Animated Dynamic Highlighting for Reading

Olga Gurevich
Linguistics Department
University of California - Berkeley
1203 Dwinelle Hall
Berkeley, CA 94720-2650

olya@socrates.berkeley.edu

ABSTRACT

The recent years have seen an exponential increase in the
amount of information available through the Internet on
any given topic. Information retrieval techniques have been
steadily improving and can provide a mass of relevant re-
sults, but those results still have to be processed and di-
gested by a human reader. Computer displays of traditional
documents often simply model the way a paper rendition
of the document would work. But more effective display
techniques may be possible by exploiting the dynamic dis-
play properties of the computer screen. In this paper, we
describe a system called Animated Dynamic Highlighting
(ADH), which has been added to the ReadUp reader, part
of the UpLib personal digital library system. It is an inter-
active, user-controlled technique that enhances the presen-
tational aspects of the reading task. We ran a pilot study to
get an initial impression of user acceptance of active display
techniques, comparing ADH to two other display techniques.
The results of the study are discussed here.
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1. INTRODUCTION

Since the invention of writing, literacy has been an impor-
tant factor in individual success. The ability to read has
given us access to findings, theories, and thought of many
others, some of them giants in their fields. The value of
this access is immense, and it may be one reason the prac-
tice of reading has changed so slowly over the centuries.
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The Phoenician alphabet appeared about 4000 years ago;
it took another 1000 years for vowels to be invented; punc-
tuation came 800 years after that, and the idea of putting
spaces between words took another 1000 years after that;
the printing press, one of the major innovations in human
history, appeared in 1436, some 600 years later.

Computers have accelerated this a bit. Englebart’s group
at SRI invented word processing in 1965. Xerox PARC’s
Alto (1972) can be called the first document computer, and
Ethernet (1975) the first document network. PRESS and In-
terPRESS (1980) were the precursors of Postscript and PDF
(1991). And the World Wide Web (1992) has changed the
reading habits of the whole world. Computers have changed
he practices of writing and publishing, greatly increasing
the amount of material available to any individual, but the
practice of reading itself, and technology to help the reader
absorb this new mass of material, has remained largely un-
changed.

The current model of the reading interface is heavily based
on the static experience of words imaged on paper. This
model has been carried over directly to the presentation of
text on a computer screen. Some attention has been given
to using computation to modify the presentation structure
of documents [4],[13], but with certain exceptions [6] these
presentations are inherently static.

The major exception to this is the presentation technique
commonly known as “rapid serial visual presentation” (RSVP).
The overview of studies in RSVP given in [12] suggest that
a dynamically altered presentation of text may be able to
enhance comprehension without negatively affecting read-
ing speeds. However, RSVP is often found to suffer from
some serious disadvantages, notably eyestrain, usually at-
tributed to the fact that the user’s eyes do not move from a
fixed position, and user anxiety, due to the inability to look
back at previously-read text. Other studies such as [5] have
demonstrated ways to alleviate some of these issues.

The work described in this paper is part of a larger effort
at PARC called ”Productive Reading”. We are looking at
ways in which computation can be applied to the reading
process, in two major ways: to enhance document content,
and to enhance the user experience of reading. One of the
experimental reading techniques we are looking at is called
“animated dynamic highlighting”, or ADH.



The goal of ADH is to preserve the apparent advantages of
RSVP, such as enhanced comprehension, while mitigating
the apparent disadvantages. It paces the user through an
electronic document, sequentially highlighting parts of the
text, each a few words long, without modifying the spatial
layout of the original page, so that the reader’s eyes move in
a normal reading fashion. Those parts of the text not high-
lighted are dimmed, so that they are less likely to distract
from the highlighted text. The entire page is shown so that
the location of the phrase can be seen by the reader.

2. HOW ADH WORKS

ADH is a mechanism that presents a low-contrast display of
the page being read, and systematically highlights phrases in
the text. Each phrase is emphasized for a period that varies
depending on the complexity of the phrase, then dimmed,
and the next phrase is highlighted. The base speed with
which the highlighting moves can be adjusted by the reader;
it may be somewhat faster than the reader’s normal unas-
sisted reading spead. The reader may also restart ADH from
any point in the document. When the end of each page is
reached, the system automatically turns to the next page in
the document being read.

2.1 Phrase Identification

Several psycholinguistic and processing studies indicate that
reading comprehension and speed improve when the pre-
sented text is split into smaller units. Castelhano and Mut-
ter [5] show that putting extra pauses at punctuation breaks
improves user satisfaction with RSVP displays. Cocklin
et al. [7] further show that RSVP comprehension improves
when sentences are broken up into coherent “idea units” by
human experts. According to Pynte and Noizet [11], sen-
tence comprehension is accelerated if text is presented in
sections; for sentences with shorter words, this means sep-
arating noun phrases from verb phrases, and for sentences
with longer words, subdivisions are even smaller. Abney [1]
introduces the idea of “chunks” and cites some psycholin-
guistic support for their existence: chunks correspond to
prosodic units, and are manifested in naive sentence dia-
gramming and pause durations in reading. Chunks have
fixed syntactic parses that are mostly independent of the
specific words used, whereas co-occurrence restrictions be-
tween chunks may be lexically dependent. These results
indicate that both structure and length are important in
identifying chunks.

Based on the above evidence, a document presented with
ADH is first divided into suitable phrases. We have devel-
oped a sequence of text analysis processes that accomplishes
this task.

The text of a document is first annotated with part-of-speech
tags using the Inxight tagger [8]. In contrast to most tag-
gers, the Inxight tool has a large inventory of labels to distin-
guish between different types of determiners, adverbs, and
pronouns. While the information is less detailed than a syn-
tactic parser could produce, the markup makes it possible
to divide the text into semantically coherent pieces. We
have defined a large set of phrasal patterns and compiled
them into finite-state transducers [3]. The transducers are
applied in a cascade taking the output of one pattern match-
ing step as input to the next one. This process splits the

input text into phrases proceeding from larger constituents
(sentences and clauses) to smaller constituents (NPs, VPs,
PPs) and their components. Each phrase should contain
between 2 and 4 content words (such as nouns, verbs, adjec-
tives, and adverbs); the boundaries of syntactic constituents
are in most cases preserved. An example of a partitioned
sentence is in figure 1.

The Marine Corps band / played the national an-
them / as Dailey unveiled a space-suited Glenn
/ in his new place of honor, / suspended 40 feet
above the floor / of the museum’s breathtaking
Gallery 100.

Figure 1: An example of phrase-breaking.

2.2 Page Display

The ADH presentation system is part of a larger software
system at PARC for archiving and reading documents, called
UpLib [9]. UpLib provides a secure long-term storage and
retrieval system for a wide variety of personal documents
such as papers, photos, bills, books, and email. It includes
a document reader, called ReadUp, which normally presents
a conventional page-oriented document display, along with
support for search, highlighting, annotations, bookmarks,
overviews, and other important elements of the reading pro-
cess. ReadUp was modified to present documents in both
RSVP and ADH mode, as well as the normal page-display
mode.

the former U.S. senator

Figure 2: A document page shown with ADH high-
lighting.

2.3 Phrase Display Timing



Each phrase is allocated an initial display time based on the
user-selected speed. This base span is then modified in a
number of ways: shorter phrases get somewhat less time,
longer ones more time. The timespan is further modified to
reflect the findings in Just and Carpenter’s theory of read-
ing [10]: phrases ending a line, at the end of a page, at the
beginning of a new line, or ending a sentence all receive vary-
ing amounts of extra time, reflecting the extra time human
subjects tend to take with these kinds of phrases. Finally,
the occurrence of linguistic constructs in the phrase, such
as pronouns and compound nouns, is used to modify the
timespan in additional ways.

3. USER STUDY

The goal of the user study was to assess the effectiveness of
the ADH technique, to compare its performance to that of
RSVP, and to get users’ reactions and suggestions for pos-
sible improvements. The same phrase-breaking and timing
were used for ADH and RSVP; the only difference was that
ADH highlighted phrases sequentially in their original po-
sition on the screen while RSVP displayed one phrase at a
time.

3.1 Method
3.1.1 Participants

There were 18 participants, mostly scientific researchers and
interns; 13 were male, 5 were female. Age ranged from 21
to 63, with a mean of 36 years.

3.1.2 Materials and Technology

The participants read texts containing simple factual in-
formation about encyclopedia concepts that they were not
likely to know well. Six texts of 2-3 pages long were used in
the study. Each document was accompanied by five ques-
tions testing the accuracy of the recall.

The documents were presented in three alternative modes
of presentation: plain (not modified in any way), ADH, and
RSVP. All documents were presented in ReadUp document
reader with modifications appropriate for each mode.

In both ADH and RSVP modes, a thin toolbar appeared
at the top of the screen, where a red dot indicated the cur-
rent position within the document. By clicking anywhere
on the toolbar, participants were able to move quickly for-
wards or backwards within the document. Speed of display
was controlled by a mouse scroll wheel: scrolling up resulted
in faster display, scrolling down resulted in slower display.
A toolbar on the side of the screen indicated current speed
settings relative to a default. In addition, in ADH mode par-
ticipants could click anywhere on a page, causing the ADH
process to restart from that point. Pressing the space bar
in either mode caused ADH or RSVP to pause; pressing the
space bar again resumed it.

In ADH, phrases were sequentially highlighted on the screen
while the rest of the page remained visible but greyed out.
In RSVP, the phrases were displayed centered on the screen
for the same amount of time as they would be displayed in
ADH, and the rest of the page was not visible.

3.1.3 Design and Procedure

At the beginning of the experiment, each participant was
given a baseline reading test, consisting of a short docu-
ment and several questions testing the recall of factual in-
formation. Participants also filled out short questionnaires
with information about their educational level and reading
habits.

There were three conditions: Plain (unmodified), ADH, and
RSVP. The design was factorial, cross-matching the docu-
ments, the three modes of presentation, and the order of
presentation.

After reading each document, participants were asked to an-
swer comprehension questions via a web form. After trying
out a new presentation mode, participants also answered
questions about their reactions to the technology. Partici-
pants were invited to come back for a shorter second stage
of the experiment. Most agreed to come back one or two
days later.

The second stage had the same three conditions as the first
stage, but the ADH and RSVP modes used manual phrase-
breaking instead of automatic.

3.2 Results

3.21 Timing and Accuracy
Although there were too few subjects for statistically signifi-
cant results, some interesting trends emerged. Overall, ADH
was found to be faster than either plain or RSVP mode; it
was also somewhat less accurate.

With automatic phrase breaking, ADH timing was about
the same as plain timing, but faster than RSVP. With man-
ual phrase breaking, ADH was faster than both plain and
RSVP modes. With automatic phrase breaking, ADH was
less accurate than RSVP, and RSVP was less accurate than
the plain mode. With manual phrase breaking, ADH and
plain modes were closer together, and RSVP was more ac-
curate than the plain mode. In general, there was a tradeoff
between speed and accuracy in ADH: the faster a document
was read, the less accurate was the recall. However, both the
speed and accuracy results were better with manual phrase-
breaking than with automatic phrase-breaking.

There was no significant effect of age, initial reading speed,
or initial accuracy on ADH and RSVP timing and accuracy.

3.2.2 User Satisfaction Ratings

Users found both ADH and RSVP to be somewhat annoy-
ing, but rated RSVP worse than ADH. There was no sig-
nificant difference between automatic and manual phrase
breaking in user ratings.

With increasing age, there was a slight increase in ratings
for RSVP and a slight decrease in ratings for ADH. Younger
participants tended to like ADH more than RSVP, and older
participants tended to prefer RSVP over ADH.

3.2.3 User Comments
Despite complaints about phrase timing, most users said
they would use ADH again for skimming through short ar-



ticles, especially with improved phrase-breaking and timing
algorithms. On the other hand, most users rejected future
uses of RSVP.

3.3 Discussion

It takes time to get used to new technology, so the lower
user ratings and reading speeds may be the result of novelty
shock. The results are nevertheless encouraging: younger
subjects in particular were very enthusiastic about ADH.
The tradeoff between speed and accuracy is to be expected;
the goal of reading-aid technology should be to decrease the
slope of the tradeoff. Our user study produced many sug-
gestions for future improvements of ADH technology as well
as possible applications.

4. CONCLUSION

ADH is one of the many possibilities inherent in the idea
of actively presented text. Interfaces that attempt to work
with the user in understanding the underlying text would
seem to have wide applicability for reading text of all kinds,
from technical papers to email to biography, particularly in
overview reading, such as Adler’s ”systematic skimming”
and ”superficial reading” [2]. They may offer special advan-
tages to those with reading disabilities, or for specific tasks,
such as proofreading. Our initial investigations into this
technique seem promising, and a number of improvements
in both phrase analysis and presentation timing are already
being investigated.
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