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Abstract. The wide availability of digital reading material online is causing a 
major shift in everyday reading activities. Readers are skimming instead of 
reading in depth [Nielson 1997].  Highlights are increasingly used in digital 
interfaces to direct attention toward relevant passages within texts.  In this 
paper, we study the eye-gaze behavior of subjects using both keyword 
highlighting and ScentHighlights [Chi et al. 2005].  In this first eye-tracking 
study of highlighting interfaces, we show that there is direct evidence of the von 
Restorff isolation effect [VonRestorff 1933] in the eye-tracking data, in that 
subjects focused on highlighted areas when highlighting cues are present. The 
results point to future design possibilities in highlighting interfaces. 

Keywords: Automatic text highlighting, dynamic summarization, context-
ualization, personalized information access, eBooks, Information Scent. 

1   Introduction 

Digital workspaces need to support productive reading, since it is an essential activity 
in the understanding of the collective records of human existence.  Vannaver Bush’s 
lasting legacy is to ask us to understand how computers can help readers be more 
productive in interacting with published records [5].  Increasingly, as readers evolve 
into skimmers [12], we need methods for directing users to the most relevant regions 
on the page.  One of the major ways to do this is through highlights and annotations.   

There are some existing works in understanding the creation and use of annotations 
in both paper and electronic forms [11,18,8].  In particular, the use of highlights for 
reviewing and recall of specific information has been suggested in a number of 
different systems [3,9,21,14].  Popular search engines such as Yahoo! and Google 
have now implemented keyword highlighting capabilities in their browser plug-in 
toolbars.  Recently, we introduced a technique called ScentHighlights that not only 
highlights keywords, but also highlights sentences if they contain conceptual 
keywords that are highly relevant to the topics expressed by search keywords [7].  

While highlights are generally thought to increase user performance in skimming, 
the field still lacks a detailed understanding of the way in which highlights affect user 
behavior. We are interested in understanding how highlighting interfaces affect user 
visual foraging behavior during page skimming.  
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In the field of educational psychology and instruction, there are some interesting 
research in understanding the role of underlining and highlighting as an effective 
encoding and reviewing process during learning [13,15,19].  Some researchers point 
to the von Restorff isolation effect [20] as a possible controversial explanation for 
users’ visual foraging behavior.  As applied to highlights, the von Restorff isolation 
effect suggests that readers “(a) tend to focus on and (b) learn what is marked, 
whether the information is important or not” [13, emphasis added].  Notice that there 
are two parts to this definition: (a) an attention effect and (b) a learning effect.  
Existing research appears to confirm the learning effect, while there has been no 
evidence of the attention effect.  That is, readers seem to have increased recall in the 
presence of highlights, confirming the learning effect, but existing literature does not 
show why that learning is happening.  Researchers have inferred that readers pay 
more attention to items that are isolated against a homogeneous background, 
regardless of its semantic appropriateness, but have no physical evidence of this 
claim. 

Our goal is to confirm this inference while understanding the visual foraging 
behavior of readers in the presence of highlights.  To our knowledge, our research is 
the first eye-tracking analysis of highlighting techniques. In detailed coding of eye 
traces, we found regularities in users’ visual foraging behavior.  The contribution of 
this paper is to provide direct eye-tracking evidence of the von Restorff isolation 
effect in highlighting interfaces.  Users indeed are more likely to pay attention to 
highlighted areas and performed accordingly.   

2   Related Work 

Despite the pervasiveness of highlighting as a technique in graphical interfaces, we 
know surprisingly little about the way users visually forage for information in the 
presence of highlights on pages.  Woodruff et al. [21] and Olston and Chi [14] studied 
the effectiveness of their interfaces and found subjects were faster using their 
interfaces than non-highlighted versions.  However, these studies do not explain why 
these highlighting interfaces work, nor do they identify or explain the changes in 
reader strategy or behavior. 

Existing educational psychology literature on highlighting or underlining offers 
two potential explanations.  One explanation advocates the potential benefits of the 
encoding process during the act of underlining.  That is, actually performing the 
underlining will increase recall of the information.  While the existence of this benefit 
is less than clear, some argue that the benefits of student-generated underlining is due 
to the levels of processing theory, in that “information which is processed at deeper 
levels through elaboration is ultimately remembered better” [13]. 

Another explanation focuses on the so-called von Restorff isolation effect [20], 
which states that an item isolated against a homogenous background will be more 
likely to be attended to and remembered.  Indeed, while there is contradictory 
evidence regarding the effectiveness of performing underlining and highlighting 
during study, research by Nist and Hogrebe [13] and Peterson [15] seems to agree that 
the von Restorff isolation effect could be used to explain students’ performance.  
Students appear to learn what is marked, whether the information is important or not.  
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Silvers and Kreiner [19] provided the strongest evidence to date.  They showed that 
even when given advanced warning of the inappropriateness of pre-existing 
highlights, subjects’ performance was affected by the highlights in reading 
comprehension tests.  While the von Restorff isolation effect might partially help 
explain reader performance, existing studies do not contain actual reading behavior 
data to confirm that readers pay more attention to highlighted areas.   

In this paper, we show the first eye-tracking results that provide direct evidence of 
the von Restorff isolation effect for highlighting interfaces.  Readers’ attention is 
directed to highlighted areas, regardless of their appropriateness to the task. These 
findings have deep implications for highlighting interfaces in general. 

3   ScentHighlights 

Recently, Chi et al. [7] introduced ScentHighlights, which automatically highlights 
both keywords and sentences that are conceptually related to a set of search 
keywords. Fig. 1 is a screenshot of the ScentHighlights technique along with some 
eye trace data.  For the purpose of skimming, the technique provides a way to 
automatically highlight potentially relevant passages.   

 

Fig. 1. Eye trace data for a subject performing visual foraging using ScentHighlights.  The 
beginning of each eye trace is marked by red fixation circles, gradually giving way to darker 
reds as time advances; blue marks the end portion of the eye trace. (Subject 2 – Task 11 – 
Question 10). 

We perform the conceptual highlighting by computing what conceptual keywords 
are related to each other via word co-occurrence and spreading activation.  Spreading 
activation is a cognitive model developed in psychology to simulate how memory 
chunks and conceptual items are retrieved in the brain [2].  This model is suitable for 
our purpose of identifying related keywords and sentences.  Details of the method are 
found in a previous publication [7]. 

We illustrate how ScentHighlights can help readers locate relevant passages with a 
realistic scenario here.  The scenario below is based on Biohazard by Ken Alibek [1], 
a non-fiction retelling of his experiences working on biological weapons in the former  
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Fig. 2. (a: top) keyword search box; (b: bottom) highlights obtained for “anthrax symptoms” 

 

 

Fig. 3. (a: top) Zoomed detail of the highlights on left page; (b: bottom) Zoomed detail of the 
highlights on right page 

Soviet Union. Suppose we are looking to find out the symptoms of anthrax. We first 
type the keywords “anthrax symptoms” into the search box (Figure 2a).  Searching 
forward from the beginning of the book produces the result shown in Figure 2b. 

The system identified three profitable regions to examine.  Zooming up to the 
relevant passages that were highlighted on the left page shows that Alibek had worked 
on creating an anthrax weapon (Fig. 3a).  The conceptual keywords that caused the 
sentences to be highlighted are highlighted in grey, distinguished from the exact 
keyword matches shown in pastel-like colors.  The boundaries of the highlighted 
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sections are defined by sentences, as the algorithm attempts to highlight the top 3-5 
most relevant sentences. 

The spreading activation process produced highlights that were relevant to the task 
at hand.  Zooming up to the relevant sections that are highlighted on the right side of 
the page gives us the information we were seeking (Fig. 3b).  

We see that the anthrax symptoms are nasal stuffiness, twinges of pain in joints, 
fatigue, and a dry persistent cough.  Searching forward or turning to each new page 
will continue to produce highlights that are only relevant to the search keywords. 

The ScentHighlights technique enables novel interactive browsing of electronic 
text in which users’ attention is guided toward the most relevant sentences according 
to some user interest.  We now turn our attention to the experiments used to 
understand how highlighting changes visual foraging behavior. 

4   Method  

4.1   Study Design 

We were interested in determining whether having highlighting on a page would 
affect users’ reading strategy and eye movement patterns, as compared to having no 
highlighting present.  

We used a 12 X 3 mixed design. All participants completed 12 questions but we 
counterbalanced the order such that each presentation order was unique. Each 
question was presented within one of three conditions (the within-subjects variable): 
No Highlighting; Keyword Highlighting; and ScentHighlights. All participants 
received four questions in each of the three conditions.  

Our goals were to examine the effect of condition and type of highlighting on eye-
gaze behavior for each task (a between-subjects comparison), as well as to determine 
general eye movement patterns for each of the three conditions (a within-subjects 
comparison). Participants: Six participants (4 males, 2 females) were recruited from 
within our company. All were full-time employees who volunteered their time to 
participate. Study Stimuli: We used twelve questions adapted from a study that 
compared index searches through a physical copy of Biohazard versus an electronic 
text version [6]. The questions were written in school exam style by a former 
researcher who had not read the book. A sample of questions are “Where did Alibek 
marry his wife Lena Yemesheva?” and “What year did open air testing at Rebirth 
Island stop?” 

We created the presentation pages by taking screenshots, one for each condition. 
For the Keyword and ScentHighlights conditions, we determined a set of keywords 
taken from the text of the task questions, which were then used to determine the 
highlighting patterns. 

4.2   Study Procedure 

Participants used a Dell Optiplex GX270 desktop computer equipped with two NEC 
MultiSync LCD 2080UX+ 20-inch monitors located side-by-side. After we obtained 
consent, participants put on a SMI head-mounted eye-tracker. We conducted the 
adjustment and calibration processes, and we used the EyeLink Intelligent Eye 
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Tracking System to handle eye-tracking functions.  The SMI eye-tracker has a 
sampling rate of 250Hz, with an average error of 0.5-1.0 degree of visual angle. 

Participants were then trained on the different types of highlighting that they would 
encounter by looking at a set of sample pages. We showed them sample pages for all 
three conditions. As participants examined the pages, we explained the meaning of 
the different colors used in highlighting: blue and green for topical keywords; grey for 
semantic or conceptual similarity; and yellow sentences were the top-rated sentences 
relevant to the search terms. We then showed them how to use Weblogger [16], a 
program used to control timing. The Weblogger box also contained controls for 
connecting to the eye-tracking system, calibrating, and drift correcting, as well as 
displaying the current task question. Weblogger also recorded all eye-tracking and 
browsing activity. We placed Weblogger on the left-hand monitor such that it would 
not interfere with the page display area. 

Participants were presented with 12 questions. Each question was a factual 
question that could be answered from the information presented within the pages. 
Participants were instructed to read and comprehend the question prior to starting the 
timer on Weblogger. They were instructed to read only the presented pages to find the 
answer. When participants found the answer, they were to stop the Weblogger timer 
and give the answer. The experimenter then gave feedback on the accuracy of the 
answer. We performed a manual drift correction between tasks to adjust for any eye-
tracking errors that may have occurred.  

5   Results and Discussion 

5.1   Accuracy and Response Time 

Participants differed in the accuracy of their answers in the three conditions. 
Participants using ScentHighlights achieved perfect accuracy (M=1.00), followed by 
No Highlighting (M=0.92), and Keyword Highlighting (M=0.79).  

The mean response times for each condition were No Highlighting: M = 44.5 sec.; 
Keyword Highlighting: M = 29.6 sec.; and ScentHighlights: M = 26.7 sec.  We 
conducted statistical tests using the natural log transformations of the raw data, and 
we compared mean response times among conditions and found no significant 
differences due to the large subject variances.   

5.2   Eye Fixation Movement Pattern Coding 

Eye movement patterns during reading are extensively studied in the psychology 
literature [10,17].  These eye-tracking studies show that eye movements advance in 
discrete chunks.  Readers’ eyes stop and fixate on some characters before another 
saccade moves to the next set of characters or another part of the page.  Each fixation 
lasts 190ms on average.  Eye fixation patterns, therefore, are the main measure of 
behavior in past eye-tracking research. 

For each of the 72 trials, we coded the eye movement behavior data according to a 
simple coding scheme.  We analyzed each fixation individually, logging the entire eye 
movement behavior into a large spreadsheet.  We logged the first eye fixations and the  
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Fig. 4. This eye trace depicts a prototypical sequential reading behavior with the No 
Highlighting condition, where the answer was found near the middle of the left page.  
(Participant 3 – Task 9 – Question 3). 

 

Fig. 5. This eye trace depicts a good strategy using the Keyword Highlighting condition.  The 
participant first scanned the middle of both pages, then skimmed over the highlighted regions 
quickly, before finding the answer near the bottom right.  (Participant 6 – Task 5 – Question 5). 

initial eye behavior.  We also logged the number of fixations that were spent inside and 
around a highlighted area and the total number of fixations for the entire task.  

Here we present sample eye-tracking traces for each of the three conditions.  Red 
fixation circles mark the beginning of each eye trace, gradually giving way to darker 
reds as time advances; blue marks the end portion of the eye trace.  For the No 
Highlighting condition, Video Clip 1 and Fig. 4 demonstrate prototypical eye-gaze 
behavior1.  We can see that the participant scanned the text sequentially in reading 
order, starting from the top-left corner of the page.  Eventually, the subject found the 
answer in the middle of the left page.  Luckily, the answer was not at the bottom of 
the right page!   

                                                           
1 The video clips are at: http://www-users.cs.umn.edu/~echi/misc/foraging-highlighting.mov 
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For the Keyword Highlighting condition, Video Clip 2 and Fig. 5 show that the 
subject scanned over the middle of the two pages initially.  We inferred that the user 
was building a mental model of the distribution of the highlighted areas.  In reading 
order, the participant then skimmed over the highlighted regions from top to bottom 
on the left page.  The subject then jumped over to the bottom of the right page (which 
was not in reading order!) and found the answer.  The participant double-checked the 
answer with the task question that was located off-screen (on the left-hand monitor) 
before ending the task.   

For the ScentHighlights condition, Video Clip 3 and Fig. 1 (located at the 
beginning of the paper) show that the participant first read in reverse reading order by 
skimming the bottom highlighted region of the left page, then moved quickly to the 
left middle and then the top left yellow highlighted regions.  The participant finally 
settled on the densely highlighted region around the middle of the right page, where 
the answer was located.  Notice that the participant could have performed even faster 
if s/he had quickly scanned over the entire screen first to decide which of the four 
highlighted regions to pay attention to first. 

5.3   Eye-Tracking Evidence of von Restorff Isolation Effect 

We found direct eye-tracking evidence of the von Restorff isolation effect in our data.  
Users are more likely to pay attention to highlighted areas and performed accordingly.   

5.3.1   Initial User Fixation Focused on Highlighted Areas 

We wanted to find out how often users went to highlighted areas at the beginning of 
the task. With ScentHighlights, users went directly to highlighting 10 out of 24 times 
(41.7%). Our criterion for ”directly” was that the users' initial eye fixation had to 
appear on an item of highlighted text. Users "almost" went directly to highlighting 7 
out of 24 times (29.2%). Our criterion for ”almost directly” was that the users' second 
eye fixation had to appear on an item of highlighted text. Taken together, users who 
read with ScentHighlights went to highlighting 70.8% of the time within the first two 
eye fixations.  

With Keyword Highlighting, users went directly to highlighting 3 out of 24 times 
(12.5%). Our criterion here is that the initial fixation had to either appear on a 
highlighted keyword or in the neighboring areas of highlighted words. We determined 
this “neighboring area” to be located within the same line of text, or closely above or 
below the line containing the highlighted item. Users "almost" went directly to 
highlighting 3 out of 24 times (12.5%).  Our criterion for “almost” is that the users’ 
second eye fixation had to appear on or in the neighboring area of a highlighted 
keyword. Taken together, users who read with Keyword Highlighting went near 
highlighted keywords 25% of the time within the first two eye fixations. 

5.3.2   Users Fixated on Highlighted Areas Heavily 

We found that users fixated on highlighted areas heavily.  For the ScentHighlights 
condition, 1184 fixations out of a total of 2259 fixations are spent within the 
highlighted areas.  In other words, a staggering 52.4% of the fixations are spent on 
highlighted sentences or keywords.   
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Users who read with Keyword Highlighting spent 1107 fixations out of a total of 
2565 fixations near neighboring areas of highlighted keywords (43.2%).  Here the 
definition of “neighboring area” is the same as the description in the previous section.  

Taken together, these two pieces of evidence directly confirmed that users tended 
to focus on highlighted areas.  At the beginning of the task, subjects were attracted by 
highlighted keywords and sentences within the first two fixations (which is roughly 
within the first half second).  Moreover, users focused on the highlights by spending 
roughly half of their fixations on the highlighted areas. 

6   Conclusion 

As reading evolve more toward skimming rather than in-depth reading, readers need 
effective ways to direct their attention.  In this paper, we reported results from an eye-
tracking study that compared user visual foraging behavior under different 
highlighting conditions: No Highlighting, Keyword Highlighting, and a highlighting 
technique called ScentHighlights [7]. ScentHighlights attempt to highlight not only 
the search keywords, but also sentences and words that are highly conceptually 
relevant to the topic [7]. We provided the first eye-tracking validation of the von 
Restorff isolation effect for highlights.  The von Restorff isolation effect says that an 
item isolated against a homogenous background will be more likely to be attended to 
and remembered.  This puts to rest some past confusion in the literature regarding 
various potential explanations for the effectiveness of underlining [13,15]. We found 
that roughly half of the fixations were in highlighted regions, and subjects’ eyes were 
drawn to highlighted regions initially.   

The results reported here have immediate application to popular interfaces such as 
the search result listings returned by web search engines.  Web searchers need to 
digest large amounts of material quickly.  Search result pages could be highlighted 
using ScentHighlights.  Tools such as Browster [4], which enables readers to mouse-
over hyperlinks to obtain a quick read of the distal page, could be enhanced with 
highlights. 

Although highlighting had become rather common, there had been limited 
understanding of the visual foraging behavior of users reading highlighted text.  Some 
knowledge of the process of reading is needed by, at least, the practitioners who 
design reading interfaces.  Our hope is that we have closed some of the gaps between 
the theory and the practice of the use of highlights in graphical interfaces. 
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