: 
 

To summarize, the 4 major contributions of this paper are: 
1. Identifying the type of skimming that is perceived as 

-reader users; 
2. Proposing a usable interface for skimming; 
3. Demonstrating high utility and effectiveness of the skimming 

interface in realistic use scenarios; 
4. Providing insight into how automated summarization can be 

developed to support the skimming interface.  

Although we realize that the proposed accessible skimming 
interface could be used with any digital content, in this paper we 
focus primarily on skimming main content in online articles. 

2 B A C K G R O UND  
In this section, we review the skimming techniques employed by 
sighted people, assess the skimming approaches available to 
screen-reader users, relate skimming and summarization, and, 
finally, establish the need for a more usable skimming approach. 

2.1 Skimming (a.k .a. Scanning) 
People typically read for enjoyment, to search for information, to 
complete a task, or to explore / review text [22]. Whatever the 
specific purpose of reading may be, in our information-driven 
society, people are faced with large volumes of information that 
they need to process. Cognitive overload is a fundamental 
problem that arises while reading volumes of text. The problem 
gets worse especially when the information context changes 
frequently across the content [6], which is especially true when 
browsing websites. Hence, the ability to sift through information 
can be very useful for reducing the cognitive load.  
To overcome the cognitive overload, sighted people employ a 
number of different speed-reading techniques (a.k.a. skimming or 
scanning). We will treat  and as 
synonyms. Usually, the technique is chosen depending on the 
purpose of reading. Ron Kurtus has suggested a couple of 
methods that students can use to read faster, which include 
reading first sentence, skimming several times, etc. [21].  
The following are the most frequent skimming techniques 
employed by sighted people. One of the simpler techniques is to 
look through the illustrations, titles, subtitles, and other visually 
prominent content. However, this only gives an idea of what the 
content is about. To gain a deeper understanding of the content 
one can read the first and/or the last sentence in each paragraph. 
This is the technique that JAWS [19] screen reader is trying to 
imitate with its skimming feature [20], as we describe in the next 
section. However, to gain understanding of the content, one has to 
scan the entire content; more advanced sighted readers can scan 
through the content catching separate phrases instead of individual 
words. So without reading every word, advanced readers can get 
most of the information slowing down or accelerating depending 
on their information needs. This can often be accomplished by 

diagonal reading, when the reader moves the eyes diagonally over 
the content picking out the most important phrases [29].   

2.2 Skimming in Accessibility 
During our study, a number of blind subjects said they wished 
they could skim web pages. Unlike sighted users, blind people 
have to use screen readers to access web content.  Screen readers 
have come a long way from simple screen reading to intelligent 
content analysis that can segment web pages, categorize web 
objects by type, and offer the layered interface to navigate them 
[5, 7, 30]. However, screen readers still do not offer adequate 
support of skimming. So far, other than JAWS, no screen reader 

[30] has 
several features that are relevant to skimming. 
JAWS screen reader [19] has a skimming feature [20] which 
allows users to read the 1st sentence or a line of each paragraph. It 
also lets users create their own rules (regular expressions) for 
skimming. The rules tell JAWS to read certain patterns in the 
article, but most rules, other than those relating to text formatting, 
cannot be applied to different content. In our interviews, screen-
reader users said that JAWS skimming 

 not enough to look into the content of an 
article
feature, but used for a different purpose and with a different name.  
VoiceOver (VO) screen reader [30] has a user friendly accessible 
interface for interacting with the screen content. VO has a number 
of features that enable users to read faster, however, none of them 
can be called skimming. VO allows users to drag a finger over the 
screen and listen to the content under the finger. In [1] Ahmed et 

pointed out that there was no way to ensure that content was read 
sequentially. While this feature could, in theory, be used for 
skimming, currently VO simply reads the content under the finger 
without trying to determine how important that content is. 
VoiceOver, just like Hearsay [5], provides a layered view on web 
content allowing users to access elements of a particular type 
(e.g., headings, links, images, etc.). While this feature could give 
an overview of the content, it cannot reproduce the experience of 
glancing over an article and picking the most salient phrases. 
Based on our interviews with screen-reader users, none of the 
assistive technology tools has adequate support of skimming. As a 
result, screen-reader users try to use regular screen-reader 
navigation shortcuts to simulate skimming in web pages, as was 
confirmed during our user study. Unfortunately, as we show in 
our experiments, such ad hoc skimming (Section 4) does not 
prove to be particularly effective.  

2.3 Summarization  
Summarization is a process of condensing textual content into a 
shorter version, to help the audience get the gist in a short period 
of time. Summarization is supposed to highlight important points 
of the original long content (e.g., article, paper, book, etc.) to give 
the user the gist of the content, but summarization frequently does 
not preserve the mood or style of the original text. Automated 
summarization techniques aim to summarize text with the help of 
computer algorithms [28]. 
Several attempts have been made to use summarization in 
assistive technology tools. Harper et al. introduced Summate [15] 

 a summarization tool for blind individuals. Summate is a 
FireFox-based tool that summarizes web pages and presents the 
summary in an alert box. Another accessibility tool, AcceSS [27] 



attempted to simplify and summarize web contents for web users. 
AcceSS was doing simplification by removing the clutter and 
retaining the important sections to give the user a preview of the 
page. Oxford Brookes University have built a Web navigation tool 
called BrookesTalk [34] that uses information retrieval techniques 
to summarize a Web page for quick orientation. While these tools 
gave screen-reader users the ability to preview content, they have 
not given the blind users the ability to skim and switch between 
the summary and the original content easily. 
Unfortunately, summarization alone does not enable skimming. A 
summary often does not preserve all of the salient content, 
because, otherwise, the summary will be too long. Reading a 
summary, a blind person can get the gist of the content, but cannot 
control how much information appears in the summary and has no 
easy way to get more information. Our subjects reported that, after 
reading regular summaries, they would often have to read the 
entire content again to look for missing information.  
In our research, we are trying to recreate the skimming experience 
that blind people have not been able to enjoy. We believe that, at 
its core, skimming is an interface has to rely on summarization. 
Broadly, there are two main types of summarization techniques: 
summarization by extraction and summarization by abstraction. In 
short, extraction deals with picking out the most salient sentences 
or phrases from the original text [2, 12, 13], and  abstraction is 
compressing sentences [3, 9], which involves paraphrasing the 
existing content, for example by automatically filling out a 
template [18]. Most of the existing summarization techniques [10, 
11, 14, 18, 32, 36] use one or both of these two techniques.  

most suitable technique to support computerized skimming. 
Evaluation and comparison of the existing approaches to 
extractive summarization was not in the scope of this research, 
instead, we focused on confirming that non-visual skimming was 
useful for screen-reader users. Because we did not want 
shortcomings of the existing summarization technique to affect 
the results, we used human-generated summaries to identify the 
qualities of the ideal automated skimming approach. 

2.4 The Need for Accessible Skimming 
Our review of literature, as well as personal experience have 
shown that sighted people employ numerous speed-reading 
techniques; sighted readers can scan web content with their eyes 
and pick out salient sentences and phrases that help the readers get 
the gist of the content. Assistive technology does not provide 
adequate support of skimming that would allow blind people to 
skim with efficiency comparable to that of sighted people.  
Summarization by itself does not satisfy the need for skimming; 
for screen-reader users, reading a summary is more like reading a 
separate, albeit shorter, narrative. We are not aware of any 
interfaces that can connect the summary and the original text  the 
feature that would allow the screen-reader user to switch 
seamlessly between the two.  
Based on our interviews with screen-reader users, extractive 
summarization techniques that preserve the original content 
appear to be the best match for enabling the skimming interface. 
The design of an appropriate summarization approach is the 
subject of future research that will be informed by the experiments 
described in this paper.  

3 D ESI G N & E V A L U A T I O N 
We have conducted a user study in order to verify the utility of 
skimming and evaluate our skimming interface. In the first step 
we prepared the materials for the user study, by asking 12 sighted 
subjects to create gold-standard summaries of several web 
articles, i.e. manually summarize the articles. In the second step, 
20 blind subjects were asked to use our skimming interface to do 
two realistic tasks (listening and comprehension and searching for 
information) with and without the skimming interface. 

3.1 Generating Gold-Standard Summaries 
The quality of automated summarization is gradually approaching 
that of humans [28, 35]. However, to enable and evaluate the 
proposed skimming interface without committing to a particular 
automated summarization technique, we employed human-
generated summarization. We will use the terms -standard 

  to refer to the human-generated 
summaries throughout the paper. By using sighted subjects to 
manually produce gold summaries of articles, we were able to 
guarantee that the results of our experiment would not be affected 
by the shortcomings of any particular summarization method. 

3.1.1 Participants 
To generate the gold summaries, we recruited 12 sighted 
participants  all college-educated and fluent in English. 

3.1.2 Setup 
We collected 6 news articles on different topics with 5-6 
paragraphs in each of the articles on average. Each of the 12 
sighted participants was asked to summarize 2 articles, thus, 
generating 4 gold-standard summaries for each article. 
Since the purpose of skimming was to pick out the most salient 
information without rephrasing the original content, we stipulated 
that the subjects use extractive summarization. Since the point of 
skimming was to save time to the end users by presenting less 
information, we set the upper bound on the length of the summary 
to 1/3 of the original content. However, we did not want to dictate 
how exactly to do summarization, so each participant was 

 

 Each sentence is to be summarized separately; 
 The summary may only include words and phrases found in 

the summarized sentence; 
 Words in the summary should be in the same order they 

appear in the original text;  
 The length of the summary should be no more than one third 

of the length of the original article; 
 Summaries should be as informative as possible. 

3.1.3 Analysis 
Sighted human subjects generated 4 gold-standard summaries for 
each of the 6 articles. Because of the loose guidelines, subjects 
generated summaries of variable length choosing different words. 
Specifically, some summaries were composed of mostly nouns, 
others also had prepositions, and yet others preserved some verbs, 
adjectives, and adverbs. F igure 1 shows that in the original text 
nouns (31%), adjectives (9%), adverbs (4%), verbs (15%) 
preposition (13%) were the most common parts of speech. After 
the gold-standard summarization, the ratios changed: nouns 
(54%), adjectives (11%), adverbs (11%), verbs (12%), and 
prepositions (7%), and these were still the most commonly chosen 



parts of speech (F igure 2). This indicates that these parts of 
speech carried the most meaning in the original text. 
category included interjections, pronouns, determiners, 
predeterminers, etc. In almost all summaries, the punctuation was 
preserved. We believe this is because punctuation partitions 
sentences and clauses and helps preserve some of the original 
semantics. 
The analysis of the parts of speech in the gold-standard summaries 
served as the key to designing the experiments for blind subjects. 
The results of this experiment prompted us to choose 3 types of 
summarization to be used in our subsequent experiments.  To 
obtain the three types of summaries, we first merged the 4 gold-
standard summaries of each article into a single summary using 
the following approach: if at least two subjects chose a certain 
word  we included it in the final summary. We preserved the 
original word order and punctuation. This summary is shown as 
summary C in Table 1. From summary C, we, then, created two 
more types of summaries: one with only nouns (summary A) and 
the other with nouns and prepositions (summary B). In Summary 
A. we kept only nouns and numerals that also appeared in 
Summary C. And to produce Summary B, we extended summary 
A with prepositions. Therefore, summary C contains human 
summary as it is, which has a mix of parts of speech (noun, verb, 
adj., prep, adv., others) which were chosen by human. In Table 1, 
we provide samples of the 3 summaries (passages A, B, and C) for 
a paragraph (D) taken from a New York Times article [26]. Note 
the increasing level of detail from one summary to the other. 

 

 
 

3.2 User Study 
To evaluate accessible skimming, we conducted an extensive user 
study with 20 blind subjects who used our skimming in listening-
and-comprehension, as well as in search scenarios; these two 
common scenarios, where skimming could be most useful, were 
selected in informal discussions with blind screen-reader users. 
We then conducted a user study that demonstrated that accessible 
skimming improved user efficiency in both scenarios. 
Furthermore, this study helped obtain both quantitative and 
qualitative data that further validate the usability and effectiveness 
of the accessible skimming interface. In this section, we describe 
the experimental set up and discuss the results of the user study. 

Table 1  Gold-Standard Summaries 

A: Gold summary with nouns only: 
Twitter, 10 person startup San F rancisco, Obvious. Mixture 
networking microblogging. idea, people omnipresence. Use 
Iran election. 

B: Gold Summary with nouns and prepositions only: 
Twitter, 10 person startup San F rancisco, Obvious. Mixture 
of networking microblogging. on idea, people 
omnipresence. Use in Iran election .  

C: Combined gold summary 
Twitter, 10 person startup San Francisco, called Obvious. 
Mixture of social networking microblogging. based on 
idea, people enjoy virtual omnipresence. Use in Iran 
disputed election.  

D: Original paragraph 

Twitter, which was created by a 10 person startup in San 
F rancisco was called Obvious. It is a heady mixture of 

Twitter's rapid growth made it the object of intense interest. 
The object of fair amount of ridicule, as it was derided as 
high tech trivia or the latest in time-wasting devices. But its 
use in Iran in the wake of the disputed presidential election 
of June 2009 brought it new respect. It was used to 
organize protests and disseminate information in the face 
of a news media crackdown. 

 
3.2.1 Participants 
Disability Resource Center of Anonymous State University 
helped us to recruit 20 blind subjects who participated in the user 
study. Gender representation was approximately equal. The ages 
of participants were evenly distributed and varied from early 
twenties to late sixties. Four of the subjects considered themselves 
expert computer users, ten of them were very comfortable and six 
were comfortable with computers.  All subjects were well-versed 
in the use of screen readers, with JAWS as their primary screen 
reader. Computer usage was more than 20 hours per week for ten 
subjects, 11-20 hours per week for seven subjects, 6-10 hours per 
week for one subject, and 1-5 hours a week for the remaining two 
subjects. 

3.2.2 Setup: Listening and Comprehension 
When experienced sighted readers want to get a gist of the text, 
they can quickly scan through the text picking out salient 

F igure 2. Parts-of-speech dist r ibution in gold-standard 
summaries 

F igure 1. Parts-of-speech distr ibution in original text 



information. To test how well our skimming interface can 
facilitate speed-reading, we designed an experiment testing how 
much information our subjects could retain while skimming, 
compared to regular screen reading as a baseline. 
In a within-subjects experiment that had a 4 by 4 cell design, we 
had each subject listen to 4 different articles using 3 types of 
summaries A, B, and C, and the full text D (Table 1). We varied 
the order of the tasks for counterbalancing and to avoid bias.  
We considered including a condition that would test the 1st-
sentence-of-each-paragraph summary (similar to JAWS 
skimming), but, after trying it in a pilot study, we concluded that 
such a summary contained too little information and could not be 
used effectively in either the listening-and-comprehension or the 
searching scenarios. 
Before the experiment, the subjects were given a sample listening-
and-comprehension task to practice with. They were not allowed 
to use navigation shortcuts in this task. Each task took 
approximately 10 minutes. 
Every task was followed by a set of 10 questions that tested the 
retention of information. The first question was open-ended and 
the rest were multiple-choice. The questions we formulated 
covered the major points of each article without regard for which 
content actually appeared in the corresponding gold summary and 
covered the parts of speech that appeared in the gold summaries: 1 
question was on the 

 the 
 the verbs 

 
1 on the 

 the 
ki   We 
approximately followed the distribution of the parts of speech in 
the original articles and were consistent in this break-down across 
all articles. 

3.2.3 Setup: Ad-Hoc Searching Scenario 
When experienced sighted or blind readers want to find some 
information in a lengthy text, but cannot search for the exact 
keywords, they quickly skim the text until they find a relevant 
passage and then start reading normally. It is also notable that 
many screen-reader users do not even use the search feature. To 
assess whether accessible skimming can help in this scenario, we 
designed an experiment that tested whether the subjects could find 
the answer to a specific question quickly using accessible 
skimming vs. their own ad-hoc skimming techniques as the 
baseline.  
In a within-subjects experiment that had a 2 by 2 cell design, we 
had each subject skim through 2 different articles using the 
combined gold summary C and the full text D. Throughout the 
rest of the paper, we will use the term skimming to mean 
skimming using gold summary and we will use reading to mean 
reading of text using regular shortcuts. The conditions were 
counterbalanced across subjects to avoid bias. Before each task, 
the subjects were asked a question, the answer to which they had 
to find in the article. The questions were formulated used different 
wording than the actual article, so that the subjects could not 

country in which the results of the   
The subjects were instructed not to try keyword searching. 

The answer to the question was contained in the 4th paragraph of 
each article to increase the time required to find the answer. 
Having the answer in the beginning of the articles would have 
caused the users to find the answer equally fast with and without 
skimming, defeating the purpose of the experiment. Further, we 
only used one type of summary in this experiment to avoid the 
learning effect that would have been observed had our subjects 
figured out that the answer was toward the end of the article. 
Varying the location of the answer would have increased the 
variation of the completion times.  
In this task, we measured the time it took subjects to reach the 
sentence that contained the answer to the question, as well as the 
time needed to understand and give an answer to the question. We 
also measured the number of keystrokes the subjects pressed to 
find the answer. Finally, we observed and noted the ad-hoc 
skimming strategies employed by the subjects while reading the 
full text.  The subjects were given a sample task before the 
experiment and 5 minutes to practice with the skimming interface. 
They were allowed to use any navigation shortcuts which they 
were used to. Each task took approximately 10 minutes. 

3.2.4 Questionnaires 
Following each task in either of the scenarios, the participants 
were asked to rate the perceived difficulty of the task on a 5-point 
Likert scale (1=Very Easy to 5=Very Hard) (F igure 4). At the end 
of the experiments, we read statements about the skimming 
experience to the subjects and asked them to rate the statements 
on a 5-point Likert scale (1=Strongly Disagree to 5=Strongly 
Agree)  Table 2 summarizes the ratings. 

Table 2  Average 5-Point L ikert scale values (St. Dev.)                
(Scale 1=Strongly Disagree to 5=Strongly Agree) 

General Statements Avg (St Dev) 

I wish I could look through articles faster,  
than I can with a screen reader 

3.80 (1.15) 

I often experience difficulties looking for 
desired information within an article 

3.40 (0.99) 

Skimming made reading through articles faster 4.20 (1.00) 
I was able to understand articles equally well 
when skimming and when reading full article 

2.70 (1.34) 

I want to use the skimming feature in the future 4.30  (1.03)  

 

3.2.5 Interface for Accessible Skimming 
To evaluate the accessible skimming interface, we used our 
Hearsay [5] platform. We used IVONA TTS [17] voice  
with speech rate of 180 words per minute. The screen-reader 
interface enabled subjects to use all the typical navigation 
shortcuts used by the mainstream screen-readers such as JAWS 
[19], e.g., paragraph / sentence / word / character navigation, 
pause / resume, etc. The articles were plain text containing no 
links or images. 
To enable skimming in the searching scenario, we added a new 
shortcut that allowed users to switch seamlessly between the 
summary and the original article preserving the current reading 
position. When switching from the regular screen-reading to the 
skimming mode, the reading position was reset to the closest 
preceding word that was in both the original text and the 
summary. As a result, the user gets an impression that the system 
continues to read the same content, but is now skipping parts of it. 



By switching back and forth, the user can, essentially, control the 
amount of detail. This feature helped us emulate the behavior of 
experienced sighted readers who usually can scan quickly and 
then, at any point, slow down to read the text regularly. 
In the searching-with-skimming condition, the subjects could use 
all navigational shortcuts. The search shortcut was disabled. The 
subjects were instructed not to try keyword searching because 
some would and some would not depending on their experience 
with screen readers. However, to make the scenario realistic, the 
questions were formulated using the wording different from that 
of the actual article, so that one could not easily search for the 
exact keywords. 

3.3 Hypotheses and Results 
To test the two general hypotheses proposed in the introduction, 
we formulated a series of specific hypotheses that we accepted or 
rejected based on the statistical significance testing. In this section 
we provide the details and the results on all tested hypotheses. 
Also we present the results of the analysis of the post-completion 
questionnaire.   
We considered statistical significance level of alpha = 0.01, while 
conducting the t-test tests on the data. The results may have been 
significant even with a smaller rejection region, but we did not 
want to increase the probability of the Type II error. The 
following are the specific hypotheses tested in the experiments 
and the results. 

3.3.1 Hypotheses and Results: Comprehension 
H1: The questions on general comprehension of the articles can 
be answered equally well for summary A, B, C, and D.  
Results: Subjects were able to answer correctly the question 

Dev.=40%) for summary A, 90% (St.Dev.=30%) for summary B, 
100% (St. Dev.=0) for summary C, 100% (St. Dev.=0) for 
summary D.  
Discussion: One of our important goals was to check if skimming 
adversely affected the general understanding of a text. This 
hypothesis clearly shows after listening to summary D, the 
subjects had no problem answering the general comprehension 
question. This was not the case with summaries A and B that 
contained no verbs, adjectives, or adverbs.  
H2: The use of verbs, adverbs, and adjectives (VAAs) in 
skimming, in addition to nouns, enables greater comprehension 
overall compared to skimming without VAAs.  
Results: Subjects were able to give correct answers to 56.50% 
(St. Dev. = 13.86%) and 62.0% (St. Dev. 16.73%) of questions 
after reading summary A and B, which do not contain any VAAs. 
In contrast, subjects were able to answer correctly 77.50% (St. 
Dev.=11.64%) and 80.50% (St. Dev.=14.31%) of questions after 
listening to summary C and D respectively which contain VAAs. 
Using the one-tailed paired t-test, we found the differences in the 
question answering accuracy to be statistically significant 
(t=6.352, df=19, p<0.0001), accepting H2. 
Discussion: The parts-of-speech distributions in the original text 
and the gold-standard summary presented in F igure 1 and Figure 
2) show the essential parts of speech that need to be preserved in 
the summary. This hypothesis, although unsurprising, suggests 
that VAAs can be very important in a summary. 
H3: Comprehension of any action described in text, increases if 
the summary includes Verbs, Adjectives, and Adverbs (VAAs).  

Results: Our questions about actions / verbs were designed to 

the articles, they did not test the ability to guess / remember the 
exact verb. Subjects were able to answer questions about actions 
correctly in 50% (St. Dev. = 35%) and 45% (St. Dev.=27%) of 
cases for summaries A and B respectively. For summaries C and 
D, subjects were able to answer questions correctly in 78.33% (St. 
Dev. = 24.83%) and 76.66% (St. Dev.=26.71%) cases on average 
respectively. So average correctness in answering questions after 
reading summaries C and D are greater than after reading 
summaries A and B. This was an obvious result, since summaries 
A and B did not contain VAAs and we still asked questions about 
VAAs. However, we have also compared the accuracy of answers 
for questions about only nouns, which were present in all 
summaries. Subjects answered questions on nouns correctly: 
63.75% (St. Dev.=26.25) for summary A, 72.50% (St. 
Dev.=17.98%) for summary B, 81.25% (St. Dev.=15.96%) for 
summary C, and 83.75% (St. Dev.=18.62%) for summary D. The 
differences between A and B, B and C, C and D were not found to 
be significant, but the difference between A and C was: (t=-2.570, 
df=19, p=0.009). This result suggests that punctuation and VAAs 
together have improved the answers of noun questions. Thus we 
can only partially accept H3. 
Discussion: It is notable, that the difference between A and B, as 
well between C and D, was not statistically significant, which 

comparable for the gold-standard summary and the original text. 

 
F igure 3 Average correctness (St. Dev.) of question answering 

with different summaries and full text D 

H4: After reading each of the summaries A, B, C, and D subjects 
can answer increasingly more questions correctly.  
Results: Subjects were able to give answers with the average 
accuracy of 56.50% (St. Dev. = 13.86%), 62.00% (St. Dev. = 
16.73%), 77.50% (St. Dev. = 11.64%), and 80.50% (St. Dev. = 
14.31%) after listening to summaries A, B, C, and D respectively 
(F igure 3), even though the actual order of reading these 
summaries was randomized.  
A one-way ANOVA was used to test accuracy differences in 
answering four types of summaries A, B, C, and D. The accuracy 
with which subjects gave answers differed significantly across the 
four types of summaries, F (3, 76) = 13.44, p < 0.0001. The post-
hoc test for linear trend shows that there is a significant trend, that 
answering accuracies increases as you read summary type A, B, 
C, and D respectively, Slope 0.04375, p < 0.0001. 
Discussion: Overall, we observed an increase in the average 
correctness, but we could not accept H4 for all pairs. Adding 



prepositions to the nouns (summary B) did not result in 
significantly better accuracy than using only nouns (summary A). 
While the presence of prepositions gave the subjects a better idea 
about the relationship between nouns, it was not enough to help 
them answer questions more accurately. It is notable, that the 
biggest difference in comprehension was with the addition of 
verbs, adjectives, and adverbs. Even more interesting is that there 
was no significant difference in question answering accuracy 
between gold-standard summary and the original text. This 
implies that summary C carried almost as much information as 
the full text. 
H5: Subjects perceive the questions to be increasingly easier for 
summaries A, B, C, and D respectively.  
Results: Using the Likert scale (1=very easy to 5=very hard) the 
subjects rated the difficulty of the listening-and-comprehension 
task on average as 3.98 (St. Dev. = 0.95) for summary A, 3.35 (St. 
Dev. =1.03) for summary B, 2.40 (St. Dev. =0.88) for summary C, 
1.80 (St. Dev. = 0.89) for the full text, which shows a clear 
decrease in the difficulty level (F igure 4).  
A one-way ANOVA was used to test differences of the difficulties 
perceived in answering four types of summaries A, B, C, and D. 
The difficulty perceived by the subjects while answering 
questions, differed significantly across four types of summaries, F 
(3, 76) = 21.05, p < 0.0001. The post-hoc test for linear trend 
shows that there is a significant trend, that answering difficulty 
decreases as you read summary type A, B, C, and D respectively, 
Slope -0.3738, p < 0.0001. 

 
F igure 4 Average perceived difficulty (St. Dev.) of question 

answering with summaries and full text D 

Discussion: The results show that the subjects thought the 
questions for gold-standard summary were almost as easy as those 
for the original text. It is notable that, although subjects thought 
the questions about the full text were a little easier than those for 
the gold-standard summary C, we did not find the difference to be 
statistically significant.  
3.3.2 Hypotheses and Results: Searching Scenario 
H6: Finding information using gold summaries is faster than in ad 
hoc searching. 
Results: While finding information using our skimming interface 
we recorded two timings. First, the time user took to navigate to 
the answer, which means the time when the screen reader TTS 
(text-to-speech) engine reads out the answer. Second one is the 
time when user gives the answer. In F igure 5 we referred to them 

 respectively. While 
searching for information, subjects took on average 76.35 seconds 
(St. Dev. = 24.89) to reach the answer using skimming and 148.45 

seconds (St. Dev. = 45.16) using ad-hoc searching (Figure 5). 
There was a significant difference in the speed of skimming 
(t=8.011, df=19, p<0.0001).The time it took the subjects to 
actually answer the questions was on average 103.70 seconds (St. 
Dev. 37.30 seconds) and 169.40 seconds (St. Dev. = 49.54 
seconds) for skimming and reading respectively. The one-tailed 
paired t-test (t=6.448, df=19, p<0.0001) found this difference to 
be statistically significant; thus, we accept H6. 

 
F igure 5  Average time to reach and understand the answer 
to a question in skimming vs. normal reading with (St. Dev.) 
Discussion: Subjects were able to navigate to the answer location 
1.9 times faster using skimming compared to using ad-hoc 
searching. However, to actually answer the questions, subjects 
were 1.6 times faster while using skimming compared to ad hoc 
searching. This can be a substantial time saving to screen-reader 
users. 
H7: There is a difference between the time to reach the answer 
and the time to actually answer the question.  
Results: While using skimming, subjects spent on average 76.35 
seconds (St. Dev. = 24.89) to reach the answer and 103.70 
seconds (St. Dev. = 37.30) to actually answer to the questions. 
This difference is significant verified by a one-tailed paired t-test 
(t=-6.092, df=19, p<0.0001). While using ad-hoc searching, 
subjects spent on average 148.45 seconds (St. Dev. = 45.16) to 
reach the answer and 169.40 seconds (St. Dev. = 49.54) to 
actually answer the questions. One-tailed paired t-test showed this 
difference is significant (t=-6.092, df=19, p<0.0005). Thus, we 
accept H7. 
Discussion: The result show that it takes subjects time to realize 
that they have found the answer when they are either skimming or 
using ad-hoc searching. We expect the difference to be dropping 
for longer text. But there is still a substantial gain in the speed. 
We have also computed the differences between the time to 
answer and time to reach the answer, and then compared these 
differences between skimming and ad-hoc searching  it was not 
significant. 
We found that skimming was almost twice as fast (1.9) as ad hoc 
searching for reaching the answer. But because, while skimming, 
it took subjects longer to realize that they have found the answer, 
skimming was only 1.6 times faster compared to ad-hoc 
searching. We believe the reason may have been the lack of 
practice with this new kind of interface. Some of the user 
comments (in the Testimonials Section) also mentions that it 
requires practice. 
H8: Skimming was easier than ad hoc searching.  



Results: We found that, on average, people rated the difficulty of 
the tasks with skimming as 1.25 (St. Dev. = 0.55) and the 
difficulty of tasks with reading as 2.30 (St. Dev. = 0.98). Using 
the one-tailed paired t-test, we found skimming appeared to be 
significantly easier than reading (t=-4.702, df=19, p<0.0001), 
rejecting the null hypothesis. 
Discussion: This was a surprising finding, especially considering 
that the subjects have had very little experience with skimming. 
Recall, that in the reading-and-comprehension scenario, the 
subjects rated questions for the full text as easier, even though that 
difference was not found to be statistically significant. 
H9: The number of keystrokes pressed while skimming seemed to 
be always greater than the number of keystrokes used in normal 
mode. But the one-tailed paired t-test showed there was no 
difference between these two variables (t=1.475, df=19, p=0.922).  
We also found no relationship between: H10) the completion time 
and the number of hours the subjects used computers per week, 
H11) the completion time and  comfort level with 
computers, H12) the amount of time spent at the computer weekly 
and the perceived difficulty of the tasks (for either searching or 
listening and comprehension), and H13) the comfort level with 
computers and the perceived difficulty of the tasks (for searching 
or listening and comprehension). 

3.3.3 Questionnaires  Analysis and Discussion 
The post completion questions and answers about the skimming 
experience are presented in Table 2. The analysis showed that the 
standard deviation for all questions was within one point, 
demonstrating high consistency.  
From the statements made by subjects, we can conclude that 
skimming has a lot of potential to improve reading experience for 
screen-reader users. Although the subjects thought that their 
comprehension was somewhat impeded in the skimming mode, 
almost all subjects agreed that skimming made the reading faster 
and they wanted to use skimming in the future. We did not see 
significant difference in the question-answering performance 
between the gold-standard summary and the regular text. Two of 
the subjects mentioned that the tasks may have been easier if they 
could get more time to practice before the experiment. 

4 A D-H O C SK I M M IN G T E C H NI Q U ES 
In our experiments we observed the subjects using their own ad-
hoc techniques for skimming using regular navigational shortcuts. 
Some of the subjects used paragraph navigation to quickly move 
among paragraphs of the article on the web page. A lot of subjects 
were reading sentences half way. Some subjects did not use any 
shortcuts and just listened to the entire articles.  
In the follow up interview, we asked open-ended questions to gain 
deeper understanding into ad hoc skimming techniques. One of 
the expert users who had 15 years of experience in using JAWS 

ne or two words of a sentence and 
then go to the next one. Obviously first 1-2 words cannot always 

interesting comment that can lead to a simple, yet effective 
skimming approach. Seven of the subjects mentioned that they 
often speed up the speech rate for faster reading (in our 
experiment, the speech rate was controlled and was fixed at 180 
words per minute). Most of the subjects would have tried to use 
JAWS search feature to look for certain information if they knew 
what exactly they were looking for. Two of the subjects, who 

frequently read research papers, used JAWS skimming. However, 
they said JAWS skimming is not comparable to our skimming. 

5 SU M M A RI Z A T I O N F O R SK I M M IN G 
Literature review, examination of visual speed-reading technique, 
and the experiments with the gold-standard summaries helped us 
identify the main characteristics of the automated summarization 
technique that is best suited for supporting non-visual skimming. 
Nouns carry the most information and should be the majority of 
the summary. Prepositions help establish relationship between the 
nouns. And verbs, adjectives, and adverbs add additional meaning 
explaining the qualities of and relationship among objects. 
When people scan the text they take it as it is, extracting parts of 
it. Therefore, extractive summarization appears to be the most 
appropriate method for supporting non-visual skimming. A 
number of extractive summarization approaches have been 
proposed in the research literature.  
Extractive summarization approaches can be mainly divided into 
two types: a) sentence extraction and b) keyword extraction. The 
majority of the existing extractive summarization approaches are 
doing sentence extraction [3, 8, 13, 15]. While sentence extraction 
can help get a general overview of text, this approach cannot 
enable skimming, in which the reader scans through all or most of 
the sentences picking out the most salient words and phrases. 
Sentence extraction leaves out most of the original content, which 
makes it unusable for scanning for information that cannot be 
found without reading the text, e.g., when keyword search is not 
possible due to unknown keywords. Sentence extraction assumes 
coherent text and will not work in web pages, where there is 
unrelated content, e.g., in front pages of news sites.  
After examining the available keyword extraction techniques, we 
narrowed down the list to the following approaches. In [33], the 
summary is constructed by extracting word trigrams that 
frequently occur in the entire document. Marina Litvak [23] 
presents a keyword extraction approach based on the analysis of a 
whole document. In [16], the authors build separate graphs for 
each sentence and weigh each vertex based on the word and 
structural dependencies within a sentence, as well as word 
frequency in the entire document. An interesting relation-driven 
summarization algorithm is proposed in [18]. Any of these 
approaches could potentially be used to support skimming. 
In conclusion, the desired approach should be able to summarize 
one sentence at a time without, extract meaningful words and 
word combinations from every sentence, and preserve the original 
order of the extracted text. The ideal summarization technique 
should use some syntactic and/or semantic analysis of text for 
extracting salient parts of the original content. Human generated 
summaries can serve as a benchmark for evaluating the selected 
automated summarization methods and the statistical analysis of 
them can provide clues to the design of automated summarization. 

6 T EST I M O NI A LS 
To complete the paper, we are offering these verbatim quotes of 
our subjects commenting on the skimming: 

ely very 
 

 
, which will be very 

 



think skimming would be really helpful for long articles, books. 
In the skimming mode, it was like I was going over my class 

 
 

usually  

 
 

ey information, gets rid of unnecessary information. 
Sometimes I increase speech rate to quickly read the article, 

 
 
paragraph navigation. With skimming it made it easier by giving 
important words. But it needs more time to practice .  
Although the majority of feedback was elated, not all subjects 
were happy with the skimming approach:   

 
 

Nevertheless, the subjects who made those comments did well in 
the listening-and-comprehension experiment and were able to 
complete the searching task faster with skimming than in the 
regular reading mode. This suggests that accessible skimming, 
just like visual skimming, may require some practice and getting 
used to. 

7 DISC USSI O N & F U T UR E W O R K 
The problem we proposed in this paper is, the information 
overload that people with visual impairment, face during web 
access. We suggested that the solution lies in skimming. Unlike 
the sighted people visually impaired ones, will use a specialized 
screen reader interface for skimming. Though controlled 
experiments we have proved the importance of this problem and 
sketched the outline of our solution.  
The generic skimming interface we developed for our user studies 
enabled screen-reader users to skim through the textual content 
with full control, allowing them to go back and forth between the 
skimmed summary and the original content. And to enable this 
interface a specialized summarization is required in its core. By 
conducting the experiments we have identified the important 
qualities of the summaries (Section 5) to be used for skimming 
interface. These qualities of the summaries give sufficient insights 
on how to design and develop automated summaries. This 
direction of research will require more experiments on the time 
and space complexities of the automated summarization 
approaches and implementation factors with screen readers. 
There were highly positive feedback from the study participants, 
which validates the usability of the interface. Furthermore, since 
subjects were able to perform several browsing tasks significantly 
faster with skimming, and skimming did not 
understanding of the content, skimming proves to be a very useful 
feature for any screen-reading software. All our hypotheses have 
been analyzed with appropriate statistical tests (i.e., t-test, 
ANOVA). In particular to verify the hypotheses that involved 
three or more groups, we used ANOVA instead to pair wise t-
tests, to reduce the chance of Type I error. We also conducted a 
post-hoc test for linear trend to determine the direction.  

Our user interface had only two options: read the full text and read 
its summarized version. The results suggest that variable-speed 
skimming may be viable. Changing the speed of skimming in the 
process of reading may help better mimic the behavior of sighted 
readers and give screen-reader users more control over the 
interface. 
A comment  I wish skimming could be applied to non article 
page as well, where you can give a general name to a group of 
page elements. And I wish it could strip a web page into important 
parts similar to skimming  reveals another possible direction of 
research that would allow users to skim other types of content, for 
example a list of links. Other summarization approaches would be 
necessary to enable this type of skimming.  
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