
Finding Literary Themes With Relevance Feedback
Aditi Muralidharan

Computer Science Division
University of California,

Berkeley
aditi@cs.berkeley.edu

Marti A. Hearst
School of Information

University of California,
Berkeley

hearst@ischool.berkeley.edu

ABSTRACT
A common task in text analysis is find conceptually-linked
passages of text such as examples of themes, imagery, and
descriptions of events. In the past, researchers looking to find
such passages have had to rely on searching for sets of key-
words. However, themes, descriptions, and imagery may sur-
face with many different phrasings, making retrieval based on
keyword search difficult.

We investigated the application of relevance feedback to this
problem. First, we implemented a relevance feedback sys-
tem for sentence-length text. Then, we evaluated the sys-
tem’s ability to support gathering examples of themes in the
works of Shakespeare. Participants with at least undergradu-
ate backgrounds in English language or literature used either
our system (N = 11) or keyword search (N = 12) to retrieve
examples of a theme chosen by a professional Shakespeare
scholar. Their examples were judged on relevance by our ex-
pert collaborator. Our results suggest that relevance feedback
is effective. On average, participants with relevance feedback
gathered more sentences, and more relevant sentences, with
fewer searches than participants with keyword search. How-
ever, a larger study is needed to establish statistical signifi-
cance.
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INTRODUCTION
Conceptually-linked passages of text are central to text anal-
ysis. For example, journalists and intelligence analysts might
seek quotes, excerpts, and mentions of events. Legal schol-
ars may want to find evidence of particular treatments given
to issues. In the humanities, literature scholars may search
for examples of themes, imagery, particular kinds of word us-
age, occurrences of tropes or stereotypes, and other patterns
of language use [1].

In current information retrieval systems, such passages of
text are retrieved through keyword search. In system such
as Google Books, the searcher types in a query, and receives
a ranked list of matching excerpts from various books. No
matter how sophisticated the ranking algorithm, such systems
rely on searchers to produce search queries that accurately ex-
press their information needs.

For passages with a common conceptual link, generating rep-
resentative keyword queries is problematic. The reason is fa-
miliar: the vocabulary problem [2]. This refers to the phe-
nomenon that the same concept can often be expressed with
many different words, and that different people are unlikely
to choose the same way of describing the same thing. For
example, take the Shakespearean theme that seeing an event
first-hand is more credible than hearing about it from another
person (discussed by Robert B. Heilman in [5] pp.58–64).
This theme surfaces in two very different sentences, which
have no words in common:

I would not take this from report; it is,
And my heart breaks at it.
(King Lear Act 4, Scene 6 Lines 136–137)

Then have you lost a sight, which was to be seen,
cannot be spoken of.
(The Winter’s Tale, Act 5 Scene 2 Line 47)

Thus, relying on a set of search terms generated by a single
person could lead to missing examples and non-representative
results. This is a problem if the scholars seeking these pas-
sages are doing so as part of a sensemaking process [6]. In-
complete or non-representative examples compromise the in-
tegrity of arguments made using them.

A better approach would rely less on the query formulation
process. Relevance feedback [7, 9] offers such an approach.
In a relevance feedback system, the searcher can give the sys-
tem feedback on the relevance of the results. The system
uses the feedback to adapt its model of the user’s informa-
tion need, and return results that are “more like” the ones
marked relevant. So, instead of having to formulate and re-
formulate queries in search of relevant results, the searcher
has the option to mark relevant and irrelevant ones, leaving
the re-formulation to the system. This approach takes ad-
vantage of recognition over recall. This is the psychological
finding that it is usually easier for a person to recognize some-
thing by looking for it than it is to think up how to describe
that thing [4].

Our goal was to investigate whether relevance feedback is an
effective solution to this problem. Due to our existing col-
laborations in the field of digital humanities, we focused on
the specific problem of finding examples of literary themes.
Specifically, are searchers equipped with relevance feedback
more effective at finding examples of themes than searchers
without?
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To answer our question, we implemented a simple relevance
feedback system for sentence-length text and compared it
with a keyword-search-only system in a user study. In the
study, participants were asked to find examples of a pre-
selected theme by searching over the complete works of
Shakespeare, and given five minutes in which to do so. The
theme was described in words, and they were also given two
example sentences that illustrated the theme. Participants
used either the relevance feedback system or the keyword-
search-only system to complete the task.

After all the users had participated, the sentences they chose
were rated as ”relevant” or ”not relevant” by a professional
Shakespeare scholar. We then compared participants’ scores
across the two interfaces to determine whether relevance
feedback produced improvements over keyword search.

SYSTEM DESCRIPTION
We implemented the Rocchio algorithm for relevance feed-
back [7], as described by Salton and Buckley in [9].The only
difference was that our “documents” were in fact sentences.
Our system used the vector space model of information re-
trieval. Each search query was translated into a feature vector
Q, and sentences retrieved by ranking their feature vectors in
order of their inner products with the query vector.

We used a bag of words feature vector to represent sentences.
A sentence s would be translated into feature-space vector S:

S = (w1, w2, . . . , wn), (1)

where wi is the weight of word i in the sentence. Word
weights were computed using tf-idf [8] with the “documents”
being sentences:

wi = TF (i, s)× IDF (i), (2)

where

TF (i, s) =
# times word i appears in s

# words in s
(3)

and

IDF (i) = log

(
total # sentences

# sentences in which word i appears

)
.

(4)
Since we had access to part-of-speech tagged text, we were
able distinguished between some words that shared the same
lexical form. For example, compare the sentences, “I lost my
rings.” and “The bell rings.” Because of part of speech tag-
ging, the feature corresponding to “rings” in the first sentence
(a noun) would be different in our system from the feature
corresponding to “rings” in the second sentence (a verb).

The query vector Q was:

Q = (q1, q2, . . . , qn) (5)

Where qi = 1/(# non-zero features) if word i was in the
query, or 0 if word i was not in the query. Since the query was
not part-of-speech tagged, the vector contained equal weights
for all part-of-speech variants of the query words.

When sentences were marked relevant or not relevant, the
query vector Q was adjusted toward the relevant sentences,

Figure 1. The relevance-feedback user interface. Participants could
mark results of a search query either relevant or not relevant (or leave
them as neutral). The marked sentences appeared on the right side of
the screen. If a non-zero number of sentences was marked, the “Refine
Results” button would appear. Participants could click it to refine their
results. If not, they could re-formulate their search query and Search
with the Search button

and away from the irrelevant sentences, according to the fol-
lowing weights:

Q′ = Q+
1

n1

∑
relevant

Si

|Si|
− 1

n2

∑
not relevant

Si

|Si|
(6)

where n1 was the number of relevant sentences and n2 was
the number of non-relevant sentences. Q′ was then used to
retrieve more sentences.

USER INTERFACE
We implemented a minimal user interface for our relevance
feedback system, shown in Figure 1. The system could be ini-
tialized either with a set of examples or a search query. Users
were given the following controls: a search box, a “Search”
button, a “Reset” button, and a “Refine results” button.

Searching or Refining produced a list of search results in a
table. For each result, participants could mark one of three
relevance-feedback radio buttons: relevant or not relevant (or
leave the default choice, neutral). If a sentence was marked
anything other than neutral, it would appear in a list on the
right side of the screen. Participants could undo their choices
by clicking the “X” button next to a sentence in a list or by
changing their choice in the radio buttons.

After sentences were marked, clicking the Refine Results but-
ton would display a new set of results produced through rel-
evance feedback. The participant could then mark more sen-
tences and repeat the process. They could also perform a
search instead.

If a search was performed after a relevance feedback step, a
two-step process would ensue. First, any marked sentences
not already integrated into the relevance feedback model
would be integrated into the query. Second, the resulting
query vector would be added with equal weight to the new
search query. This ensured that the relevance feedback al-
ready issued would not be lost when the user typed in a new
search query.

STUDY DESIGN
Our goal was to determine whether relevance feedback was
better able to support finding literary themes than keyword
search alone. We decided upon a between-participants study
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design with a single theme from Shakespeare. Participants
were randomly assigned to either the relevance feedback sys-
tem or the search-only system. Both systems retrieved re-
sults from the same collection: the complete works of Shake-
speare, published as electronic texts by the Internet Shake-
speare Editions.

The search-only system used the same vector space retrieval
model as the relevance feedback system, except that feedback
was disabled – there was no “Refine Results” button, and the
system did not adjust the query vector in the direction of sen-
tences marked relevant.

Participants were shown an explanation of the theme, with
two examples. Then, they were asked to find as many more
examples of the same theme as they could within five min-
utes. When the time limit expired, the sentences that the par-
ticipants had marked relevant were logged.

Finally, the participants were taken to a self-evaluation ques-
tionaire. On a scale of 1 to 5, they were asked to rate their
understanding of the task, their understanding of the theme,
their perception of how easy or difficult the task was, and their
perception of how well they performed. Lower numbers were
worse, and higher numbers were better.

We instrumented the study so that people could take it re-
motely (using cookies to guard against repeat participation).
We logged the number of searches, number of refines, and
the numbers and ID’s of sentences marked relevant and not
relevant.

Since we were dealing with literary themes, we decided to re-
strict participation to people with at least college-level back-
grounds in English language or literature. Before starting the
study, participants were asked to self-report their level of ex-
perience in English language or literature. Calls for partici-
pation were tweeted by the authors, and sent to mailing lists
at the English departments at Berkeley and Stanford.

The theme in the study was chosen by our domain-expert col-
laborator, Dr. Michael Ullyot at the University of Calgary.
Dr. Ullyot is a Professor in the English department, and reg-
ularly teaches Shakespeare courses. The theme he chose was
“the world as a stage”, in which imagery relating to actors,
acting, or the theater is used in relation to life, or real-world
events. The two examples he selected to illustrate the theme
were:

All the world’s a stage,
And all the men and women merely players:
They have their exits and their entrances;
And one man in his time plays many parts,
His acts being seven ages.
(As You Like It, Act 2 Scene 7 Lines 139–143)

Life’s but a walking shadow, a poor player
That struts and frets his hour upon the stage
And then is heard no more: it is a tale
Told by an idiot, full of sound and fury,
Signifying nothing.
(Macbeth Act 5 Scene 5 Lines 23–27)

In the relevance feedback condition, the query vectors were
automatically adjusted to include the two sentences above.

Expert Evaluation
Once all participants had finished, we submitted their sen-
tences to our Shakespeare scholar, Dr. Ullyot. He marked
each sentence either relevant or not relevant to the “world as
a stage” theme. Using these scores, we were able to derive
the set of 46 sentences identified as relevant across all par-
ticipants and the number of relevant sentences found by each
participant. We were thus able to compute precision and re-
call for each participant, with recall defined against the union
over all the participants of sentences judged relevant by our
expert.

RESULTS
23 participants with the requisite background completed the
study. Of these, 11 had PhDs, 3 had Master’s degrees, 6 had
bachelors’ degrees, and 3 were current undergraduates in En-
glish language or literature. The search-only condition re-
ceived 12 participants, and the relevance feedback condition
received 11.

We were interested in differences between the following ob-
servables across the two systems:

- Number of sentences found,
- Number of relevant sentences found,
- Precision,
- Recall,
- Perceived satisfaction with own performance,
- Perceived difficulty of task
- Number of searches performed

Our hypothesis was that relevance feedback would be more
effective than keyword search-only at helping find examples
of the theme. In terms of our observables, this implied the
following changes: more sentences, and more relevant sen-
tences, higher precision and recall, higher task satisfaction
(with no increase in perceived difficulty), and fewer searches.

To test our hypothesis, we performed a two-sided Wilcoxson
rank sum test on each of the above observables across the two
conditions. We chose this test because we did not have paired
samples, and we could not assume that the observations were
normally distributed.

Our results were suggestive, but not statistically significant.
For all observables, the average values in the relevance-
feedback condition differed from the average values in the
search condition in the direction consistent with our hypoth-
esis. On average, participants in the relevance feedback con-
dition found more sentences, of which more were relevant,
and performed fewer searches in order to do so (Figure 2).
This resulted in higher precision and recall (Figure 3). They
also had higher task satisfaction, with no change in perceived
difficulty (Figure 4).

However, none of the differences were statistically signifi-
cant, and the confidence intervals on the differences were so
broad as to render the study inconclusive. Larger sample sizes
would have reduced this uncertainty.
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Figure 2. A comparison of the average number of searches performed,
number of sentences found, and the number of relevant sentences found
across the two conditions, relevance feedback (red) and keyword-search
only (blue). The differences are consistent with our hypothesis that rel-
evance feedback (red) makes it easier to find relevant sentences. With
relevance feedback, there are fewer searches, but more sentences, and
more relevant sentences.

Figure 3. A comparison of average precision and recall across the two
conditions, relevance feedback (red) and keyword-search only (blue).
The increased precision and recall in the relevance feedback condition
(red) is consistent with our hypothesis that relevance feedback is an ef-
fective aid for finding literary themes.

Figure 4. A comparison of the average self-evaluated task difficulty and
performance satisfaction across the two conditions, relevance feedback
(red) and keyword-search only (blue). Participants in the relevance feed-
back condition (red) were more satisfied with their performance, consis-
tent with our hypothesis that relevance feedback makes it easier to find
relevant sentences.

DISCUSSION AND FUTURE WORK
Our results suggest that relevance feedback was more effec-
tive than keyword search alone for finding examples literary
themes. We intend to conduct a larger study to establish sta-
tistical significance. In this second study, statistical power
could be increased by collecting paired samples in which each
participant does two different theme finding tasks, one on the
relevance feedback and one on the search-only system.

There are also improvements that can be made to the rele-
vance feedback system. The first is the size of the retrieved
units. When we described the system to our literary-scholar
collaborators, a frequent objection was that sentences were
an unnatural unit when looking for themes. However, para-
graphs might be too big or too small, depending on context.
To address this problem, we could segment the text into con-
secutive topically-coherent units using an approach such as
TextTiling [3]. Instead of retrieving sentences or paragraphs,
we could instead retrieve these units.

Another area for improvement is the feature-space represen-
tations of the units. With syntactic parsing, we could extract
subject-object and dependent-modifier relationships between
words, and incorporate them into the feature vectors. Syn-
onymy could also be employed as a way to broaden the query.
The presence of a word in a sentence feature could “activate”
(with some diminished weight) the features for all the syn-
onyms of that word.
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