
Registration form (basic details)

1a. Details of the applicant
Title: Dr.
First Name: Vera
Initials: V.
Prefix:
Surname Hollink
Male/female female
Address of correspondence Centrum Wiskunde en Informatica

Science Park 123
1098 XG Amsterdam

Preference for correspondence in English no
Telephone +31-(0)20-5924216
Fax: +31-(0)20-5924199
Website: http://www.cwi.nl/∼vera

1b. Title of the research proposal
Detecting relations between search queries and search results to improve access to image repositories.

1c. Summary of research proposal
KEYWORDS: web usage mining, query modification, search support

Despite omnipresent web services, such as Flickr and Google Images, finding images remains a difficult
task, forcing users to modify their queries several times in order to fulfill their information needs. Our goal
is to make search more efficient by developing methods to assist users during query modification.

Existing techniques for studying query modification do not suffice as a base for developing search
support. These techniques employ either search log analysis or user studies. Log analysis uses users’
queries and the results selected, but not the meaning of the queries. As a result, log analysis yields statistics
on the overlap in terms between queries, but not their semantic relations. User studies do reveal semantic
relations, but are based on limited numbers of users, making statistics about the use of the various relations
unreliable.

Our hypothesis is that search support can be improved by combining statistical search log information
with semantic information. The first research challenge is to elevate queries from meaningless strings to
entities with well defined properties and explicit relations to other entities, by relating the queries to entities
from publicly available linked data sources. Statistical methods will be investigated to infer semantic
modification patterns from frequently occurring relations between queries. The second challenge is to
employ these patterns to automatically improve search support.

The techniques developed will be validated in a series of experiments. Offline experiments using the
search logs of four large image providers will measure the predictive value of the modification patterns.
The impact of the developed search facilities will be evaluated by incorporating them in a live search engine
and comparing the search of users who have access to the extra search facilities to users using the original
version of the search engine.

1d. Host institution
Centrum Wiskunde en Informatica, Interactive Information Access Group

1e. NWO Division
EW: Exacte wetenschappen
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2. Research proposal

2a. Scientific/scholarly quality
Research aims

Image search engines allow users to search in large image collections. Despite considerable improvements
in recent years in the area of content- and annotation-based image retrieval, finding images remains a
challenging task. Users searching for images need to modify their queries several times to fulfill their
information needs: on average, users searching for images need 20% more search iterations than users
searching for audio and video content [28] and even 80% more iterations than users searching for textual
content [18]. Apparently, finding effective queries is a substantial component of image search. The aim of
the proposed research is to develop methods to assist users with query modification, making image search
as a whole more efficient. We focus on information gathering tasks [1, 6, 21, 23, 27]: collecting multiple
pieces of information around a single topic. Compared to other types of search tasks, information gathering
tasks occur most frequently, take up most of the users’ time and involve most query modifications [1, 21].

To support query modification we first need to understand how users modify their queries and how these
modifications help to fulfill their information needs. This gives rise to the following research questions:

RQ 1 How to identify meaningful patterns of relations between sequences of queries that are entered in a
search session and between queries and selected images?

RQ 2 How to apply query modification patterns to improve the support that image search engines offer to
their users?

The hypothesis is that meaningful relations between queries can be identified by combining statistical
information gathered from log files with semantic information. Search logs are automatically collected
when users use a search engine. Large sources of semantic information have recently become freely avail-
able in the form of linked open data [2, 3]. Although the potential of these two data sources is widely
acknowledged, their combination is largely unexplored.

We propose to match the queries that users enter consecutively during a search session to entities in
linked data, thus elevating the queries from meaningless strings to entities of which the semantic relations
to other entities are known. Links between the entities will be exploited to find semantic relations between
the queries. Comparing statistics about the relations between large numbers of query pairs enables us to
identify semantic modification patterns. In the same way, we will use linked data to establish semantic
relations between queries that users enter in the beginning of a session and the images that they select later
on.

Existing approaches for analyzing query modification behavior cannot identify semantic modification
patterns. Automatic analyses of search logs are purely statistical, using only queries that users have en-
tered and clicks they made on search results [16]. Studies employing this type of analysis have classified
query modifications based on the overlap between terms [4, 5, 9, 14, 17, 19, 22, 25, 29]. Term-based
methods can only classify pairs of queries that have at least one term in common and, therefore, cannot de-
termine relations between queries that are semantically related but share no terms, such as George Bush
and Barack Obama. Furthermore, these methods recognize the modification of Venus Williams
to Serena Williams as a case in which a term has been substituted, but not as relation between two
tennis-players or sisters.

In the field of human-computer interaction, a popular means for researching search behavior is to carry
out in-depth studies of the search behavior of a small number of users (e.g. [8, 15]). The (modification)
behavior of the users is examined in laboratory experiments or field studies and the users’ motivations for
the various search steps are revealed through diaries or interviews [20]. In contrast to log analysis, this
type of research can reveal semantic relations between queries. However, it is necessarily restricted to a
small number of users, which makes statistics about the use of the various types of relations unreliable.
Moreover, user studies are costly and time-consuming. Our approach combines the strengths of the two
existing approaches, automatically identifying semantic relations and employing log statistics to determine
the importance of the various types of relations.
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Various authors have advocated the use of term-based modification patterns for enhancing search sup-
port, in particular through suggestions for follow-up queries [14, 17, 25], but so far this has not been
realized. We will take research into query modification a step further by investigating how modification
patterns can be applied to improve support during various phases of information gathering tasks and eval-
uating the support in user studies:

• In the first phase of the search the user (re)formulates a query, translating the information needs
into a textual string. We aim to reduce the number of search iterations by offering suggestions for
follow-up queries. Preliminary results have demonstrated that semantic modification patterns can be
successfully applied for query suggestion [12]. In contrast to existing suggestion methods based on
log data, the pattern-based approach can also generate suggestions for first-time queries. Moreover,
the patterns provide explanations of the relations between the query and the suggestions, which in
other domains has shown to increase the users’ acceptance of system-generated recommendations
[7].

• During the second phase the search engine retrieves a set of images that match the user’s query.
We will investigate under what conditions relations between queries and selected results are usable
for predicting from a user’s initial queries the images that s/he will select later in the session. The
predicted images will be added to the results of the initial queries with the aim of increasing recall
and improving the ranking of the search results.

• The final phase involves presenting the search results to the user. We will use modification patterns to
explain how the search results retrieved relate to the user’s query and to group results by the relations
they bear to the query. We expect that this will simplify the selection of relevant search results for the
users, shortening the time they need to assess whether results are relevant and reducing the number
of clicks on irrelevant results.

• We will personalize the search support for all three search phases by adapting it to the characteristics
of specific user groups. Clustering techniques, such as those in [30], will be used to find groups of
users with similar modifications patterns. This enables us to base the search facilities on patterns of
relevant user clusters instead of patterns of the whole user population, which can reduce the users’
search efforts even further.

Approach

During the first six months of the project we will develop the core method for finding semantic relations
between consecutive search queries. This method matches queries to entities in linked data by examining
the similarity between the queries and the labels of the entities in the linked data. To find the relation
between the queries, it searches the shortest series of links that connect the entities. Graph search tech-
niques will be employed to reduce the complexity of this shortest path problem. For example we match
the query Andre Agassi to the concept http://dbpedia.org/resource/Andre Agassi and the
query Boris Becker to http://dbpedia.org/resource/Boris Becker. Following the relations
in the linked data, we can determine relations between the two concepts, such as that both are men and
both are tennis players. This process is illustrated in Figure 1. Often multiple relations exist between
two entities. Relations that are likely to be important for users are those that occur significantly more fre-
quently between consecutive query pairs than between query pairs from different search sessions, as we
will determine through statistical analysis. Semantic modification patterns will be identified by extracting
important relations that occur in many search sessions. In preliminary experiments this method revealed
many interesting patterns [13].

The linked data that we will use is part of the publicly available data cloud collected in the Linking
Open Data Project [24]. According to the latest estimates this data cloud connects over a hundred data
sources, in total consisting of 4.7 billion RDF triples, where each triple defines a property of an entity or a
relation between two entities [3]. As the data cloud continues to grow, the methods that we develop will be
able to handle more and more different queries.

Previous studies on query modifications were limited to the search logs of one search engine [4, 5, 9,
14, 17, 19, 22, 25, 29]. We will use the search log data of four image search engines: a Dutch and a Belgian
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 query: 'Andre Agassi'
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Figure 1: Example application of our method for finding semantic relations between queries: a relation
between queries Andre Agassi and Boris Becker is that they both match DBpedia entities that are
of WordNet type tennis player.

vendor of historic and news photos, a web site of a Dutch art museum and a portal providing access to many
cultural collections in Europe. These institutes have made their log data available to the research group as
part of longer term collaborations. Having search logs from various partners provides us with the unique
opportunity to compare modification patterns in different data sets and determine which patterns are valid
across different types of image search and which differ among search engines and user populations.

In the second period of six months we will investigate methods to apply semantic modification patterns
for query suggestion. We will evaluate the various approaches using the log data of the four image search
engines. In this stage the suggestions will be evaluated offline by measuring how often the next query of a
user in the log file is among the suggested queries [10].

The second year will be devoted to identifying and exploiting relations between queries and selected
images. We will use terms from the image annotations to match images to concepts in linked data sources.
Patterns of these relations will be used to predict which images will be relevant for later queries and to
add these to the result lists. The effects of the added images on precision and recall will again be assessed
offline.

In the third year we will focus on employing the patterns to improve result presentation. Moreover,
all search facilities developed so far will be subjected to a user study. For this, we will make use of an
existing search engine for cultural heritage content, which is used by a considerable number of real users.
We will incorporate the various facilities into the search engine and offer them as extra support to a random
selection of the search engine’s users. Differences between the search behavior of users with and without
access to the various facilities will allow us to accurately measure the added value of each type of search
support.

The main topic of the final year will be search personalization. We will investigate methods to recognize
user groups with different modification patterns. The search facilities that proved most successful in the
user experiment will be augmented with personalization based on these user groups. The personalization
will be assessed in a second user experiment.

In the end we expect that our methods will improve the efficiency and efficacy of image search by
significantly decreasing the number of iterations users need to fulfill their information needs and increasing
the number of relevant images found.

Time line

Months Topic Deliverables
1-6 method for identifying semantic modification patterns conference paper
7-12 employing patterns for query suggestion journal paper
13-18 method for identifying relations between queries and

search results
conference paper

19-24 employing patterns to improve recall journal paper
25-30 employing patterns to improve search result presentation conference paper
31-36 large scale user evaluation conference and journal paper
37-48 personalization journal paper

One month equals 0.75 person months of work.
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Research environment

The Interactive Information Access Group of the Centrum Wiskunde en Informatica consists of leading
researchers including Dr. Van Ossenbruggen, Prof.Dr.Ir. De Vries, and Prof.Dr. Hardman. The group
combines experience on (image) information retrieval with research on using semantics for information
disclosure. In the context of various international projects and networks, such as Vitalas, EuropeanaCon-
nect, and PetaMedia, the research group has established several lasting collaborations with organizations
that maintain image search engines. These collaborations enable us to work with the search log data of
large numbers of real users. Moreover, contacts within these institutes provide a platform to discuss the
demands of real image providers and for getting feedback on our solutions. On the topic of using semantics
in search the group closely collaborates with the VU Web and Media Group. This collaboration has yielded
an award-winning prototype [26], which will serve as a platform on which our results will be evaluated.

2b. Research impact
As increasing numbers of images are becoming available in digital image repositories, methods for efficient
disclosure of the repositories are urgently needed. The proposed research contributes to the disclosure of
digital image collections by making use of the feedback that is implicitly provided when people are using
the system. In order to carry out our studies we need data sets and log files, which are available for cultural
heritage archives and commercial image providers. However, the proposed methods are by no means
restricted to these domains: semantic modification patterns have the potential to enhance search in a wide
variety of visual collections, in particular where domain knowledge is available in the form of thesauri.

Cultural heritage archives

At present almost all cultural heritage institutes (museums, archives, libraries) have digitized or are in the
process of digitizing the contents of their paper archives. The images are often annotated with terms from
domain-specific thesauri. In various large scale projects collections and thesauri of different archives are
being connected to each other and to general purpose ontologies, allowing users to search through even
larger image collections. The collections are queried by both amateurs and professionals users, such as
art historians and museum curators. Queries of professional users tend to be broad and complex, demand-
ing more advanced search techniques than the simple keyword matching offered by most existing search
facilities [1, 11].

Our research provides the technologies needed to develop search facilities that help users to answer
complex questions faster and more easily. Suggestions for related concepts help users to broaden their
search. Explicit explanations for the relations between queries and search results allow users to recognize
the relevance of non-obvious results. The specialized thesauri available in the domain, linked with general
purpose lexical resources such as WordNet, enable us to provide support for both queries with domain-
specific terms and queries with layman terminology.

We apply our methods to the search logs of the search engines of two cultural heritage archives that
have made their log data available to the research group: a Dutch art museum and a portal providing access
to many European cultural collections. If the results of the evaluation of the created search support is
positive, we expect, based on our collaborations with the institutes, that the institutes will incorporate the
support in their search engines.

Commercial image providers

Commercial image providers offer vast collections of stock images related to a multitude of topics, such as
historical events, news and sports. New content is constantly added to the collections and new topics are
emerging all the time. Users have diverse backgrounds and purchase images for a variety of applications.
As a result, the system is constantly confronted with users with new information needs, formulating queries
that not have been entered before and searching for newly added images.

The dynamic nature of the collection makes the domain unsuitable for search facilities that rely on
statistics about the use of individual images and queries. The semantic modification patterns that we
identify describe the search behavior of the users on a higher level of abstraction, which makes search
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facilities based on these patterns robust against changes in content and queries. Personalization techniques
that we develop enable us to deal with the diversity in the user population.

Search logs of a vendor of historic photos and a vendor of news photos will be used to test our tech-
niques in the domain of commercial image providers. To these companies the developed techniques are of
direct commercial value, as they enable their customers to search the collections more effectively.

Other potential application areas

Medical image collections contain a wealth of information relevant for health-care professionals as well as
patients. The collections are growing rapidly due to images collected through daily clinical routines, which
heightens the need for effective search support. The medical domain is characterized by a large number
of synonyms and a large diversity between terms used by laypeople and medical specialists. As image
collections are usually annotated with terms from only one vocabulary, queries using other terminologies
often yield no results. Another difficulty is that a dense network of relations exists between medical con-
cepts, many of which are not immediately clear to non-experts. Not showing images annotated with related
concepts deprives the user of many potentially useful results. On the other hand, showing all related im-
ages makes it difficult for users to understand why the images presented are relevant. Medical ontologies
combined with automatically collected log data from search engines for medical images enable the imple-
mentation of search facilities based on semantic modification patterns. These facilities provide adequate
solutions for the search problems in this domain. Through medical ontologies we can match laypeople’s
terms with highly specialized terms, enabling us to generate query suggestions that help users to find terms
that match the vocabulary of the collection. Furthermore, our methods provide explanations for relations
between the user’s query and the images that are retrieved.

The rise of digital cameras and affordable storage solutions has dramatically increased the amount
of image material in personal picture collections. The images in these collections are usually sparsely
annotated and the annotations that exist use inconsistent terminologies. One collection often contains
many images from the same event or on the same topic. Users searching in their personal collections often
want all images on one topic, demanding high recall. This is difficult with the existing search engines as
they are mostly focused on precision. The methods that we develop in this project can enhance recall as
they facilitate finding images annotated with a terminology different from the user’s query and broadening
of search to closely related topics.

The techniques that we develop can also be generalized to other media, such as video. Also in video
collections, searchers experience considerable difficulties formulating adequate queries and need to try var-
ious queries before they find what they need [18]. We provide methods to analyze these query modifications
and use this information to assist users during their search.

2c. Number of words used:
Section 2a: 1998 words (maximum number of 2000 words)
Section 2b: 993 words (maximum number of 1000 words)

2d. Any other important remarks with regard to this application
-

2e. Literature references

[1] Alia Amin, Jacco van Ossenbruggen, Lynda Hardman, and Annelies van Nispen. Understanding
cultural heritage experts’ information seeking needs. In Proceedings of the 8th ACM/IEEE-CS Joint
Conference on Digital libraries, Pittsburgh PA, USA, pages 39–47, 2008.

[2] Tim Berners-Lee. Linked data: Design issues. http://www.w3.org/DesignIssues/LinkedData.html,
2006. last accessed November 5, 2009.

7



[3] Christian Bizer, Tom Heath, and Tim Berners-Lee. Linked data - the story so far. International
Journal on Semantic Web and Information Systems, Special Issue on Linked Data, in press.

[4] Paolo Boldi, Francesco Bonchi, Carlos Castillo, and Sebastiano Vigna. From ‘dango’ to ‘japanese
cakes’: query reformulation models and patterns. In Proceedings of the 2009 IEEE/WIC/ACM Inter-
national Joint Conference on Web Intelligence and Intelligent Agent Technology, Milan, Italy, pages
183–190, 2009.

[5] Peter Bruza and Simon Dennis. Query reformulation on the internet: empirical data and the hyper-
index search engine. In Proceedings of the RIAO’97 Conference on Computer-Assisted Searching on
the Internet, Montreal, Canada, pages 488–499, 1997.

[6] Chun Wei Choo, Brian Detlor, and Don Turnbull. Working the web: an empirical model of web use.
In Proceedings of the 33rd Hawaii International Conference on System Sciences-Volume 7, 2000.

[7] Henriette Cramer, Vanessa Evers, Satyan Ramlal, Maarten Someren, Lloyd Rutledge, Natalia Stash,
Lora Aroyo, and Bob Wielinga. The effects of transparency on trust in and acceptance of a content-
based art recommender. User Modeling and User-Adapted Interaction, 18(5):455–496, 2008.

[8] Efthimis N. Efthimiadis. Interactive query expansion: a user-based evaluation in a relevance feedback
environment. Journal of the American Society for Information Science, 51(11):989–1003, 2000.
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3. Cost estimates

3a. Budget
Staff costs: (in k¤ incl. surcharge)

FTE Nr. of
months

Year 1 Year 2 Year 3 Year 4 TOTAL

Applicant 0.75 48 47.1 48.7 50.2 51.7 197.7
Support staff

Staff costs: (in k¤ incl. surcharge)
Year 1 Year 2 Year 3 Year 4 TOTAL

Equipment 2.0 2.0
Travel and subsistence 6.0 6.0 6.0 6.0 24.0
TOTAL 55.1 54.7 56.2 57.7 223.7

3b. Indicate the time (percentage of fte) you will spend on the research
0.75 fte (= 100% of employment)

3c. Intended starting date
November 1, 2010

3d. Have you requested any additional grants for this project either from NWO or
from any other institution?
no

3e. Has the same idea been submitted elsewhere
no
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4. Curriculum vitae

4a. Personal details
Title(s), initial(s), First name, surname: Dr., V., Vera, Hollink
Male/female: female
Date and place of birth: November 13, 1980, Haarlem, The Netherlands
Nationality: Dutch
Birth country of parents: The Netherlands

4b. Master’s (‘doctoraal’)
University/College of Higher Education: Universiteit van Amsterdam
Date (dd/mm/yy): 13/12/02
Study/main subject: Artificial intelligence with specialization language and logic

4c. Doctorate
University/College of higher education: Universiteit van Amsterdam
Date (dd/mm/yy): 31/01/08
Supervisor(‘Promotor’): Prof.Dr. B. J. Wielinga
Title of Thesis: Optimizing hierarchical menus: A usage-based approach

4d. Use of extension clause
no

4e. Current employment
Postdoctoral researcher at the Interactive Information Access Group of the Centrum Wiskunde en Infor-
matica. Fixed term contract: 3 years, 0.7 fte.

4f. Work experience since graduating
March 2009 - present Postdoctoral researcher

Centrum Wiskunde en Informatica
0.7 fte, fixed term

September 2007 - February 2009 Postdoctoral researcher
University of Amsterdam
0.9 fte / 0.7 fte, fixed term

February 2003 - August 2007 Doctorate research
University of Amsterdam
1 fte / 0.9 fte, fixed term
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4g. Man-years of research
Period Position Man years/months
February 2003 - January 2005 1 fte 2 years
February 2005 - August 2007 0.9 fte minus 4 months sick-leave 2 years
September 2007 - June 2008 0.9 fte 9 months
July-October 2008 maternity leave
November 2008 - December 2009 0.7 fte 9 months
Total 5 years and 6 months

Since November 2008 I have worked 0.7 fte to combine work with care for my child.

4h. Brief summary of research over the last five years
My research aims at enhancing the efficiency and efficacy of information search. It has always been
strongly interdisciplinary, combining a human-computer interaction perspective with techniques from in-
formation retrieval and machine learning. Although my ultimate goal is to automatically build search
support tools, understanding how users interact with information systems is a large aspect of my work.
This perspective ensures that all developed methods for supporting information search are firmly grounded
in realistic models of user behavior. Among the most important outcomes of my research are several novel
techniques for analyzing user behavior recorded via interaction logs.

My Ph.D. research focused on web browsing. I developed techniques for analyzing browsing behavior,
especially in hierarchical link structures. In addition, I presented methods to automatically improve link
structures based on the outcomes of the analyses. The effectiveness of the techniques was proven in a
series of user experiments. Moreover, for this project I collaborated with researchers from TNO Quality
of Life, who incorporated part of the developed technology in a professional health care web site. In my
first postdoc project I moved from support for web users to supporting web site authoring. I developed a
system to automatically compare contents of web sites, which combined machine learning with information
retrieval techniques. In my current postdoc position I extend my Ph.D. work from browsing to keyword
search. I analyze how users translate their information needs into search queries and use this information
to create tools that support users with the search.

4i. International activities
Visiting researcher:

• School of Computing and Mathematics, University of Ulster, January-June 2004. Conducted as part
of my Ph.D. research under the supervision of Dr. S.S. Anand on the subject of predicting web
navigation behavior.

Program Committee member:

• The First International Conference on Adaptive and Self-adaptive Systems and Applications, 2009.

Reviewer International Journals:

• User Modeling and User Adapted Interaction

• World Wide Web Journal

4j. Other academic activities
Undergraduate supervisor:

• 3 M.Sc theses 2005-2006

• 3 B.Sc theses 2003-2008.
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Lecturer:

• Graduate course on Internet Information, together with Dr. C. Monz, University of Amsterdam, 2010

• Graduate course on Machine Learning, together with Dr. M. van Someren, University of Amsterdam,
2003 and 2004.

4k. Scholarships, grants and prizes
Marie-Curie scholarship within PERSONET to visit the School of Computing and Mathematics, University
of Ulster, 2004.
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5. Publications

Theses
• V. Hollink. Optimizing Hierarchical Menus: A Usage-based Approach. Ph.D. thesis, University of

Amsterdam, Amsterdam, The Netherlands, 2008.

• V. Hollink. Algoritmes voor Pronoun Resolutie: Een Vergelijkende Studie en een Aanzet tot een
Nieuwe Statistische Methode. Master thesis, University of Amsterdam, Amsterdam, The Nether-
lands, 2002.

International refereed journals
• V. Hollink, M. van Someren and B. J. Wielinga. A Semi-Automatic Usage-Based Method for Im-

proving Hyperlink Descriptions in Menus. International Journal of Human-Computer Studies 67,
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