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ABSTRACT 
Tagging systems such as del.icio.us and Diigo have become 
important ways for users to organize information gathered from 
the Web. However, despite their popularity among early adopters, 
tagging still incurs a relatively high interaction cost for the general 
users. We introduce a new tagging system called SparTag.us, 
which uses an intuitive Click2Tag technique to provide in situ, 
low cost tagging of web content. SparTag.us also lets users 
highlight text snippets and automatically collects tagged or 
highlighted paragraphs into a system-created notebook, which can 
be later browsed and searched. We report several user studies 
aimed at evaluating Click2Tag and SparTag.us. 

Categories and Subject Descriptors 
H5.2 [Information Interfaces and Presentation]: User Interfaces 
– Graphical User Interfaces. H5.3 [Group and Organization 
Interfaces]: Collaborative Computing.  

General Terms 
Design, Human Factors.  

Keywords 
Tagging, highlighting, social bookmarking, Web 2.0, annotation.  

1. INTRODUCTION 
Vannevar Bush’s vision of the Memex [1] has inspired the 
evolution of information systems that augment and enhance 
human abilities to find, store, organize, understand, retrieve, and 
share knowledge. The areas of information retrieval, personal 
information management, and the Web (to name just a few) have, 
for the most part, historically been focused on supporting 
individual information foraging and sensemaking. Recently there 
has been an efflorescence of systems aimed at supporting social 
information foraging and sensemaking. These include social 
tagging/bookmarking systems for photos (e.g., flickr.com), videos 

(e.g., youtube.com), or web pages (e.g., del.icio.us). Tagging 
systems provide a means for users to generate labeled links (tags) 
to content that, at a later time, can be browsed and searched. A 
unique aspect of tagging systems is the freedom that users have in 
choosing the vocabulary used to tag objects: any free-form 
keyword is allowed as a tag. Tags can be organized to provide 
meaningful navigation structures, and, consequently, can be 
viewed as an external representation of what the users learned 
from a page and of how they chose to organize that knowledge. 

Empirical research [12] shows that people use tagging systems 
primarily for private, individual information storing and 
management. Other researchers [2,11,20] suggest that the success 
of social and collaborative systems is dependent on the 
architecture of interaction, as well as on the costs and benefits of 
interaction to the individual user. Grudin [11] discusses how 
costly interactions for the individual affect groupware adoption. 
Further, social tagging systems are instances of networked 
information economies [2], involving the production, distribution, 
and consumption of information by decentralized users operating 
over a network. Generally, as the costs of interaction are driven 
down, more users participate in the production and use of 
knowledge (e.g., tags). As more users participate, the value of the 
social tagging system to the participants is improved. Based on 
this reasoning, our research focuses on reducing the interaction 
costs of tagging.  

In this paper, we describe a web content tagging system called 
SparTag.us (For reviewing purposes, a video demonstrating the 
major features of SparTag.us can be downloaded from 
http://www2.parc.com/isl/members/hong/SparTagUs.mov). Our 
main objective is to provide low cost tagging and highlighting 
capabilities to users while they are reading web content. This 
paper has three main contributions: 

(1) Presenting a web content tagging system called SparTag.us 
that supports in situ tagging and highlighting during reading; 

(2) Introducing an intuitive Click2Tag technique to lower the 
overall costs of tagging; and 

(3) Showing (through user studies) that Click2Tag provides lower 
tagging costs than typing. 

In Section 2, we present the need for low cost tagging and 
introduce the Click2Tag technique that allows users to tag a web 
page by clicking on words of that page. To validate the intuition 
behind Click2Tag, in Section 3 we analyze the provenance of tags 
in del.icio.us. After presenting the design and implementation of 
SparTag.us in Section 4, we report several user studies in Section 
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5. These studies investigated the impact of Click2Tag and 
collected user feedback on the usability of SparTag.us, as well as 
on its potential uses at the individual level. The studies were part 
of an iterative design process intended to improve the SparTag.us 
interface. Finally, we finish with some concluding remarks and 
future work. 

2. MOTIVATION 
The social bookmarking space has become quite crowded in 
recent years. Popular bookmarking systems include del.icio.us, 
MyWeb (myweb.yahoo.com), Diigo (diigo.com), Clipmarks 
(clipmarks.com), Magnolia (ma.gnolia.com), Bluedot 
(bluedot.us), and Google Notebook (google.com/notebook). Most 
of these systems allow tagging at either the page level (i.e., URL) 
or the sub-page level (e.g., individual paragraphs). A few of them, 
including Diigo, Clipmarks, and Google Notebook, also support 
other forms of annotation (e.g., highlighting). 

To understand the costs of tagging, for each of these systems, we 
performed a GOMS-like analysis [6] of the interface and 
identified the overall number of steps involved in tagging. We 
count these steps to get a gross measure of the tagging costs, as 
shown in Table 1. Due to space constraints, we cannot discuss 
most of this analysis in detail. So, in the following, we exemplify 
this cost analysis for Diigo, since it offers features closest to what 
we had in mind.  

Table 1. Tagging costs of social bookmarking systems. 

System Cost 

del.icio.us    6 

MyWeb    7 

Diigo    8 
Clipmarks  10 
Magnolia    6 
Bluedot    6 
Google Notebook  11 

 

To annotate a paragraph with Diigo, a user has to go through a 
sequence of steps as shown in Figure 1a. We identify two types of 
cost involved in this process: (1) interaction cost (mouse clicks, 
button presses, typing) in steps 1, 2, 3, 6, and 7; and (2) attention-
switching cost (moving attention from one window to another) in 
steps 4 and 8, and possibly 5 (if the user has to go back to the 
original page to decide what tags to use). These costs reflect the 
interruption of the reading process and the switch to a different 
interface.  

In SparTag.us, we aim to reduce these two types of cost by 
integrating tagging into the flow of reading. Specifically, with the 
Click2Tag technique we make two types of sub-page objects live 
and clickable: paragraphs of the web page and words of the 
paragraphs. According to our analysis of del.icio.us data (see 
Section 3), a considerable portion of tags comes directly from the 
web pages. When people tag a web page in del.icio.us, there is 
about 50% chance that the tag word appeared in the content of the 
page. Making each word of the paragraphs clickable allows users 
to simply click on a word to add it to the tag list without typing, 
thus lowering the interaction costs of tag typing. This input 
method can be especially useful in cases where keyboard input is 
not the primary input means (e.g., iPhones, tablet readers). 

We also mitigate the attention-switching cost by enabling in situ 
tagging. With the Click2Tag interface, users can directly click on 
any paragraph to start tagging while they are reading it. When tags 
are entered, they are inserted at the end of the paragraph and 
displayed within the same rendered web page. This design was 
inspired by annotation studies [13,18] and by in-document 
collaboration systems [8], in which the content, and not some 
external form, is used as the setting for information sharing. Thus, 
Click2Tag combines synergistically with in situ tagging, ensuring 
that the focus of attention remains on the content at hand.  

Figure 1b shows a cost analysis of tagging that we strive to 
achieve in SparTag.us. Because users tag as they read, they do not 
need to shift attention to a dedicated tagging window, thus 
eliminating the attention-switching costs discussed earlier. We 
also eliminate the switching of attention back to the web page 
being read after the tags are applied. The attention-switching cost 
is reduced for those relying on consulting the document to decide 
which tags to apply (users get ideas for tags faster because the text 
is just in front of their eyes). The interaction cost is also 
diminished: users can select tags from text instead of typing them. 
Moreover, compared to Diigo, we eliminated the initial button 
press since there is no need to invoke the tagging interface 
explicitly.  

Studies have shown the need for richer forms of annotations due 
to the wide variety of annotation practices employed by readers 
[13,18]. Particularly for personal use and re-reading, Marshall and 
Brush [1] recognized the need for various forms of highlighting 
such as sentence highlighting, underlining, circles and margin 
bars. Many popular social tagging systems such as del.icio.us do 
not currently support other forms of annotations beyond tagging. 
In addition to tagging, SparTag.us also supports text highlighting. 
Indeed, our studies show that the combination of tagging and 
highlighting was perceived by users to be more valuable than 
either tagging or highlighting alone (see Section 5).  

5. Decide on tags

1. Press diigolet button to enter 
bookmarking mode

6. Type tags into text field

7. Press Submit

8. Switch attention back 
to the original page

2. Select text

3. Press 
Highlight and Sticky Note

4. Switch attention
to  note window

1. Decide on tags

2. Click 
words of 

paragraph

2.Type tags
into text field

3. Press return or 
click save
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Figure 1. Cost analysis of tagging in (a) Diigo and (b) 
SparTag.us. 



3. USING CONTENT WORDS AS TAGS 
To further motivate the design of Click2Tag, we now present an 
analysis of how often tag keywords appear in the page content. 
Tagging is a process that associates keywords with specific 
content. This raises a question regarding the appropriateness of a 
content-driven approach such as Click2Tag: How many of the 
tags that people use actually come from tagged content? To help 
assess how Click2Tag relates to current practices employed in 
social bookmarking systems, we crawled del.icio.us and computed 
how often a keyword used by a user to tag an URL appears in the 
page content. We did this by the algorithm described as follows. 

First, we sampled tag activity data from the 29,978 most 
frequently bookmarked URLs up through June 2006. For each 
URL, the body content was retrieved at the time of analysis 
(December 2007) if available and pruned to its textual content 
(i.e., the HTML tags were removed). Of the 29,979 URLs, we 
excluded 1,254 that had become invalid at the time of analysis. 
This left us with 28,724 valid URLs.  

Next, for each URL, we converted its tag activity data into a set of 
tuples of the form (user, URL, tag). Each tuple corresponds to a 
single tagging event representing that a user bookmarked a 
specific URL using a particular tag. The contribution of a tuple is 
set to be 1 if the tag matches any word in the text body of the 
URL; otherwise, it is set to be 0. We computed the probability 
that a user tagged a page with a content word by first summing up 
the contributions of all the tuples for that specific URL and then 
dividing the sum by the number of tuples. 

That is, for each URL, we collected all of the tuples involving that 
URL to give us a count of the total number of tuples for the URL. 
From this tuple collection, we then counted up the number of 
tuples with content words as tags in the tuples. Dividing the 
second count with the first count will give us the probability that a 
user tagged a page with a content word for that particular URL: 

URLfortuples

URLforstagcontentwithtuples
URLP

−−
−−−−−=

#

#
)(  

By computing this probability for all of the 28,724 valid URLs, 
we get the distribution as shown in Figure 2. Table 2 summarizes 
the data collection. On average, the chance that a tag comes from 

the content is 49%. This process produced a conservative estimate 
of tag occurrence in content, since we did not account for 
situations such as content changes for a given URL (e.g. dynamic 
content), typos (e.g., “Ajaz” instead of “Ajax”), abbreviations 
(e.g. “ad” instead of “advertisement”), compound tags (e.g. 
“SearchEngine”), and tags written in languages other than that of 
the content.  

To some extent, we were surprised by the relatively high 
probability of tag occurrence in del.icio.us tagged content. 
Clearly, people bookmark and tag pages for a wide variety of 
reasons [9]. While our analysis is not exact, we believe it is 
reasonable to assume that when a word is going to be used as a 
tag for a URL, there is a good chance it derives from the content 
itself.  

4. DESIGN OF SPARTAG.US 
Having motivated the design of SparTag.us, we now describe its 
various functionalities and implementation in detail. In what 
follows, we use the word “annotation” to refer to tagging and 
highlighting. 

4.1 Lowering the Costs of Annotation 
As mentioned earlier, in SparTag.us, we bring the tagging 
capability into the same window displaying the web page being 
read. When a user loads a web page in his browser, we augment 
the HTML page with AJAX code to make the paragraphs of the 
web pages as well as the words of the paragraphs live and 
clickable. Specifically, we identify the paragraphs by their HTML 
tags (e.g., elements enclosed within <p> or <h2>, etc). In 
addition, we alter the Document Object Model (DOM) tree of the 
page by enclosing each word of those paragraphs with the HTML 
tag <span>. Futhermore, we attach mouse event listeners to the 
document object. 

Our AJAX augmentation essentially converts each paragraph into 
a taggable object. As users read a paragraph, they can simply click 
anywhere on the paragraph to tag it. Then a tagging widget is 
dynamically inserted at the end of the paragraph, as shown in the 
top part of Figure 3a. At this point, the user can input any tags 
into the text field of the widget. Clicking the save button or 
pressing the return key completes the tagging operation, with the 
tags displayed at the end of the paragraph (see Figure 3b). This 
Click2Tag interface provides a low cost way to invoke the tagging 
functionality while reading.  

To add tags to the text field of the tagging widget, the user may 
simply click on words of the paragraph. Alternatively, the user 
can click on one of his most recently used tags (displayed in blue 
after the save button in Figure 3a) to add it to the tag list. Of 
course, one can still type in the text field to add or modify tags. In 
our augmentation, extra care is taken to handle special cases such 

 

Figure 2. In del.icio.us, probability of a user tagged an URL 
with a word occurring in the page content of the URL.  

Table 2. Summary statistics of del.icio.us data analysis. 

# of URLs sampled 29,978 

# of invalid URLs   1,254 

# of valid URLs (searched for tags) 28,724 
Probability that a user tagged an URL 
with a word occurring in page content: 
     Mean    0.49 

     Standard deviation    0.26 
 



as punctuations and hyperlinks. By default, when a hyperlink is 
clicked, we let the browser follow the hyperlink to a new page. 
We use a word of the hyperlink as a tag only when the word is 
clicked with the control key held down. 

We can support highlighting fairly easily as well, since each word 
of the paragraphs is augmented with interaction handlers. To 
highlight a piece of text in yellow as shown in Figure 4, the user 
first points the mouse at the beginning of the snippet. While 
pressing and holding the left button, he moves the mouse to the 
end of the desired text region and releases the button. This 
sequence of mouse movements is exactly the same as what it takes 
to select a piece of text in the browser, an operation that the user 
is already familiar with. Indeed, in our implementation we 
overload the text selection functionality of the browser to support 
text highlighting. This choice was reached after several iterations 
of design, as discussed in Section 5.2. It also to some extent 
reflects the challenge of our AJAX augmentation.  

 

Figure 4. Selecting a text snippet highlights it in yellow.  

At the end of the highlighting operation, we capture the 
highlighting region automatically and send the corresponding data 
to our web server asynchronously. In other words, the user does 
not have to press any save button to record the highlight. To allow 
the user to erase previous highlights and perform the default text 
selection operation, we create separate modes for highlighting, 
highlight erasing, and text selection, respectively. 

Although in SparTag.us we mainly focus on paragraph 
annotation, it is conceivable that the Click2Tag technique may be 
applied to create tags at the page level as well. For example, a set 

of words selected by a sequence of clicks can be used as a basis to 
compute tags for the entire page. Compared to page tagging, 
paragraph annotation offers a better solution to handle web pages 
that are fairly lengthy and yet only contain a few paragraphs of 
interest to the user. In addition, paragraph annotation serves as a 
visual indicator to remind the user what he feels is important on 
the page, which could be quite useful when the user revisits the 
page later on. 

4.2 Notebook of Annotated Content 
An important consideration in designing information foraging 
systems is to make it easy to store and retrieve the nuggets of 
information that have been collected by users [23,25]. Inspired by 
XLibris [22], we create a SparTag.us notebook for each user to 
automatically capture the results of his annotation activities. After 
the user annotates a paragraph on a web page, the paragraph is 
automatically extracted from the page and inserted into his 
notebook.  

Figure 5 shows the top portion of the notebook for user 
lichan_hong. On the left side of the notebook, the annotated 
paragraphs are listed in reverse chronological order. For each 
paragraph, we show the time when the paragraph was last 
annotated. The tags and highlights created by the user appear in 
conjunction with the text of the paragraph. If needed, the user can 
directly modify his annotation on the paragraph here in the 
notebook. At the end of the paragraph, we also include the URLs 
that the user visited and contain the same paragraphs. On the right 
side of the notebook, we show a tag cloud of the user’s tagging 
keywords.  

 

Figure 5. The top portion of the reading notebook that 
SparTag.us created for user lichan_hong. 

The search box at the upper-left corner of the notebook provides 
several search options. The user can search against the paragraph 
tags, the highlighted snippets, the entire paragraph texts, or the 
URLs. This makes it easy to retrieve a subset of paragraphs that 
are related to a certain concept or from a specific web site.   

4.3 Architecture 
In our implementation, SparTag.us consists of two parts: a client-
side browser extension and a server. The client side is currently 
implemented as a Firefox extension, which includes a browser 
toolbar. The toolbar, as shown in Figure 6, consists of several 
shortcuts to key features of SparTag.us, e.g., turning on/off 
SparTag.us, changing modes, and accessing the notebook. We are 
currently exploring client extensions for other browsers as well, 
including IE and Safari. 

 

Figure 6. Browser toolbar of SparTag.us. 

 

(a) 

 

(b) 

Figure 3. (a) A click on the first paragraph inserts a 
tagging widget to the end of the paragraph. (b) Tags are 
displayed as part of the first paragraph when tagging is 

finished. 



The client side extension also contains a GreaseMonkey [10] 
script. GreaseMonkey is a client side tool that inserts our AJAX 
code into web pages while allowing the user’s browser to 
communicate with multiple web servers. Figure 7 shows an 
architecture diagram of SparTag.us. As shown here, after a web 
page is loaded onto Firefox, the GreaseMonkey script extracts the 
paragraph texts and forwards them to the SparTag.us server. In 
return, it retrieves annotation data created by the user for the 
paragraphs. Subsequently, GreaseMonkey alters the DOM of the 
page to display the annotations and control its event handling. 
When the user tags or highlights a paragraph, the script submits 
the annotation data to the SparTag.us server, which is then stored 
in a database.  

The SparTag.us server is an Apache Tomcat server that runs Java 
servlets and connects to a MySQL database. The database stores 
the user’s paragraph tags and highlights. For example, a paragraph 
tag entry includes things such as what the tags are, which 
paragraph the tags are attached to, who created the tags and when. 
The server also offers other services such as user authentication. 
In the spirit of mashups, we also support page tagging, using 
Yahoo’s MyWeb to store and retrieve page tags. This mashup was 
created to offer both paragraph and page tagging functionalities to 
the user as well as to take advantage of MyWeb’s vast user 
community and its services. 

5. EMPIRICAL STUDIES 
In conducting our evaluation of SparTag.us and Click2Tag, we 
were interested in two issues. First, we wanted to understand 
whether Click2Tag was indeed a low cost technique, when 
compared to the traditional way of tagging by typing. Second, we 

needed to look at the system usability and at how the system is 
used by real users in everyday practice. 

5.1  Evaluation of Click2Tag 
We conducted a behavioral experiment to study how Click2Tag 
compared to type-to-tag or no-tagging. In this experiment, we 
were interested in the relative costs of Click2Tag and type-to-tag. 
Our study was part of a more complex experiment that examined 
comprehension and memory effects. As we shall mention later, a 
preliminary eye-tracking study showed that processing is quite 
different in the two conditions, and it led us to also hypothesize 
that the two tagging techniques would have different effects on 
comprehension and memory. Due to space constraints, we only 
present the findings related to encoding costs and just briefly 
mention the other memory-related results. 

Participants. We recruited 20 employees of our company to 
participate in this study. Each participant was compensated with a 
$20 Amazon gift certificate. 

Materials. We selected 18 passages from news articles as well as 
from various web pages on the Internet. The passages reflected a 
variety of topics (medicine, education, general science, aviation, 
history, etc). On average, the passages were 267 words long 
(ranging from 253 to 279). 

Procedure. Participants had to perform 18 trials (each 
corresponding to one of the 18 passages). In each trial, 
participants read a passage, selected randomly from the list of 18 
passages. Participants were instructed to read at their own paces, 
but if they spent more than 2 minutes on a trial, they were moved 
to the next trial. They were also told to try to retain as much 
content as they could from the text (and they had to remember that 
content in a different part of the experiment that we do not discuss 
here). The trial could belong to one of three conditions as follows: 
(1) No-tags: In this condition, no tagging was performed. 
(2) Click2Tag: Participants had to tag the passage with relevant 

words by clicking on words from the passage. The tags were 
displayed in a box under the passage and could not be 
modified by the participants.    

(3) Type-to-tag: Participants had to tag the passage with any 
relevant tags that they could generate, and type those tags in a 
box under the passage. 

Results. We performed ANOVAs with subjects as the random 
factor using Condition (no-tags, Click2Tag, type-to-tag) as an 
independent variable. Table 3 shows the average reading time and 
number of inputted tags per condition. There was a significant 
effect of condition (F(2,38)=45.08, p<0.001). Contrasts showed 
that participants spent less time in the no-tags condition than in 
the Click2Tag condition (p<0.001) and in the type-to-tag 
condition (p<0.001). These results pointed to a time cost 
associated with the tagging conditions. People tended to attach 
more tags (p<0.001) in the Click2Tag condition (6.33 on average) 
than in the type-to-tag condition (4.08 on average), suggesting 
that they made use of the ease to tag in the Click2Tag condition to 

User performs annotation action

Augmented page is displayed

User visits a web page

On the client, SparTag.us plugin
queries SparTag.us server 

for annotation data

SparTag.us plugin alters DOM 
of the web page to show annotations 

and add event handlers 
for the SparTag.us interactions

SparTag.us Server
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Figure 7. Architecture diagram of SparTag.us. 

Table 3. Reading times and number of tags. 
 Reading Time (seconds) Number of Tags 
No-tags 80.19 0 
Click2Tag 95.01 6.33 
Type-to-tag 98.61 4.08 
 



attach more tags and they achieved this faster than in the type-to-
tag condition. 

These results indicate that, since Click2Tag is faster per tag, 
people may end up with more tags per passage than in the type-to-
tag condition. The implications of this effect on information 
retrieval and formation of tag folksonomies still remains to be 
explored.   

Implications for memory and learning. In the following we 
briefly review the implications for memory and learning for the 
two tagging mechanisms. Figure 8 shows hotspot gaze maps for a 
participant going through a type-to-tag trial versus a Click2Tag 
trial. As suggested in the Click2Tag condition (see Figure 8b), 
people fixated more on particular words in the text. This appears 
to have led them to rehearse the text content more and to perform 
bottom-up, content-driven tagging. In contrast, in the type-to-tag 
condition (depicted in Figure 8a), people read the text and then 
used their background knowledge to generate tags for the text, as 
opposed to fixating on specific words. Thus, the tagging process 
was top-down, knowledge driven and entailed more elaboration 
and connection with prior knowledge. As a consequence of these 
two different processing styles, one would expect to obtain better 
retention of individual facts from text in the Click2Tag condition 
(since practice is related to recognition memory [21]), but better 
free recall in the type-to-tag condition (since elaboration improves 
recall [3]). This is exactly what our data shows: people 
remembered freely more facts if they typed tags for the passage, 
but recognized facts from the passage better if they clicked on 
individual words in order to tag content. More details about these 
effects can be found in [5]. 

 

(a) 

 
(b) 

 Figure 8. Hotspot gaze maps for two tagging techniques:       
(a) type-to-tag and (b) Click2Tag. 

5.2 Usability and User Feedback 
We also conducted two separate user studies as part of an iterative 
design process to address how usable SparTag.us was and how it 
could be improved. The first study was conducted in the lab and 
consisted of people using SparTag.us to perform specific tasks, 
and then giving us feedback. In the second study, we had several 
employees of our company use SparTag.us for an extended period 
of time and we conducted in-depth interviews with some of these 
users to collect general feedback. 

5.2.1 Usability Study 
Participants. The users in our study were 10 company employees, 
older than 25, who volunteered their participation.  

Procedure. Users were asked to complete six tasks established in 
advance by the experimenter. In three of those tasks, they used 
SparTag.us to find and tag information from the web (e.g., find a 

good pair of headphones under $200). The other three tasks 
required the users to use the SparTag.us notebook to retrieve 
information that they may have collected or encountered during 
the first three tasks (e.g., find good ear bud headphones under 
$100). We videotaped all the tasks. At the end of the experiment, 
users filled in a 41-item survey. The survey included the SUS 
usability questionnaire [4] and other questions derived from 
Nielsen’s 10 usability heuristics [16], intended to help us 
understand the usability of SparTag.us. We also asked questions 
related to different features of the system, and invited open-ended 
comments.  

Results. According to the post-study survey, participants found 
SparTag.us intuitive and easy to use and felt that they could use 
the system without having to read the help page. With regard to 
usability, SparTag.us was rated as a moderately usable system. 
The average SUS usability score was 64 (ranging from 45 to 82.5, 
standard deviation 13.13).  For comparison, Windows ME has a 
score of 55.73 [15]. Average scores for SUS are typically between 
65 and 70. 

The following are several main lessons that we learned from the 
users’ feedback: 

• Most users considered Click2Tag and the low cost interface as 
the main benefit of SparTag.us (e.g., [I liked the] easy addition 
of tags without extra pop-ups and the easy display of tags 
overlapped over a page).   

• Paragraph tagging (e.g., [I liked] annotating in-depth, not stuck 
with just a label for the entire content, which is a problem of 
most tagging systems) and easy search and retrieval using the 
notebook were other mentioned benefits. 

• Users appreciated SparTag.us for personal data organization ([I 
liked the] ability to capture and organize information. It was 
easy to learn and intuitive, and it appealed to my personal 
interest). Indeed, 7 out of 10 users said they would use 
SparTag.us primarily for the purpose of organizing personal 
information. Moreover, 9 out of 10 participants said that, when 
they revisited a page, it was useful to see the annotations they 
had made on previous visits.   

• Due to our initial design, users felt that tagging was easier than 
highlighting and that highlighting was too hard to perform 
without making mistakes. 

• Even though the highlighting design had problems, most users 
(70%) felt that the combination of tagging and highlighting was 
most useful, rather than only tagging or only highlighting.  

Improvements Made. A close inspection of the videos taken in 
the study revealed that highlighting provided little feedback to the 
participants on whether the highlighting interactions were 
successful. In the next version of SparTag.us, we created separate 
modes for highlighting, highlight erasing, and text selection, 
respectively. From the videos we also observed that the 
participants experienced difficulties in making precise mouse 
clicks to define the highlighting boundaries. In our next prototype, 
we resolved this shortcoming by tracking where the mouse enters 
and exits a paragraph, and updating the highlight as the user 
moves the mouse. This mirrors the familiar text selection 
interactions.   



5.2.2 Assessment by Field Trial 
Our experience in the laboratory suggested that SparTag.us 
streamlines a reader’s entry of annotations to web content. We 
wished to examine how this works in people’s everyday practices. 
Consequently, we conducted a 6-week field trial of SparTag.us 
with 18 people in our own organization outside of the design 
team. This allowed close support and interaction with users in one 
social setting, but also exposed the new technology to some range 
of diversity. Participants ranged in role from summer interns to 
senior staff and managers, working within four different areas of 
our organization. The development team stated no constraints or 
guidance other than feature description and support. 

Our initial assessment of use practices is through in-depth 
interviews with selected users. Based on the observed frequency 
of use, we chose four participants for discussions conducted at 
least several weeks after initial deployment. We selected four 
people who gave the system an extended trial (above average in 
terms of pages viewed with SparTag.us running). Three of the 
participants (Interviewees 1, 2 and 3) were above average users of 
the technology in terms of the amount of annotations made, and 
one (Interviewee 4) was below average. 

Interviews were conducted by a researcher without prior 
involvement in the project, and were semi-structured, loosely 
following 26 pre-planned questions, but allowing the interviewee 
to cover the material as the topics arose in the interview. We 
designed the questions to walk the person through each of the 
various components and features of the SparTag.us interface, and 
phrased them to elicit stories about instances of application use 
(e.g., “Could you tell me about the last time you used 
SparTag.us? When was that? What were you doing? What 
happened?”). These questions were then followed up for as many 
different types of instances as the person could recall. Each 
interview was conducted in the office of the user and audio-video 
recorded. Participants were allowed to use the interface to 
demonstrate actions and look up information in the system to 
refresh their memories of events. 

Reported Benefits. People did engage with tagging at the 
paragraph level (in situ) and utilized the highlighting feature to 
mark salient points. As Interviewee 3 said while talking about a 
computer operation Web page, “That part [of the document] was 
interesting to me, not so much the other parts. But this is 
something I spend some time looking for and I really want to get 
a handle. I highlighted that. Oh, yeah, then I put some tags in, 
dual boot, sort of reminding myself. Remind myself that this is 
about partitioning and dual booting.” 

The focused annotation on specific subsets of a document, and the 
ease of tagging and capturing paragraph text in the notebook 
without extra effort was mentioned as what interviewees like best 
about the system. Interviewee 2 said, “[…]with ClipClip I need to 
type, notes, to remind myself, type the tags. I don’t like that”; and 
“So I like the notebook page, it gives me at a glance, like the 
specific content I was interested in as well as the URL. So it 
serves the same purpose that I use del.icio.us for because it saves 
the URL, but it gives me more at a glance the interesting content.” 

Reported Limitations. All users interviewed reported turning the 
trial prototype on and off (and then forgetting to turn it back on 
for a while). Much had to do with usability and performance of an 
early prototype. Of greater interest was that all users reported 
accidentally tagging things. Each developed the workaround 

strategy of abandoning the page (and hence not saving the 
erroneous tags). This points out that, while the Click2Tag 
implementation was described as easy to invoke, not all people 
will wish to invoke it in the same way with respect to their own 
browsing practices (Interviewee 4, “I had to tell it to stop 
highlighting things. I would prefer it to be much more in the 
background and become available when I want it”). 

Improvements Made. From the findings of our field trial, we 
improved the performance by reworking the SparTag.us client 
implementation. We also discovered that our highlighting 
implementation had led to problems with some pages containing 
HTML forms. To address this issue, we overloaded the text 
selection functionality of the browser, using the browser’s 
selection object to define the highlighting region. To enable users 
to find out the status of SparTag.us, turn it on if not, and repair 
tagging or highlighting miscues, we developed the SparTag.us 
toolbar, as described in Section 4.3. With one mouse click, users 
can now turn on or off SparTag.us and see the effect immediately. 
The toolbar also shows which mode (highlighting, highlight 
erasing, or text selection) SparTag.us is currently in, and the mode 
can be changed interactively. Furthermore, we added additional 
feedback and correction mechanisms. For example, users can 
easily see what text is annotatable and undo a tagging or 
highlighting operation with a simple mouse click or a shortcut 
key. 

6. CONCLUSION AND FUTURE WORK 
In this paper, we have described a novel tagging system called 
SparTag.us that introduces a new technique Click2Tag to support 
low cost, in situ tagging. One of the motivations for the Click2Tag 
technique came from our analysis of del.icio.us data, which 
showed that a large number of tagging events involve applying 
tags that come from the page content. Another motivation was 
based on the observation that tagging in current social 
bookmarking systems has relatively high interaction and attention-
switching costs. Our first user study examined how the cost of 
Click2Tag compared with the cost of typing to tag. The results 
suggested that people are more efficient with Click2Tag. They 
spend comparable time reading the text as when they were typing 
to tag, but tend to attach more tags. 

SparTag.us also allows in situ highlighting and automatically 
stores all the paragraphs that a user has highlighted or tagged into 
a notebook. We described two user studies addressing the 
usability of SparTag.us. These studies have been informative in 
making interface design decisions. They also reassured us of the 
potential user acceptance of our ideas on Click2Tag, the 
combination of tagging and highlighting, and the notebook.  

However, there are still many issues to be addressed in our future 
work. First, we need to compare the quality of tags generated by 
Click2Tag versus typing, as well as their effectiveness in 
information search and retrieval. For example, if you are looking 
for a document that you tagged using one of these techniques, will 
there be any differences in the amount of time it takes to find it?  
We are starting to examine this question in our research. In a 
recent paper [5], we reported the different implications of these 
two tagging techniques on memory and learning, which shed 
some light on the potential effects on later retrieval using these 
tags. Moreover, the folksonomies arising from these two 
techniques are likely to be different, since, as we discuss in 



Section 5.1, Click2Tag is content-driven, whereas typing is more 
knowledge driven. 

Second, another question of interest is how tagging and 
highlighting (and their combination) affect within-page 
navigation. If you come back to a page and see your own (or 
others’) annotations, will you be able to retrieve content of 
interest faster? Generally, we believe that tagging and highlighting 
support different functions, although there are certainly some 
overlaps. Tagging seems to help with navigation mostly, whereas 
highlighting seems to support learning either at encoding time or 
at reviewing time [7,17,19,24]. Future research is needed to 
understand whether the combination of tagging and highlighting 
will offer more support for gist reconstruction than tagging alone. 

Third, we plan to develop the social aspect of SparTag.us. In this 
paper we focused the description on the individual usage of 
SparTag.us, under the assumption that we first need to make the 
individual experience as effective as possible in order to be able to 
attract users to the system. Indeed, despite various burrs to be 
expected of the early prototypes, users found our system to be as 
usable as existing well-developed systems. The next step of our 
research is to explore the design space of social functionalities. 
We are interested in finding out what kind of features would 
transform SparTag.us into a system that appropriately supports 
social interaction and communication (e.g., seeing your friends’ 
tags or notebooks, being able to share tagged or highlighted 
content via email or other means, etc). We also plan to perform 
user studies that compare SparTag.us directly to popular social 
bookmarking systems such as del.icio.us.   
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