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ABSTRACT
We present a study of the degree to which annotations over-
lap when several researchers read the same set of scientific
articles. Our objective is to determine whether there is suffi-
cient evidence to suggest that information about which pas-
sages initial readers tend to annotate might be used to rec-
ommend important passages to later readers of the same
material. We found that readers exhibit a high degree of
overlap in the passages they annotate, that these passages
account for a small but significant fraction of the total doc-
ument, and that such passages are distributed throughout a
document rather than concentrated in the same few sections
in each paper (e.g., the results section). These findings in-
dicate that work on developing a passage recommendation
model based on annotation is warranted.

Categories and Subject Descriptors
H.1 [Information Systems]: Models and Principles; H.3.7
[Information Systems]: Information Storage and Retrieval—
Digital Libraries

General Terms
Experimentation

Keywords
Annotation, annotation consensus, knowledge management,
passage recommendation

1. INTRODUCTION
Maintaining currency is increasingly difficult: Scientists and

other knowledge workers find it increasingly difficult to main-
tain currency in their areas of expertise. This is largely due
to the increasing amounts of information with which they
must be familiar. For example, 40,000 new citations are
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added to the MEDLINE repository of life sciences litera-
ture each month [12]. A number of studies of information
gathering behavior among scientists in many fields indicate
that researchers spend a significant amount of their time (as
much as 35%), searching, gathering, and reading informa-
tion necessary to their work [14, 24]. If we can dramatically
reduce the time required to keep pace without degrading a
researcher’s understanding of related work, more time can be
spent in pursuing new findings, developing innovative tech-
nologies, etc.

Reducing the reading burden: A portion of this problem
lies in reducing the amount of time required in order to read
and understand individual articles. A large body of auto-
mated summarization work targets this problem [8]. We
suggest an alternate approach and here present an initial
step in determining whether such a strategy might prove
fruitful. The technique we envision is one of passage recom-
mendation based on the consensus of many prior readers of
a document who have annotated as they read. A means of
presenting the type of recommendations we envision would
be to highlight within an article all passages that 2/3 or
greater of all previous readers have marked in some way
(e.g., underlining, margin note, etc.). Though motivated by
the hypothesis that such an approach would be successful, in
this paper we present only a preliminary step in this direc-
tion. We do not outline a recommendation model or system,
rather we simply present a paper-based study of annotation
consensus. Our objective in performing this study was to
determine whether there is sufficient overlap among the an-
notations of our test subjects to warrant work developing an
annotation-based passage recommendation system.

Research questions: In a study of annotation behavior
among a group of scientists reading the same set of papers,
we asked the following research questions:

• Q1: To what degree did readers overlap in the pas-
sages they highlighted, underlined, or in some other
way annotated?

• Q2: On what fraction of the reading material did an-
notators focus the majority of their attention?

• Q3: What is the distribution of annotations through-
out documents?

Q1 rationale: We are interested in whether there is sig-
nificant consensus as to the important reading material in
a document. If so, then the passages jointly annotated by
a small set of initial readers are likely to be of particular



interest to later readers of the same document. Aggregated
annotation information may be used to recommend a read-
ing path other scientists might follow through a document
so as to quickly learn its important contributions.

Q2 rationale: A passage recommendation strategy is use-
ful in reducing the reading burden only if the number of
passages recommended is small relative to the size of an en-
tire document. Therefore annotations must be concentrated
among a small subset of the passages of a document in or-
der to use annotation consensus to recommend passages to
future readers.

Q3 rationale: If annotations do cluster in a relatively small
fraction of the passages within documents, then we would
like to know if there is some factor driving annotation con-
sensus that derives from the structure of a paper. For exam-
ple, if most annotations are found in the discussion section
of a paper then there is no need for a passage recommenda-
tion strategy of the kind we envision. If such a phenomenon
exists, then readers are likely to already know to skip to the
discussion section and begin reading there first.

2. CONTRIBUTIONS
Our findings indicate that scientists with roughly the same

degree of subject familiarity who read the same article ex-
hibit significant overlap in the passages they annotate when
reading an article. Furthermore, our results suggests that
these passages account for only a small fraction of the arti-
cle on average. Finally, annotations are distributed widely
throughout an article and do not appear to be isolated to
any one particular section or section type. Our conclusion
is that the consensus of annotators of a document may be
useful in directing the attention of future readers with re-
lated interests so as to reduce the amount of time required to
find and absorb the important information that document
contains.

3. RELATED WORK
Look and feel of annotations: Our research is informed by

work targeted at understanding annotation behavior. Going
back as far as 80 years, many scholars have studied the ways
in which readers most commonly mark documents [3, 7, 21].
Recent work in this area focuses on understanding reading
and annotation behavior on paper in order to better design
electronic annotation systems, particularly with regard to
their user interface [22, 16, 17, 25, 10, 28, 23].

Passage-level annotation consensus: In the work presented
here, we move beyond the study of what types of marks read-
ers make. We measure the degree to which the various marks
of a several readers cluster together as we “overlay” several
copies of the same document each marked by a different an-
notator. We looked for agreement of a sort as to the passages
of importance within a collection of documents. This facet
of annotation behavior is largely unexplored; however, one
piece of work in this area is that of Cathy Marshall [17].
As part of a larger study, Marshall looked at the degree of
overlap among annotations for a small number of copies of a
textbook used in an undergraduate university course. Build-
ing on this work, we considered annotation consensus across
many documents in the domain of scientific literature. In
contrast to Marshall’s work, we control for factors such as
group discussion and lectures that might bias the behavior
of readers toward greater overlap in annotation.

Social information navigation: Also related is research on
social information gathering, filtering, and search. A va-
riety of systems exist that aggregate the tags individuals
apply to the documents they read in order to enable others
to find documents on topics of interest to them. CiteULike1,
Del.icio.us2, and Technorati3 provide examples. Bao et al.
[1] explore the use of such tag aggregators to improve web
search. They present one algorithm that ranks documents
by matching web queries to tags applied to web pages using
the Del.icio.us service. They outline another that determines
the importance of a page based on the number times it has
been tagged. Moving from tags to other forms of social nav-
igation, Farzan and Brusilovsky [11] describe a Footprints-
like [27] approach based on the ways in which students in-
teract with a set of on-line resources. In the Knowledge Sea
II system in which this approach is implemented, students
are presented with a color-coded map indicating the most
popular documents within the collection (based on the ac-
tivity of other students) and the purposes for which other
students found the information useful. Later work by the
same authors [13] extends these ideas in work targeted at
the ACM digital library. Though this work does make use
of highlighting and other forms of passage-level annotation,
such annotations are employed in an information naviga-
tion context only at the document level to help users choose
among many search results. In general, social navigation
approaches to date either replace or augment traditional in-
formation retrieval techniques with the collective opinion of
a body of readers. In this respect, this type of technology is
related to what we envision as several of the next steps we
will take in our own research. The primary difference is that
in future work we will explore the recommendation of pas-
sages within documents a person has already chosen to read
rather than recommendation of the documents themselves.

Annotation for collaboration: Less related, though still
important to our work, is research on the sharing of anno-
tations for the purpose of collaboration or discussion. This
research informs our own largely in that it points to the
value in reusing the annotations of others and lends addi-
tional credence to our conclusion that aggregated annotation
may serve as an effective basis for a passage recommendation
model. Several systems support synchronous online discus-
sion in an educational setting by providing students with the
ability to annotate and communicate around various forms
of information included in homework assignments [4, 9, 2].
Other work explores the use of annotation as a reading and
learning tool within the classroom [26, 20]. Finally, many
researchers have explored shared annotation as a tool for
synchronous and asynchronous collaboration around docu-
ment creation and other forms of knowledge work [29, 5, 18,
15, 19].

4. STUDY OVERVIEW
Guiding principles: In performing the study described be-

low, our objective was to gain an initial understanding of an-
notation consensus among researchers reading the same arti-
cle. We identified an environment in which the backgrounds
of the readers was related, but with significant differences
so as to ensure varying perspectives that occur in real-world

1http://www.citeulike.com
2http://del.icio.us
3http://technorati.com
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Figure 1: Examples of marks made by two different annotators of the same document. Each annotator worked
with his/her own copy.

situations. In addition, we structured the study so as to
eliminate bias due to lecture, discussion, or other interac-
tions that might influence annotation behavior. Finally, we
sought out an environment in which several researchers were
motivated to read the same set of scholarly articles for their
own purposes.

Environment: We performed our study in the context of
a graduate seminar on molecular phylogenomics in the De-
partment of Biology at the University of Iowa. The class was
composed of eight graduate students from four distinct lab-
oratories in three different graduate programs (molecular bi-
ology, genomics, and geoscience). The first half of the course
(eight weeks) consisted of lecture on the topic of molecular
phylogenomics. In the second half, each student was re-
quired to select two papers that he or she would present to
the rest of the class. Each presenter provided the rest of
the graduate students with two papers to read at least three
days in advance of his or her presentation. To provide a
focus for reading, the presenter also emailed to the rest of
the class a brief (few sentences) description of the topic he
or she would be presenting. One student per week presented
both papers he or she had selected. To avoid interrupting
the natural use of the readings as reference material during
a presentation and the following discussion, we collected the
annotated papers at the end of each class. However we at-
tended every class meeting and observed in-class discussion
to ensure that the papers we collected had been annotated
prior to the presentation and that no additional marks were
made during the presentation or subsequent discussion. We
did not; however, participate in discussion.

Instructions to test subjects: The instructions we gave our
test subjects as to reading and annotation procedure were
exactly as follows:

1. Read the topic summary provided by the presenter so
that you understand the subject of the talk and thus
what information within the papers will be relevant to
the discussion.

2. Annotate the papers with an eye toward that which
is relevant to this topic. The function of the annota-

tions should be to enhance your understanding of the
material and ability to quickly review it later. Typ-
ical annotations include highlighting, underlining, as-
terisks, etc. However, annotations are not limited to
these marks, please use those you commonly use in
your research.

3. When highlighting passages, figures, etc. of relevance
please use the pink highlighter provided, a pen or a
pencil. Yellow and other colors of highlighters do not
photocopy.

4. In determining how much or what to highlight please
use your own discretion; however, please bear in mind
that either extreme (the entire paper or no highlighting
at all) are of no use to us in this study.

5. Please bring your annotated papers to class on the day
of the corresponding presentation. We will collect the
papers, photocopy them, and return them to you at
the next class.

5. DATA COLLECTION
Collecting hardcopy: We collected paper copies of 16 arti-

cles that had each been annotated by four to seven readers,
depending on how many students chose to participate in our
study in a given week. For each paper, therefore, we gath-
ered between four and seven distinct copies, each of which
had been read and marked by a different reader. The types
of annotations readers applied to the articles they read in-
cluded:

• Highlighting using a marker

• Underlining

• Circling or boxing

• Vertical lines drawn in the margin (margin bars).

• Exclamation points, asterisks, and other emphasis marks.

• Margin notes
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Figure 2: (a) Distribution of the number of sentences in passages of interest. (b) Distribution of the number
of un-annotated sentences found between passages of interest.

Such marks are in keeping with the annotation behavior
reported by Marshall [17]. Figure 1 provides examples of
the marks made by two different readers of the same paper
in our study.

Transcribing hardcopy: To transform the information in
the papers we collected into a form we could use for evalu-
ation, an undergraduate transcribed the paper annotations
into xml tagged versions of each document using Mitre’s Cal-
listo tool [6]. We broke each paper down to sections, para-
graphs, and sentences. For each sentence, we tracked which
readers had marked it in any way. For our purposes, the re-
lationship between a textual unit and a reader is binary; if
a reader marked a sentence in whole or part in any way, we
considered it marked. For example, reader GK underlined
sentence 180 in paper 13; reader SL circled two separate
words in the same sentence; and reader TM wrote a margin
note next to this sentence. All three readers were marked
as having annotated sentence 180 in paper 13. No matter
how many separate marks a reader made in a sentence, for
our purposes, a reader either marked a sentence or she did
not. As discussed in Section 3, the types and frequency of
annotations made by individual readers of a document has
been studied by many researchers. Agreement among read-
ers as to passages of interest as indicated by annotations is
a largely unexplored area of annotation behavior. In this
paper, we are concerned solely with annotation consensus.

6. GENERAL STATISTICS
Document statistics: Our data set contains 16 papers,

containing a total of 3516 sentences. We excluded bibli-
ographies from consideration; only two annotations in all
the data we collected were found in a references section.
The average number of sentences in an individual document
is 220 with the smallest being 46 and the largest, 364. Of
the total of 3516 sentences, 1639 (47%) were annotated by
at least one reader. The smallest fraction annotated in any
one document was 31% and the largest was 72% (in the
document containing only 46 sentences).

Annotator statistics: Readers annotated an average of 13%
of the sentences they read. The smallest fraction annotated
by any reader was 8.5%, the largest was 23%. The reader
we identified as GK annotated 23% of the sentences. The
frequency with which this subject annotated was the only
one of the eight that was significantly greater than the rest.

7. PASSAGES OF INTEREST
Finding passages: As is probably common to most re-

search articles, the authors of the documents in our study in-
troduce an idea and then proceed to work through that idea
for several sentences. As a result, several readers marked
different sentences in close proximity that identify the same
or very similar take away information from an article. In
some instances this information spans multiple paragraphs;
in others it is contained within a single paragraph. As a
result, we sought a means of determining passages of in-
terest to readers that reflects what we found in our data,
but does not introduce bias into the study. We settled on
an automated technique that defines a passage of interest
to be a continuous sequence of sentences in a single docu-
ment for which at least one reader annotated every sentence.
Passages under this definition are bounded by at least one
sentence that no reader annotated or by the beginning or
end of the document.

Passage statistics: Among the annotated sentences in our
data we found 558 distinct passages. The mean passage
length is three sentences (median of two), with a minimum of
one and a maximum of 19. Figure 2a depicts the distribution
of passage lengths. The mean number of sentences between
passages is three (median of two) with a minimum of one
and a maximum of 47. The distribution of the number of
sentences separating passages is charted in Figure 2b. There
are five additional separators of various lengths beyond the
largest length of 15 shown in this chart. We trimmed the
tail to make the bulk of the data more easily viewed.

8. ADDRESSING Q1
In this section, we present findings that address the ques-

tion: To what degree did readers overlap in the pas-
sages they highlighted, underlined, or in some other
way annotated?

Normalizing consensus: Our study included a total of eight
graduate students serving as test subjects. For each of 16 pa-
pers, we collected annotations from between four and seven
subjects. Seven subjects annotated copies of six different
papers, six annotated copies of five papers, five annotated
copies of two papers, and four annotated copies of three pa-
pers. To normalize the number of annotators across papers,
we broke down the consensus levels into four percentiles:
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Figure 3: (a) Fraction of passages annotated by k or more readers. (b) Fraction of all annotated sentences
found in passages annotated by k readers.

1. 0% < consensus ≤ 25% (1 reader)

2. 25% < consensus ≤ 50% (2 or 3 readers)

3. 50% < consensus ≤ 75% (3 or 4 readers)

4. 75% < consensus ≤ 100% (4 or more readers)

The percentages here represent the ratio of readers who an-
notated a sentence to the total number of readers for a paper.
For example, a sentence annotated by three of the four peo-
ple from whom we collected annotations for paper 14 would
fall into the third percentile above, because it was anno-
tated by 75% of the readers for that paper. With between
four and seven annotators per paper these percentiles indi-
cate one annotator, two or three annotators, three or four
annotators, and four or more annotators, respectively.

High levels of consensus: In evaluating the level at which
readers agree in their annotation of passages, we considered
passages as a whole. We identified any reader who marked
at least one sentence in a passage in any way as an anno-
tator of that passage. We then calculated what fraction of
the annotators for a given document marked each passage.
The results are shown in Figure 3. Figure 3a shows that
passages marked by one or two annotators account for 371
or 67% of all annotated passages, with consensus of three
or four annotators on 121 (22%) passages, and consensus
of four or more on 66 (12%) passages. However, the over-
whelming majority of passages marked by one or two readers
consist of a single sentence. When we look at the number
of sentences in annotated passages, we see that the major-
ity of annotated content is marked by 50% or more of the
readers. Figure 3b shows the fraction of annotated sentences
contained in passages at each level of annotation consensus.
There were a total of 1639 passages annotated by at least one
reader in our study. Sentences in passages with consensus
of 3/4, 3/5, 4/6, or 4/7 annotators account for 496 (30%) of
all annotated sentences. Sentences in passages with consen-
sus of 75% or more of annotators account for 455 (28%) of
all annotated sentences. The majority of annotators agree
on almost 60% of the annotated sentences found through-
out the documents in our study. These sentences account
for just over 27% of the total number of sentences in our
dataset.

Figure 4: Fraction of annotated sentences found in
passages with a consensus of three or more annota-
tors. The results are presented for each document
individually.

Consistent with individual documents: At the individual
document level, Figure 4 charts the fraction of annotated
sentences contained in passages on which there was anno-
tator consensus of 3 or more. With the exception of docu-
ments 14 and 16, the results meet or exceed what we found
when considering the data set as a whole. This indicates a
reliably high level of consensus among readers for approxi-
mately 60% of annotated sentences. Document 14 was the
last document discussed on the next-to-last class of the semi-
nar course we studied. Document 16 was the last document
presented on the last day. Respectively, they are also the
longest and third longest documents included in our study,
containing 100 sentences more than most of the other docu-
ments. The marks made by annotators of these documents
represent a departure from the annotation frequency of these
same readers in other documents in our study. We believe
these subjects were simply fatigued or overburdened by their
end of semester workload and that they gave documents 14
and 16 only a cursory look.

Statistical Significance: We determined the statistical sig-
nificance of annotation consensus at the sentence level. Our
objective was to demonstrate that the degree to which the
annotations of individuals overlap could not have happened
by chance. We performed a Monte Carlo simulation to deter-
mine the distribution of overlap if sentences were annotated



at random in proportion to what we found for each of our
eight annotators. We found that the overlap in annotations
between readers in our study is significant (p=.01) for as few
as two or more annotators of the same paper.

9. ADDRESSING Q2
In this section, we present findings addressing the ques-

tion: On what quantity of the reading material did
annotators focus the majority of their attention?

Calculating the concentration curve: We have defined an
annotation as a reader/sentence pair. If a reader marked
a sentence in any way, we treat the entire sentence as hav-
ing been highlighted by the reader. If a single sentence was
marked by five different readers then that sentence is in-
volved in five annotations. Using this definition of an anno-
tation, we calculated a curve that shows how the concentra-
tion of annotations relate to the quantity of material read.
The result is depicted in Figure 5. To generate this curve,
we determined the number of individual annotations found
in each passage of interest. For each passage, every sentence
was marked by at least one reader. Some were marked by
more. We simply counted the number of reader/sentence
pairs in each passage and then sorted passages by this num-
ber. The Y axis values are determined by the sum of sen-
tences in passages as we move from those containing the
largest number of annotations to those containing the least.
We could have achieved even higher concentration numbers
had we worked with individual sentences and sorted sen-
tences by the number of annotators. However, we performed
this calculation at the passage level because our data indi-
cates that it is passages around which reader attention is
concentrated, not individual sentences.

Annotations concentrated in small fraction of material: At
least one reader annotated 46% of all sentences read by our
test subjects. However, the overwhelming majority of these
annotations are concentrated in a small but significant frac-
tion of the material. Figure 5 shows that half of all annota-
tions are concentrated in just 1/5 of the sentences. Nearly
80% of annotations are concentrated in passages accounting
for only 1/3 of the total data set. This result combined with
our results for Q1 indicate that a passage recommendation
system based on the annotations of prior readers of a docu-
ment may significantly reduce the time required for readers
to learn the key contributions of a research article.

Consistent with individual documents: Individual docu-
ments exhibit a similar annotation concentration curve. For
example, in every document, 80% of the annotations are
found in passages accounting for between 1/4 and 1/2 of the
total document. For most documents, this concentration is
found in 1/3 to 2/5 of the document.

10. ADDRESSING Q3
In this section we address the question: What is the

distribution of annotations throughout a document?
Rationale: A passage recommendation system is neces-

sary only if the key passages in all articles are not always
found in the same portions of a document or in some other
way known from the outset. If, for example, the majority
of take away information is concentrated in the discussion
section then new readers can simply focus their attention
on this section. If annotations are concentrated in the same
few sections of most documents, then it is likely that the

Figure 5: Curve depicting the concentration of an-
notation events (one annotator marking one sen-
tence) in varying quantities of reading material.

attention of readers will be focused in these sections as well.
There would, in such a case be little use for a passage rec-
ommendation system of the kind we envision.

Analysis procedure: To evaluate the distribution of an-
notations throughout documents in our study, we broke up
each document into 10 consecutive segments (percentiles)
containing an equal number of sentences. For each docu-
ment, each segment contained 10% of the sentences in the
entire document. We excluded bibliography sections. For
example, for a document containing 200 sentences, the 10th
percentile contained the first 20 sentences in that document.
The 20th percentile contained the next 20 sentences. The
30th percentile contained the next 20 and so on until the
end of the document. Looking across documents, then, we
evaluated what fraction of all annotations in the data set fell
into each percentile. Once again, an annotation is the event
of one reader annotating a single sentence.

Annotations distributed throughout documents: Our find-
ings indicate that readers do not focus their attention to
any extreme in one part of a document and that a passage
recommendation system for scientific literature may be use-
ful in helping readers find the key information in an article
more quickly. The readers in our study annotated in such
a way that their marks were distributed evenly through all
documents, for the most part. There was a small drop off
in annotation concentration in the last 20% of most docu-
ments, but even these portions of the documents received
significant attention from our readers. Figure 6 shows the
distribution of annotations throughout documents read dur-
ing our study. Close to 10% of all annotations occurred in
the first nine segments containing 10% of the sentences for
each document. There was a slightly greater concentration
of annotations (12.6%) near the middle of the documents
and a noticeable drop off in annotations near the end of
documents.

Annotations distributed throughout section types: Articles
in the field of biology exhibit a fairly consistent structure
across disciplines and subspecialties with regard to a handful
of section types. In particular, these sections include: In-
troduction, Methods, Results, Discussion, Conclusion. We
performed an analysis similar to that described above for
specific section types across all documents. As with the



analysis above, we found that annotations are distributed
fairly evenly throughout specific section types.

Figure 6: Documents were divided into regions by
number of sentences. The 10th percentile represents
the first 10% of sentences in the documents. The
20th percentile is the second 10% of sentences and
so on. The Y axis shows the fraction of annotations
that fell into each percentile.

11. DISCUSSION
Our objective in performing the study described here was

to gain an understanding of the relationships between the
annotations of multiple readers of the same research articles.
We hoped to gain some insight as to whether aggregating
the annotations of individuals has potential to benefit later
readers of the same documents with similar interests and
objectives. Our findings indicate that the annotations of
a small set of initial readers of a document may make an
effective basis for directing later readers to passages they
would find useful.

60% or more of our test subjects annotated the same pas-
sages from documents in our data set. This behavior was
largely consistent across all 16 documents. The sentences
in these passages account for just over 27% of all the sen-
tences in our data set. Therefore, we found a high degree of
annotation consensus on a relatively small, but significant
fraction of the material our subjects read. It is likely that
future readers of the same documents having related inter-
ests would find these passages useful. Furthermore, since
the volume of this material is only 1/4 of the size of the
entire document collection, highlighting these passages may
provide later readers with a means of learning the essential
take away information in these articles in a fraction of the
time it would take ordinarily.

Finally, annotations do not appear to be concentrated in
one or more specific section types (e.g., the results section).
Rather, it appears that the location of information of inter-
est in a document is unique to that document and based on
the content rather than the structure. The annotations of
readers in our study were densely concentrated into a rel-
atively small fraction of each document, yet these passages
were distributed almost uniformly throughout an entire doc-
ument.

12. FUTURE WORK
The readers in our study had a fair amount of common

ground in approaching the documents they read. However,

they did not have a specific purpose in reading the docu-
ments. They were not looking for an answer of some kind.
In many situations, researchers read articles with a particu-
lar agenda in mind. We hypothesize that two readers with
largely the same objective in reading a paper would exhibit
an even greater degree of overlap in annotation than what we
saw in this study. We also hypothesize that two researchers
reading the same paper for different reasons would overlap
less. Any passage recommendation system based on annota-
tion would need to make these distinctions. In addition, the
volume and quality of annotation differs from one individual
to another as we saw with our test subject, GK. These vari-
ations would need to be taken into account in any passage
recommendation model.

Our next step in this work will be to evaluate the differ-
ences in annotation consensus when readers have the same,
different, or no clear objective in mind. We are currently
in the initial stages of analyzing data we have collected for
such a study.

Beyond this we will expand our experiments to studies
larger in scale so that we can gain an understanding of vari-
ation in individual annotation behavior.
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