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Preface

Since the 1990s, the interest in the notion of context in Information Access, Seeking and
Retrieval increased. Many researchers have been concerning with the use of context in
adaptive, interactive, personalized or collaborative systems, the design of explicit and
implicit feedback techniques, the investigation of relevance, the application of a notion
of context to problems like advertising or mobile search.

These proceedings include the contributions to the 2nd International Workshop on Con-
textual Information Access, Seeking and Retrieval Evaluation (CIRSE), held in conjunc-
tion with ECIR-2010, Milton Keynes, UK, March 28th, 2010. The submitted papers were
peer-reviewed by the members of the Programme Committee. Selection was based on
originality, clarity, and technical quality. The abstracts of two keynotes are also included.
The keynotes are by:

• Stephen Robertson
Microsoft Research, Cambridge, and City University, London, UK

• Ian Ruthven
University of Strathclyde, Glasgow, UK

The previous edition of this workshop held in Toulouse (CIRSE 2009) and other work-
shops and conferences, i.e. IR in Context (IRiX, 2005), Adaptive IR (AIR, 2006, 2008),
Context-based IR (CIR, 2005, 2007) and Information Interaction in Context (IIiX, 2006,
2008) gathered researchers exploring theoretical frameworks and applications which have
focussed on contextual IR systems. An important issue which gave raise to discussion has
been Evaluation. It is commonly accepted that the traditional evaluation methodologies
used in TREC, CLEF, NTCIR and INEX campaigns are not always suitable for con-
sidering the contextual dimensions in the information seeking/access process. Indeed,
laboratory-based or system oriented evaluation is challenged by the presence of con-
textual dimensions such as user interaction, profile or environment which significantly
impact on the relevance judgments or usefulness ratings made by the end user. There-
fore, new research is needed to understand how to overcome the challenge of user-oriented
evaluation and to design novel evaluation methodologies and criteria for contextual in-
formation retrieval evaluation.

The CIRSE workshop series aims to have a major impact on future research by bring-
ing together IR researchers working on or interested in the evaluation of approaches to
contextual information access, seeking and retrieval to foster discussion, exchange ideas
on the related issues. The main purpose is to bring together IR researchers, to promote
discussion on the future directions of evaluation.

The Workshop Organisers

Bich-Liên Doan, Supélec, France, Bich-Lien.Doan@supelec.fr
Joemon Jose, University of Glasgow, UK, jj@dcs.gla.ac.uk
Massimo Melucci, University of Padua, Italy, melo@dei.unipd.it
Lynda Tamine-Lechani, IRIT, France, Lynda.Lechani@irit.fr
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On queries and other messages

Stephen Robertson
Microsoft Research Cambridge

7 J J Thomson Avenue
CB3 0FB Cambridge, UK
ser@microsoft.com

ABSTRACT
There are three parts to this talk – related in rather tangen-
tial ways. First, I will give a recap of an argument developed
in a couple of earlier talks – at IIiX in 2008 and at the SIGIR
evaluation workshop in 2009. The gist of the argument is
about thinking about IR as a science, and the consequences
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for both theory and experimentation in the field. The sec-
ond makes use of some ideas from general systems theory
and the notion of open systems, and applies these ideas to
information retrieval and the task context of search. The
third discusses the status of queries in the current search
world, and suggests two new ways to think about queries.
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But where do we go from here?

Ian Ruthven
University of Strathclyde

Department of Computer and Information Sciences
ian.ruthven@cis.strath.ac.uk

ABSTRACT
Contextual information retrieval has promised much and has
produced interesting ideas and new systems developments.
Although there has been much discussion on the evaluation
of context-free information retrieval systems, there has been
far less discussion on the challenges of evaluating contextual
systems.
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In this presentation I will step back from the debates
about specific methodologies to argue for approaches that
acknowledge the context of use of IR systems and the con-
text of information itself. I shall pose some challenges for
contextual IR evaluation based on the context in which our
systems are deployed in real-life situations and give a per-
sonal view on some useful evaluation directions.
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ABSTRACT
This paper presents an experiment and analysis system frame-
work that allows researchers to design and conduct inter-
active experiments and analyze data for the evaluation of
contextual relationships.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous

Keywords
Context Evaluation, Information System, Data Analysis

1. INTRODUCTION AND BACKGROUND
In the last decade, context-aware computing has made much
effort to formalize context[3], describe general context mod-
els[7] and develop systems that apply such models in dif-
ferent application domains [5] – such as mobile computing
(e.g. tourism and recreation [16, 11]). There is, however,
only limited research about the experimental evaluation of
context, particularly about the effects of various contextual
attributes and their interaction. This gap is beginning to be
addressed with several workshops and conferences [9, 8, 12,
2].

Rigorous experimentation in this domain presents challenges
in that such experiments are generally difficult to adminis-
ter and demanding in resources [6, 10]. Although software
frameworks for contextual enrichment of applications exist
[13, 4] there is generally little system-related support for
comprehensive evaluation of context attributes and models.
This paper presents a system framework that provides re-
searchers with a tool to: 1) design and conduct experiments

CIRSE ’10 Milton Keynes, UK

for the evaluation of particular contextual attributes and
2) integrate data and analyze results to better understand
contextual relationships. The framework promotes an inter-
active and task-oriented viewpoint that is supported by a
wide range of logging tools.

Section 2 reviews the system architecture consisting of the
experiment and the analysis system. Section 3 describes
how the architecture supports researchers to investigate and
evaluate contextual relationships. Section 4 discusses the
current state of the system and future plans for its dissemi-
nation.

2. SYSTEM FRAMEWORK
The system framework is part of a project deliverable1 that
aims to investigate ways to improve users’ ability to find in-
formation in search environments such as digital libraries. In
particular we analyze various interacting contextual factors
that are involved in such online search activities. Despite
our focus, results are expected to contribute to a much wider
range of application environments such as mobile search and
recommender systems.

2.1 Overview
The overall aim of our framework is to reduce the complex-
ity of designing and conducting experiments and integrating
and analysing results from experiments for the evaluation
of contextual relationships as usually expressed in user and
context models. Such experiments usually require a complex
arrangement of system components (e.g. GUI, user manage-
ment and persistent data storage). Our framework enables
researchers to focus on research related issues (e.g. task and
questionnaire design and the selection of experiment vari-
ables) rather than the creation of the experiment logic and
the transformation, integration and the processing of data
and results after the experiment has been completed. This
helps to reduce the overall time and effort that is needed to
design and conduct experiments and to get valuable results
about contextual relationships from experiment data. As
shown in figure 1, the system framework consists of two parts

1http://comminfo.rutgers.edu/imls/poodle/
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Figure 1: Components of the experiment and analysis system framework

– 1) an experiment system that allows researchers to design
and conduct interactive experiments in close-to-operational
application environments and 2) an analysis system that en-
ables them to integrate and analyze results obtained from
such experiments.

2.1.1 Experiment System
The experiment system, described in more detail in [1], in-
cludes a number of components.

The GUI provides authenticated login for participants, their
assignment to one or more experiments and basic naviga-
tional support during an experiment. The Experimenter
controls and coordinates an Extensible Task Framework that
offers researchers a set of reusable tasks that can be used for
creating experiments (e.g. standard open web search tasks).
Own tasks can also be added to this collection. Furthermore,
the Experimenter manages Task Progress and Control that
balances task sequences, monitors the progress of partici-
pants including the safe recovery of interrupted sessions. In
addition, the Interaction Logger with Remote Logging pro-
vides a mechanism for tasks to log contextual information
internally at specific points during an experiment task and
to call external logging applications on the client. This al-
lows creating more effective experiments that may include
different kinds of contextual data logging on both server
and the client side. Whereas the server has a central log-
ging facility, the client consists of a flexible and expandable
array of independent loggers. Currently, these loggers ob-
serve the most commonly known user behaviours – keyboard
and mouse activities, web navigation, usability information
from Morae2 and eye-tracking data from Tobii3. This list
can easily be expanded with other (existing or new) logging

2http://www.techsmith.com
3http://www.tobii.com

tools that cover additional contextual information from the
user or the user’s environment. Examples may include lo-
cation information (e.g. geographic position or proximity to
points of interest) or physiological states of the user (e.g.
heart rate or Galvanic skin response). Logging information
is either stored in an experiment database through the DB
Interface or in application-specific log files.

2.1.2 Analysis System
The analysis system serves as an extension of the experiment
system with additional features to integrate experiment data
into a unified data structure. Researchers can inspect and
explore these data sets and segment and model results to
gain a better understanding of contextual relationships. The
analysis system consists of the following components:

• The Event Representation integrates experiment data
through the Event Reader Interface into a unified event
data structure. This data structure is extensible and
the collection of event readers mirror the logging tools
provided with the experiment system as described in
the previous section. An extensible set of event types
ensures that researchers can adapt and extend the anal-
ysis framework to process data from a variety of ex-
periments under a single platform. This ensures that
additional logging tools can be introduced through the
experiment system to capture additional types of user
context either through the logging of high-level user
behaviour or through the application of low-level sen-
sors as described in [14].

• Event Reader Import Rules can be used to configure
event readers and therefore adapt the data import pro-
cess. Such rules can for example be applied to add
additional filters for event readers (e.g. excluding web

6



events with certain URLs) or providing standard vali-
dation (e.g. tagging certain events as problematic thus
flagging results for manual inspection).

• Data Segmentation divides experiment data into se-
mantic units guided by research hypotheses. The sys-
tem framework provides a standard minimal segmen-
tation by distinguishing data based on experiments,
users and tasks. The research can add additional lev-
els of data segmentation to structure data in smaller
logical units. A segmentation can for example differ-
entiate interaction data based on users’ current stage
in a search task (e.g. distinguishing users’ task stages
of query formulation, result page inspection and con-
tent page viewing) or, more generally, data can be
segmented along low-level decision points (e.g. mouse
clicks and/or key strokes).

• Model Representation processes (segmented) event se-
quences to test specific research hypotheses i.e. ver-
ifying effects of context attributes and relationships
between them (e.g. identifying users’ perceived useful-
ness of content and determining reading behaviour).
Other data segmentations and model representations
can be added by researchers to further specialize the
system framework for particular types of analysis.

• The Web-based User Interface extends the system to
an online service where researchers can generate, in-
spect and share event representations, data segmen-
tations and models within one or across multiple ex-
periment data sets. These are stored through a DB
Interface that persists both event and model repre-
sentations into separate databases for later reuse. The
user interface supports authenticated login to allow the
system to be used as part of a collaborative research
platform.

3. CONTEXT EVALUATIONWITH THE
SYSTEM FRAMEWORK - BENEFITS
AND LIMITATIONS

The system design incorporates many aspects useful for the
evaluation of contextual relationships from data obtained in
interactive and task-based experiments. This section sum-
marizes these aspects, shows how they relate to the sys-
tem framework, points out how they can help researchers to
evaluate context, and expresses limitations that should be
considered.

• Modularity: Context models may cover a wide range
of attributes based on dimensions such as the applica-
tion environment (e.g. library or mobile environment)
and the intended user group (e.g. professional jour-
nalists or online web searchers) as well as others. The
system framework supports this requirement in a num-
ber of ways. First, a modular and multi-dimensional
logging framework within the experiment system can
record behavioural data from the user and sensory data
from the user’s environment. Second, these multi-
dimensional data streams can be integrated into a uni-
fied stream of events within the analysis system. Third,
this event stream can be treated holistically through

segmentation, as a tool for data categorization and
conditioning, and through modelling to investigate and
discover contextual relationships.

• Extensibility: As an extensible framework with respect
to contextual logging tools (in the experiment sys-
tem) and readers, rules, segmentations and models (in
the analysis system) the framework offers researchers
ways to adapt and extend it to their own require-
ments and research agendas. These extensions how-
ever require additional, customizing implementation
work by the user of the system framework; for example
adding another logging tool to measure a new contex-
tual aspect from the user also requires implementing
the corresponding event representation and an addi-
tional reader to import the new data log. Such proce-
dures, however, are guided through the application of
programming interfaces and supported with examples
that are available in open source as part of the project.
This is not much different from other extensible soft-
ware frameworks such as WEKA [15].

• Separation between data and modelling: Data (in the
form of low-level event representations) is separated
from its interpretation (in the form of high-level seg-
mentations and models). Thus, it is possible to gener-
ate multiple, alternative context models from the same
underlying events that can each be evaluated in isola-
tion. This also allows user and context models to be
reused for different data segments from one or across
multiple experiments.

• Collaboration is central to the design and has been sup-
ported in both parts of the system framework. The ex-
periment system allows researchers to implement and
share experiment tasks thus building a collaborative
repository (e.g. internet search tasks, tag cloud search,
standard questionnaires for language understanding and
various cognitive tests). Likewise, configurations for
behavioural and contextual logging tools can be cre-
ated and reused across different experiments and shared
between researchers. The analysis system offers a meet-
ing platform through its web-based user interface. Data,
segmentations and models can be configured, integrated
and shared between researchers allowing collaborat-
ing with data and ideas and forming virtual research
groups. Researchers can create and exchange inte-
grated event data sets from experiments specific to
the needs of individuals or groups (e.g. event data
limited to a subset of experiment participants, exper-
iment tasks or types of context such as web activity
or eye movement). Shared data sets can then be ap-
plied for further data segmentation (e.g. selecting only
particular user activities or contextual states, such as
query input or reading behaviour). An extensible pool
of models can be applied to such segments and ac-
cessed collaboratively. Basic summary visualizations
are available and findings can be exported allowing re-
searchers to further process data with third-party tools
and apply results (e.g. integrating a learned context
model in a personalized desktop search application).

7



4. CURRENT STATEANDFUTUREPLANS
A prototype of the experiment system has has been designed
and developed with active work on improving logging com-
prehensiveness (especially for contextual, sensor-based log-
ging) and scalability. The experiment system has already
been applied to design and conduct four experiments each
with distinctive design and goals for our research project. In
those experiments we have collected rich contextual informa-
tion for the basic investigation of relationships between use
behaviour and various user context attributes such as cog-
nitive abilities and individual differences, reading and scan-
ning behaviour and perception of usefulness during online
search. The analysis system has been designed and the mod-
elling and user interface is in active development. The exper-
iment system framework has been released as open source4.
The analysis system will be released as open source when it
is feature complete and stable. Both of these systems can
benefit the research community by allowing for collabora-
tion between researchers and enabling additional improve-
ments and extensions to better serve the needs of context
researchers.

Acknowledgements: This work is supported by IMLS
grant LM-06-07-0105-07.
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ABSTRACT
We discuss the issue of evaluating our context-based person-
alized mobile search approach with a methodology based on
a combination of two evaluation approaches: context simu-
lation and user study. Our personalized approach aims at
exploiting some context-aware user profiles through a per-
sonalized score to re-rank initial search results obtained from
a standard search system. We use Yahoo!’s open search web
services platform BOSS 1 as a baseline. The context simu-
lation allows us to simulate user locations and their related
user interests. The user study involves real users who give
their relevance judgments to the top 20 documents returned
by yahoo and by our approach through an assessment tool
available on the web platform OSIRIM2. The experimental
results show the effectiveness of our personalized approach
according to the proposed evaluation protocol.

Categories and Subject Descriptors
H.3.3 [Information Search and Retrieval]: Relevance
feedback

Keywords
mobile search, context, user profile, evaluation protocol

1. INTRODUCTION
The proliferation of mobile technologies such as (PDAs and
mobile phones, . . . ) and, with them, of mobile users, have
moved the static world of classical and Web IR towards an
always changing context-based world. The notion of con-
text, roughly described as the situation the user is in, is
exploited in the development of new IR systems. Starting
from considering only a low number of contextual features

1http://developer.yahoo.com/search/boss/
2https://osirim.irit.fr developed at IRIT lab

(location, time and interests), such systems are faced to a
new challenge for IR, that is how those contextual data can
enhance user satisfaction. Another important issue is how to
evaluate the strategies and techniques involved in these new
systems. It is commonly accepted that the traditional evalu-
ation methodologies used in TREC, CLEF and INEX cam-
paigns are not always suitable for considering the contex-
tual dimensions in the information access process. Indeed,
laboratory-based or system oriented evaluation is challenged
by the presence of contextual dimensions such as user profile
or environment which significantly impact on the relevance
judgments or usefulness ratings made by the end user [17].
To alleviate such limitations, contextual evaluation method-
ologies have been proposed to support simulated user profile
through contextual simulations [16] or real evaluation sce-
narios through user studies [5].
As an initial approach, yet allowing meaningful observations,
we present here, the evaluation protocol aiming to evalu-
ate empirically the performance of a novel context-based
personalized mobile search system. For this purpose, we
compare the performance of retrieval: without personaliza-
tion and with personalization. We compare our approach to
the results obtained from yahoo BOSS web search service,
which did not implement itself any personalization capa-
bility. This paper discusses the methodology adopted and
presents the results obtained. We first briefly survey IR eval-
uation methodologies in mobile contexts (Sec. 2). We then
presents our approach for mobile search personalization, and
introduce our contextual IR evaluation protocol (Sect. 3).
Finally, we conclude and give perspectives for future works.

2. EVALUATION OF IR IN MOBILE CON-
TEXTS

Context-awareness in mobile IR focuses on context models
including user profiles and environmental data (time, loca-
tion, near persons, device and networks). The state-of-the-
art highlights that significative theoretical and technolog-
ical progress has been achieved in this area over the last
few years, encouraged by the growing interest to co-located
human-human communications and large scale location-based
applications ([10, 15]). In the development of an IR system
for mobile environments, evaluation plays an important role,
as it allows to measure the effectiveness of the system and to
better understand problems from both the system and the

Appears in the Proceedings of The 2nd International Workshop on Contex-
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user interaction point of view. However, evaluation remains
challenging because of the main following reasons ([4, 11]):
1) environmental data should be available and several usage
scenarios should be evaluated across them, 2) evaluation,
if present, concerns a specific application (eg.tourist guide),
generalization to a wide range of information access applica-
tions is difficult. Both user-centered and benchmark evalua-
tion approaches are adopted. However, as mobile IR systems
are strictly related to users and their environment, the user-
centered evaluation live (user studies [3, 14, 8]) or in labo-
ratory (context-simulation framework [4, 9]) seem to be the
most natural one. In [8] for example, a user-centered, iter-
ative, and progressive evaluation has been adopted combin-
ing IR evaluation methods with human-computer interac-
tion development techniques. The authors consider mainly
the following guidelines: involve the right participants that
are either current users or likely future; choose the right sit-
uations considering the different aspects of the environment;
set relevant tasks that make participants seek information
and are in accordance with situations that have been iden-
tified; use relevant evaluation approach and measures ac-
cording to the different sub-goals (effectiveness, usability)
within the overall objective evaluation. The main limita-
tions introduced by user studies is that experiments are not
repeatable and that they induce an extra costs. Within the
mobile IR field, a benchmark evaluation has been used in
[13, 12], they demonstrated the efficacy of the benchmark
approach to evaluate an early stage of their system.

3. EVALUATIONOFOURCONTEXT-BASED
PERSONALIZED SEARCH

In this section, we first introduce our context-based per-
sonalized approach for mobile search, we then present our
evaluation protocol devoted for our proposed approach.

3.1 Situation-aware user profile
Our context-aware approach to personalize search results
for mobile users [2] aims to adapt search results according
to user’s interests in a certain situation. A user U is repre-
sented by a set of situations with their corresponding user
profiles (interests), denoted : U = {(Si, Gi)}, where Si is a
situation and Gi its corresponding user profile. A situation
Si refers to the geographical and/or temporal context of the
user when submitting a query to the search engine. User
profiles are built over each identified situation by combining
graph-based query profiles. A query profile Gs

q is built by
exploiting clicked documents Ds

r by the user and returned
with respect to the query qs submitted at time s. First a
keyword query context Ks is calculated as the centroid of
documents in Ds

r :

Ks (t) =
1

|Ds
r |

∑
d∈Ds

r

wtd . (1)

Ks is matched with each concept cj of the ODP3 ontology

represented by single term vector
→
cj using the cosine sim-

ilarity measure. The scores of the obtained concepts are
propagated over the semantic links as explained in [6]. We
select the most weighted graph of concepts to represent the
query profile Gs

q at time s. The user profile G0
i , within each

identified situation Si, is initialized by the profile of the first

3The Open Directory Project (ODP): http://www.dmoz.org

query submitted by the user at the situation Si. It is up-
dated by combining it with the query profile Gs+1

q of a new
query for the same situation, submitted at time s + 1. A
case-based reasoning approach [1] is adopted for selecting a
profile Gopt to use for personalization according to a new
situation by exploiting a similarity measure between situ-
ations as explained in [2]. Personalization is achieved by
re-ranking the search results of queries related to the same
search situation. The search results are re-ranked by com-
bining for each retrieved document dk, the original score re-
turned by the system scoreo(q

∗, dk) and a personalized score
scorec(dk, Gopt) obtaining a final scoref (dk) as follows:

scoref (dk) = γ ∗ scoreo (q∗, dk) + (1 − γ) ∗ scorec

(
dk, Gopt)

(2)
Where γ ranges from 0 to 1. Both personalized and original
scores could be bounded by varying the values of γ. The
personalized score scorec(dk, Gopt) is computed using the
cosine similarity measure between the result dk and the top
ranked concepts of the user profile Copt as follows:

scorec

(
dk, Gopt) =

∑
cj∈Copt

sw (cj) ∗ cos

(→
dk,

→
cj

)
(3)

Where sw (cj) is the similarity weight of the concept cj in
the user profile Gopt.

3.2 Evaluation of contextual personalization
In the absence of a standard evaluation framework, a for-
mal evaluation of contextualization techniques may require
a significant amount of extra feedback from users in order
to measure how much better a retrieval system can perform
with the proposed techniques than without them. In this
case, the standard evaluation measures from the IR field re-
quire the availability of manual content ratings with respect
to query relevance and specific user preference (i.e., con-
strained to the context of his search). For this aim we build
a testbed consisting of a search space corpus, a set of queries,
and a set of hypothetic context situations. A user study was
conducted, participants were asked to provide ratings, in a
blind test, for two retrieval scenarios: 1) top 20 documents
returned by Yahoo BOSS, 2) top 20 documents returned by
our personalized approach. In the following, we describe our
experimental data sets and our evaluation protocol.

3.2.1 Contexts and Queries
Since the contextualization techniques are applied as the
time goes, we have defined a set of six short use cases as
part of the evaluation setup. Each use case is composed of
a set of queries within a given geographical context, and a
narrative describing the relevance of a document regarding a
query and a geographical context. We have simulated a set
of six geographical contexts defined by a location type (zoo,
music store, cinema, library, garden and museum). We have
created a set of totally 25 different queries, 5 queries be-
longing to each geographical context. Since mobile search
queries are known to be short (and thus ambiguous), our
queries are generally short (query length ≤ 3) and some
of them are consequently ambiguous (eg. jaguar) and are
tested within different geographical contexts (eg. the query
”water lilies” is tested within the two contexts ”garden” and
”museum”), totalizing a number of 30 queries within the six
contexts. Our goal was to verify whether the consideration
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of geographical contexts and user profiles can enhance the
performance of the search engine to respond to such ambigu-
ous queries. Table 1 gives an example of the use case of the
context museum.

3.2.2 Document collection
The document collection consists of a set of about 3750 web
pages retrieved from the web by yahoo BOSS as response
to our set of queries. It is built by collecting the 150 first
retrieved documents per query.

3.2.3 User profile
The user profiles are integrated in the evaluation strategy
according to a simulation algorithm that generates them us-
ing hypothetic user interactions for each query. They are
constructed based on a manual judgments of the <query,
narrative, document> tuples for all the document in the col-
lection. These, so built profiles, simulate user click-through
data.

3.2.4 Evaluation protocol
Our experimental design consists of evaluating the effective-
ness of our personalized approach when using the user profile
in the IR model over a sequence of user contexts. In the ab-
sence of an initial score of the document results list of yahoo
BOSS, the re-ranking procedure is done based only in the
personalized score (ie. γ = 0 in equation 2). The evaluation
scenario is based on the k-fold cross validation like in [7]
explained as follows:

• for each use case, divide the query set into k equally-
sized subsets, and using k−1 training subsets for learn-
ing the user interests and the remaining subset as a test
set,

• for each query in the training set, an automatic pro-
cess generates the associated profile based on its top n
relevant documents listed in the manually constructed
relevance judgments file.

• update the user profile concept weights across the queries
in the training set and use it for re-ranking the search
results of the queries in the test set.

In order to evaluate the performance of our proposed ap-
proach, a user study is conducted to compare the 20 top
ranking output of our approach and of Yahoo BOSS. Using
an assessment tool available on the web platform OSIRIM,
six users who participated to the experiment were asked to
judge each tuple <query, document, narrative> within the
20 top ranking output of both our approach and of Yahoo
BOSS. Participants were unaware of the system they judge.
Relevance judgments have been made using a three level
relevance scale: relevant, partially relevant, or not relevant.

3.3 Results and Discussion
We evaluate the effectiveness of the personalized search over
the six use cases and we compare the obtained results to
the initial ones from Yahoo BOSS. To better estimate the
quality of the search results at the top of the ranked list
(since mobile users are unlikely to scroll long lists of re-
trieved items), we estimate the DCG@10 for all the queries.

Figure 1: DCG@10 comparison between our person-
alized search and Yahoo BOSS over all queries

Table 2: Average Top-n precision comparison be-
tween our personalized search and Yahoo BOSS over
all queries

Average precision over all queries at:
P@5 P@10 P@15 P@20

Yahoo BOSS 0,37 0,39 0,38 0,36
Our model 0,70 0,64 0,59 0,55
Improvement 87,50% 63,56% 53,49% 50,92%

Figure 1 compares the effectiveness obtained by the initial
yahoo search lists and the re-ranked ones obtained by our
approach over all the queries. We observe that in general,
our approach enhances the initial DCG@10 obtained by the
standard search and improve the quality of the top search
results lists. We have also computed the percentage of im-
provement of personalized search comparatively to the stan-
dard search computed at different cut-off points P@5, P@10,
P@15 and P@20 averaged over all the queries. Results are
presented in Table 2. Results prove that personalized search
achieves higher retrieval precision of almost the queries in
the six simulated contexts. Best performance are achieved
by the personalized search in terms of average precision at
different cut-off points achieving an improvement of 87,50%
at P@5, 63,56% at P@10, 53,49% at P@15 and 50,92% at
P@20 comparatively to Yahoo BOSS. However, precision im-
provement varies between queries, Figure 2 gives an exam-
ple of this improvement variation between the queries of the
context museum. This is probably due to the difference be-
tween the degree of ambiguity of the queries, which can not
be explained only by the difference in query length. In fact,
it depends also on the contents of the documents present in
the collection.

4. CONCLUSION
In this paper we have presented our evaluation protocol of
a context-aware personalization approach for mobile search.
It is based on a combination of context simulation and user
study. More precisely, we exploit context simulation to cre-
ate user contexts and profiles in one hand. On the other
hand, we exploit Yahoo’s BOSS web search service and real
user judgments, through a user study, to evaluate the search
effectiveness of our approach comparatively to a standard
search. We evaluated our approach according to the pro-
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Table 1: an example of the use case ”museum”
Context QueryID Query terms Narrative

museum

M17 da Vinci
A document is relevant if it speaks about da Vinci painter and or
his paintings

M23 sunflowers
A document is relevant if it speaks about the painting sunflowers
and or its painter Van Gogh and or his paintings

M24 woman with a parasol
A document is relevant if it speaks about the painting woman with
a parasol and or its painter Claude Monet and or his paintings

M25 Edgar Degas
A document is relevant if it speaks about painter Edgar Degas and
or his paintings

M21 water lilies
A document is relevant if it speaks about the painting water lilies
and or its painter Claude Monet and or his paintings

Figure 2: Improvement at P@5, P@10, P@15 and
P@20 for the queries of the context ”museum”

posed evaluation protocol and show that it is effective. In
future work, we plan to extend this protocol by using real
user data provided from a search engine log file. Extend-
ing the protocol aims at testing the effectiveness of the per-
sonalized search based on real mobile search contexts and
click-through data available in the log file.
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ABSTRACT 
This paper describes the research design and methodologies we 
used to assess the usefulness of MeSH (Medical Subject 
Headings) terms for different types of users in an interactive 
search environment. We observed four different kinds of 
information seekers using an experimental IR system: (1) search 
novices; (2) domain experts; (3) search experts and (4) medical 
librarians. We employed a user-oriented evaluation methodology 
to assess search effectiveness of automatic and manual indexing 
methods using TREC Genomics Track 2004 data set. Our 
approach demonstrated (1) the reusability of a large test collection 
originally created for TREC, (2) an experimental design that 
specifically considers types of searchers, system versions and 
search topic pairs by Graeco-Latin square design and (3) search 
topic variability can be alleviated by using different sets of 
equally difficult topics and well-controlled experimental design 
for contextual information retrieval evaluation.   

Categories and Subject Descriptors 
H.3.3 [Information Storage and Retrieval]: Information Search 
and Retrieval−query formulation, search process 

General Terms 
Measurement, Human Factors 

Keywords 
Information retrieval evaluation, Search topic variability, 
interactive information retrieval 

1. INTRODUCTION 
The creation and refinement of test design and methodologies for 
IR system evaluation have been one of the greatest achievements 
in IR research and development. In the second Cranfield project 
[6], the main purpose is to evaluate the effectiveness of indexing 
techniques at a level of abstraction where users are not 
specifically considered in a batch mode experiment. 
 
 
 
 

 
The test design and methodology following the Cranfield 

paradigm culminated in the TREC (Text REtrieval Conference) 
activities since the 1990s. TREC has provided a research forum 
for comparing the search effectiveness of different retrieval 
techniques across IR systems in a laboratory and controlled 
environment [30]. The very large test collection used in TREC 
provided a test bed for researchers to experiment the scalability of 
retrieval techniques, which had not been possible in previous 
years. However, how we specifically take into account different 
aspects of user contexts within a more realistic test environment 
has been challenging in part because it is difficult to isolate the 
effects of user, search topic and system in IR experiments (see 
e.g., [7, 17] for recent efforts). 

In batch experiments the search effectiveness of different 
retrieval techniques is achieved by comparing the search 
performance of queries.  IR researchers have widely used the 
micro-averaging method of performing statistics on the queries in 
summarizing precision and recall values for comparing the search 
effectiveness of different retrieval techniques in order to meet the 
statistical requirements (see e.g., [25, 27]). The method of micro-
averaging is intended to obtain reliable results in comparing 
search performance of different retrieval techniques by giving 
equal weights to each query. 

However, within an interactive IR search environment that 
involves human searchers, it is difficult to use a large set of search 
topics. Empirical evidence has demonstrated that the search topic 
set size of 50 is necessary to determine the relative performance 
of different retrieval techniques in batch evaluations [3], because 
the variability of search topics has an overriding effect on search 
results. Another possible solution is to use different sets of topics 
in a non-matched-pair design [5, 21, 22], but theoretically it 
requires a very large sample of independent searches. 

This problem has been exacerbated by the fact that we have 
little theoretical understanding about the nature and properties of 
search topics for evaluation purposes [20]. From a systems 
perspective, recent in-depth failure analyses of variability in 
search topics for reliable and robust retrieval performance (e.g., 
[11, 28]) have contributed to our preliminary understanding of 
how and why IR systems fail to do well across all search topics. It 
is still elusive what kinds of search topics can be used to directly 
control the topic effect for IR evaluation purposes. 

This study was designed to assess the search effectiveness of 
MeSH terms by different types of searchers in an interactive 
search environment. By an experimental design that controls 
searchers, system versions and search topic pairs and the use of a 
relatively large number of search topics, we were able to 
demonstrate an IR user experiment that specifically controls the 

Appears in the Proceedings of The 2nd International Workshop on 
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search topic variability and assesses the user effect on search 
effectiveness within the laboratory IR framework (see e.g., [14, 
15] for recent discussions). 

2. METHOD 
Thirty-two searchers from a major public university and nearby 
medical libraries in the northeast area of the US participated in the 
study. Each searcher belonged to one of four groups: (1) Search 
Novice (SN), (2) Domain Experts (DE), (3) Search Experts (SE) 
and (4) Medical Librarians (ML). 

The experimental task was to conduct a total of eight 
searches to help biologists conduct their research. Participants 
searched either using a version of the system in which abstracts 
and MeSH terms were displayed (MeSH+) or another version in 
which they had to formulate their own terms based only on the 
display of abstracts (MeSH−). Participants conducted four 
searches each with two different systems: in one, they browsed a 
displayed list of MeSH terms (MeSH+) and in the other (MeSH−). 
Half the participants used MeSH+ system first; half used MeSH− 
first. Each participant was allowed to conduct searches on eight 
different topics. 

The experimental setting for most searchers was a university 
office; for some searchers, it was a medical library. Before they 
began searching participants were briefly trained in how to use the 
MeSH terms. We kept search logs that recorded search terms, a 
ranked list of retrieved documents, and time-stamps. 

2.1 Subjects 
We used the purposive sampling method for recruiting our 
subjects since we were concerned with the impact of specific 
searcher characteristics on search effectiveness. The key searcher 
characteristics were different levels of domain knowledge in the 
biomedical domain and whether they had substantial search 
training. The four types of searchers were distinguished by their 
levels of domain knowledge and search training. 

2.2 Experimental design 
The experiment was a 4×2×2 factorial design with four types of 
searchers, two versions of an experimental system and controlled 
search topic pairs. The versions of a system, types of searchers 
(distinguished by levels of domain knowledge and search training) 
and search topic pairs were controlled by a Graeco-Latin square 
balanced design [8]. The possible ordering effects have been taken 
into account by the design. The requirement for this experimental 
design is that the examined variables do not interact and each 
variable has the same number of levels [16]. The treatment layout 
of a 4×4 Graeco-Latin square design is illustrated in Figure 1. 

1 2 3 4 5 6 7 8 
SN DE SE ML DE SN ML SE 
38 12 29 50 38 12 27 45 
12 38 50 29 12 45 38 27 
29 50 12 38 27 38 45 12 
50 29 38 12 45 27 12 38 
42 46 32 15 9 36 30 20 
46 42 15 42 36 9 20 30 
32 15 42 46 30 20 9 36 
15 32 46 32 20 30 36 9 

 
9 10 11 12 13 14 15 16 

SE ML SN DE ML SE DE SN 
29 50 27 45 42 46 9 36 
50 29 29 27 46 36 42 9 
27 45 45 50 9 42 36 46 
45 27 50 29 36 9 46 42 
2 43 1 49 2 43 33 23 

43 1 49 2 43 2 23 33 
1 49 2 43 33 23 2 43 

49 2 43 1 23 33 43 2 
Note. Numbers 1-16 refers to participant ID; SN, DE, DE and ML 
refer to types of searchers, SN=Search Novices, DE=Domain 
Experts; SE=Search Experts; ML=Medical Librarians; Shaded 
and non-shaded blocks refer to MeSH+ and MeSH− versions of 
an experimental system; Numbers in blocks refer to search topic 
ID number from TREC Genomics Track 2004 data set; 10 search 
topic pairs, randomly selected from a pool of 20 selected topics, 
include (38, 12), (29, 50), (42, 46), (32, 15), (27, 45), (9, 36), (30, 
20), (2, 43), (1, 49) and (33, 23). 

Figure 1. 4×4 Graeco-Latin square design 
Because of the potential interfering effect of search topic 

variability on search performance in IR evaluation, we used a 
design that included relatively large number of search topics. In 
theory, the effect of topic variability and topic-system interaction 
on system performance could be eliminated by averaging the 
performance scores of the topics (micro-averaging method), 
together with the use of very large number of search topics. The 
TREC standard ad hoc task evaluation studies ([1, 3]) and other 
proposals of test collections (e.g., [20-22, 24, 29]) have been 
concerned with the large search topic variability in batch 
experiments. However, in a user-centered IR experiment it is not 
feasible to use as many as 50 search topics because of human 
fatigue. 

We controlled search topic pairs by a balanced design in 
order to alleviate the overriding effect of search topic variability. 
We assumed that all the search topics are equally difficult, since 
we do not have a good theory about what makes some search 
topics more difficult than others. By design we ensured that each 
search topic pair was assigned to all types of searchers and was 
searched at least two times by the same type of searchers. This 
design required a total of 10 search topic pairs and a minimum of 
16 participants. 

2.3 Search tasks and incentive system 
The search task was designed to simulate online searching 
situations in which professional searchers look for information on 
behalf of users. We decided to use this relatively challenging task 
for untrained searchers because choosing realistic tasks such as 
this one would enhance the external validity of the experiment. 
Considering the relatively difficult tasks, we were concerned that 
searchers may have problems completing all searches. Because 
research literature has suggested that the motivational 
characteristics of participants are possible sources of sample bias 
[23], we designed an incentive system to motivate the searchers. 

We promised monetary incentives according to the 
participant’s search effectiveness. Each subject was paid $20 for 
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participating and was also paid up to $10.00 dollars more based 
on the average number of relevant documents in the top ten search 
results across all search topics; on average each participant 
received an additional $4.40, with a range of $2.00 - $8.00. 

2.4 Experimental procedures 
After signing the consent form, the participant filled out a 
searcher background questionnaire before the search assignment. 
After a brief training session, they were assigned to one of the 
arranged experimental conditions and conducted search tasks. 
They completed a search perception questionnaire and were asked 
to indicate the relevance of two pre-judged documents when they 
were done with each search topic. A brief interview was 
conducted when they finished all search topics. Search logs with 
search terms and ranked retrieved documents were recorded. 

The MeSH Browser [19], an online vocabulary look-up aid, 
prepared by U.S. National Library of Medicine, was designed to 
help searchers find appropriate MeSH terms and display hierarchy 
of terms for retrieval purposes. The MeSH Browser was only 
available when participants were assigned to the MeSH+ version 
of an experimental system; in the MeSH− version, participants 
had to formulate their own terms without the assistance of MeSH 
Browser and displayed MeSH terms in bibliographic records. 

Because we were concerned that the topics were so hard that 
even the medical librarians would not understand them, we used a 
questionnaire regarding search topic understanding after each 
topic. The testing items of two randomly selected pre-judged 
documents, one definitely relevant and the other definitely not 
relevant, were prepared from the data set [26]. 

Each search topic was allocated up to ten minutes. The last 
search within the time limit was used for calculating search 
performance. To keep the participants motivated and reward their 
effort, they were asked to orally indicate which previous search 
result would be the best answer when the search task was not 
finished within ten minutes. 

2.5 Experimental system 
For this study, it was important for participants to conduct their 
searches in a carefully controlled environment; our goal was to 
offer as much help as possible while still making sure that the help 
and search functions did not interfere with our ability to measure 
the impact of the MeSH terms. We built an information retrieval 
system based on the Greenstone Digital Library Software version 
2.70 [9] because it provides reliable search functionality, 
customizable search interface and good documentation [31]. 

We prepared two different search interfaces using a single 
system using Greenstone: MeSH+ and MeSH− versions. One 
interface allowed users to use MeSH terms; the other required 
them to devise their own terms. One interface displayed MeSH 
terms in retrieved bibliographic records and the other did not. 
Because we were concerned that the participant responds to the 
cue that may signal the experimenter’s intent, the search interfaces 
were termed ‘System Version A’ and ‘System Version B’ for 
‘MeSH+ Version’ and ‘MeSH− Version’ respectively (see 
http://comminfo.rutgers.edu/irgs/gsdl/cgi-bin/library/). The 
MeSH− version was used as baseline system for an automatic 
indexing system, whereas the MeSH+ version served as 
performance of a manual indexing system. That is, MeSH terms 
added another layer of document representation to the MeSH+ 
version. 

The experimental system was constructed as Boolean-based 
system with ranked functions by the TF×IDF weighting rule [32]. 

More specifically, MGPP (MG++), a re-implementation of the mg 
(Managing Gigabytes) searching and compression algorithms, 
was used as indexing and querying indexer. Basic system features, 
including fielded searching, phrase searching, Boolean operators, 
case sensitivity, stemming and display of search history, were 
sufficient to fulfill the search tasks. The display of search history 
was necessary because it provided useful feedback regarding the 
magnitude of retrieved documents for difficult search tasks that 
usually required query reformulations. 

Since our goal was specifically to investigate the usefulness 
of displayed MeSH terms, we deliberately refrained from 
implementing certain system features that allow users to take 
advantage of the hierarchical structures of MeSH terms, such as 
the hyperlinked MeSH terms, explode function that automatically 
includes all narrower terms and automatic query expansion (see 
e.g. [13, 18]) available on other online search systems. The use of 
those features would have invalidated the results by introducing 
other variables at the levels of search interface and query 
processing, although a full integration of those system features 
would have increased the usefulness of MeSH terms. 

2.6 Documents 
The experimental system was set up on a server, using 

bibliographic records from the 2004 TREC Genomics document 
set [26]. TREC Genomics Track 2004 Data Set document test 
collection was a 10-year (from 1994 to 2003) subset of 
MEDLINE with a total of 4,591,108 records. The test collection 
subset fed into the system used 75.0% of the whole collection, a 
total of 3,442,321 records, excluding the records without MeSH 
terms or abstracts. 

We prepared two sets of documents for setting up the 
experimental system: MeSH+ and MeSH− versions. One interface 
allowed users to use MeSH terms; the other did not provide this 
search option. The difference was also reflected in retrieved 
bibliographic records. 

2.7 Search topics 
The search topics used in this study were originally created 

for TREC Genomics Track 2004 for the purpose of evaluating the 
search effectiveness of different retrieval techniques (see Figure 
3-9 for an example). They covered a range of genomics topics 
typically asked by biomedical researchers. Besides a unique ID 
number for each topic, the topic was constructed in a format that 
included the title, need and context fields. The title field was a 
short query. The need field was a short description of the kind of 
material the biologists are interested in, whereas the context field 
provides background information for judging the relevance of 
documents. The need and context fields were designed to provide 
more possible search terms for system experimentation purposes. 

ID: 39 
Title: Hypertension 
Need: Identify genes as potential genetic risk factors 
candidates for causing hypertension. 
Context: A relevant document is one which discusses genes 
that could be considered as candidates to test in a randomized 
controlled trial which studies the genetic risk factors for 
stroke. 

Figure 2. Sample search topic 

Because of the technical nature of genomics topics, we 
wondered whether the search topics could be understood by 
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human searchers, particularly for those without advanced training 
in the biomedical field. TREC search topics were designed for 
machine runs with little or no consideration for searches by real 
users. We selected 20 of the 50 topics using the following 
procedure: 

1. Consulting an experienced professional searcher with 
biology background and a graduate student in 
neuroscience, to help make a judgment as to whether the 
topics would be comprehensible to the participants who 
were not domain experts. Topics that used advanced 
technical vocabulary, such as specific genes, pathways 
and mechanisms, were excluded; 

2. Ensuring that major concepts in search topics could be 
mapped to MeSH by searching the MeSH Browser. For 
instance, topic 39 could be mapped to MeSH preferred 
terms hypertension and risk factors; 

3. Eliminating topics with very low MAP (mean average 
precision) and P10 (precision at top 10 documents) score 
in the relevance judgment set because these topics would 
be too difficult; 

The selected topics were then randomly ordered to create ten 
search topic pairs for the experimental conditions (see Figure 1 for 
search topic pairs).  

2.8 Reliability of relevance judgment sets 
We measured search outcome using standard precision and recall 
measures for accuracy and time spent for user effort [6] because 
we were concerned with the usefulness of MeSH terms on search 
effectiveness by using TREC assessments [12]. 

Theoretically speaking, the calculation of recall measure 
requires relevance judgments from the whole test collection. 
However, it is almost impossible to obtain these judgments from a 
test collection with more than 3 million documents. For practical 
reasons the recall measure used a pooling method that created a 
set of unique documents from the top 75 documents submitted by 
27 groups participated in the TREC 2004 Genomics Track ad hoc 
tasks [26]. Empirical evidence has shown that recall calculated 
with a pooling method provides a reasonable approximation, 
although the recall is likely to be overestimated [33]. But as a 
result of this approach, there was an average pool size of 976 
documents, with a range of 476-1450, which had relevance 
judgments for each topic [12]. 

It was quite likely that some of the participants in our 
experiment would retrieve documents that had not been judged. 
The existence of un-judged relevant documents, called sampling 
bias in pooling method, is concerned with the pool depth and the 
diversity of retrieval methods that may affect the reliability of 
relevance judgment set [2]. The assumption that the pooled 
judgment set is a reasonable approximation of complete relevance 
judgment set may become invalid when the test collection is very 
large. 

To ensure that the TREC pooled relevance judgment set was 
sufficiently complete and valid for the current study, we analyzed 
top 10 retrieved documents from each human runs (32 searchers × 
8 topics = 256 runs). Cross-tabulation results showed that about 
one-third of all documents retrieved in our study had not been 
judged in the TREC data set. More specifically, for a total of 2277 
analyzed documents, 762 (33.5 %) had not been assigned relevant 
judgments. There existed large variations in percentage of un-
judged documents for each search topic, with a range of 0–59.3%. 

To assess the impact of incomplete relevance judgments, we 
compared the top 10 ranked search results between the judged 

document set and the pooled document set for each topic. The 
judged document set was composed of the documents that 
matched TREC data, i.e., combination of judged not relevant and 
judged relevant. The un-judged documents, added to the pooled 
document set, were considered ‘not relevant’ in our calculations 
of search outcome. We used precision oriented measures, MAP 
(mean average precision), P10 (precision at top 10 documents) 
and P100 (precision at top 100 documents) to estimate the impact 
of incomplete judgments. 

The paired t-test results by search topic revealed significant 
differences between the two sets in terms of MAP (t(19) = -3.69, p 
< .01), P10 (t(19) = -3.89, p < .001) and P100 (t(19) = -3.95, p < 
.001) measures. The mean of the differences for MAP, P10 and 
P100 was approximately 2.7%, 9.9% and 4.9% respectively. We 
concluded that the TREC relevance judgments are applicable to 
this study. 

2.9 Limitations of the design 
This study was designed to assess the impact of MeSH terms 

on search effectiveness in an interactive search environment. One 
limitation of the design was that participants were a self-selected 
group of searchers that may not be representative of the 
population. The interaction effects of selection biases and the 
experimental variable, i.e., the displayed MeSH terms, were 
another possible factor that limits the generalizability of this study 
[4]. The use of relatively technical and difficult search topics in 
the interactive search environment posed threat to external 
validity, since those topics might not represent typical topics 
received by medical librarians in practice. 

The internal validity of this design was enhanced by 
specifically considering several aspects: We devised an incentive 
system to consider the possible sampling bias of searchers’ 
motivational characteristics in experimental settings. Besides 
levels of education, participants’ domain knowledge was 
evaluated by a topic understanding test. The variability of search 
topics was alleviated by using a relatively large number of search 
topics by experimental design. Selected search topics were 
intelligible in consultation with domain expert and medical 
librarian. A concept analysis form was used to help searchers 
recognize potentially useful terms. The reliability of relevance 
judgment sets was ensured by additional analysis of top 10 search 
results from our human searchers. 

3. DISCUSSION AND CONCLUSION 
The Cranfield paradigm has been very useful for comparing 
search effectiveness of different retrieval techniques at the level of 
abstraction that simulates user search performance. Putting users 
in the loop of IR experiments is particularly challenging because it 
is difficult to separate the effects of systems, searchers and topics 
and the search topics have had dominating effects [17]. To 
alleviate search topic variability in interactive IR experiments, we 
consider how to increase the topic set size by experimental design 
within the laboratory IR framework. 

This study has demonstrated that a total of 20 search topics 
can be used in an interactive experiment by Graeco-Latin square 
balanced design and using different sets of carefully selected 
topics. We assume that the selected topics are equally difficult 
since we do not have a good theory of search topics that can 
directly control the topic difficulty for evaluation purposes. 
Recent attempts to use reduced topic sets and use non-matched 
topics (see e.g., [5, 10]) indirectly support our experimental 
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design considerations of search topic variability and topic 
difficulty. However, an important theoretical question remains. 
How can we better control the topic effects in batch and user IR 
experiments?  
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