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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 Contextual Information Access, Seeking and Retrieval Evaluation (CIRSE), held in conjunction 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 workshops 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 considering the contextual dimensions in the information seeking/access process. Indeed,
laboratory-based or system oriented evaluation is challenged by the presence of contextual dimensions such as user interaction, profile or environment which significantly
impact on the relevance judgments or usefulness ratings made by the end user. Therefore, 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 information retrieval evaluation.
The CIRSE workshop series aims to have a major impact on future research by bringing 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.
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ABSTRACT

for both theory and experimentation in the field. The second 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.

There are three parts to this talk – related in rather tangential 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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But where do we go from here?
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ian.ruthven@cis.strath.ac.uk

ABSTRACT

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 context 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 personal view on some useful evaluation directions.

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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ABSTRACT

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

Categories and Subject Descriptors

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 dissemination.

This paper presents an experiment and analysis system framework that allows researchers to design and conduct interactive experiments and analyze data for the evaluation of
contextual relationships.
H.4 [Information Systems Applications]: Miscellaneous

Keywords

Context Evaluation, Information System, Data Analysis

1.

INTRODUCTION AND BACKGROUND

2. SYSTEM FRAMEWORK

In the last decade, context-aware computing has made much
eﬀort to formalize context[3], describe general context models[7] and develop systems that apply such models in different 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].

The system framework is part of a project deliverable1 that
aims to investigate ways to improve users’ ability to ﬁnd information 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

Rigorous experimentation in this domain presents challenges
in that such experiments are generally diﬃcult to administer 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 researchers with a tool to: 1) design and conduct experiments
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Overview

The overall aim of our framework is to reduce the complexity 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 management 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 variables) 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
1

http://comminfo.rutgers.edu/imls/poodle/

Figure 1: Components of the experiment and analysis system framework

tools that cover additional contextual information from the
user or the user’s environment. Examples may include location 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.

– 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 enables them to integrate and analyze results obtained from
such experiments.

2.1.1

Experiment System

The experiment system, described in more detail in [1], includes a number of components.

2.1.2

The GUI provides authenticated login for participants, their
assignment to one or more experiments and basic navigational 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 participants including the safe recovery of interrupted sessions. In
addition, the Interaction Logger with Remote Logging provides 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 allows 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 logging facility, the client consists of a ﬂexible and expandable
array of independent loggers. Currently, these loggers observe 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
2
3

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 analysis framework to process data from a variety of experiments 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 sensors as described in [14].
• Event Reader Import Rules can be used to conﬁgure
event readers and therefore adapt the data import process. Such rules can for example be applied to add
additional ﬁlters for event readers (e.g. excluding web

http://www.techsmith.com
http://www.tobii.com
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events with certain URLs) or providing standard validation (e.g. tagging certain events as problematic thus
ﬂagging results for manual inspection).

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

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

• Extensibility: As an extensible framework with respect
to contextual logging tools (in the experiment system) and readers, rules, segmentations and models (in
the analysis system) the framework oﬀers researchers
ways to adapt and extend it to their own requirements and research agendas. These extensions however require additional, customizing implementation
work by the user of the system framework; for example
adding another logging tool to measure a new contextual aspect from the user also requires implementing
the corresponding event representation and an additional reader to import the new data log. Such procedures, 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 software frameworks such as WEKA [15].

• Model Representation processes (segmented) event sequences to test speciﬁc research hypotheses i.e. verifying eﬀects of context attributes and relationships
between them (e.g. identifying users’ perceived usefulness 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.

• 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 segmentations and models). Thus, it is possible to generate multiple, alternative context models from the same
underlying events that can each be evaluated in isolation. This also allows user and context models to be
reused for diﬀerent data segments from one or across
multiple experiments.

• The Web-based User Interface extends the system to
an online service where researchers can generate, inspect and share event representations, data segmentations and models within one or across multiple experiment data sets. These are stored through a DB
Interface that persists both event and model representations 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.

• Collaboration is central to the design and has been supported in both parts of the system framework. The experiment 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 created and reused across diﬀerent experiments and shared
between researchers. The analysis system oﬀers a meeting platform through its web-based user interface. Data,
segmentations and models can be conﬁgured, integrated
and shared between researchers allowing collaborating with data and ideas and forming virtual research
groups. Researchers can create and exchange integrated event data sets from experiments speciﬁc to
the needs of individuals or groups (e.g. event data
limited to a subset of experiment participants, experiment tasks or types of context such as web activity
or eye movement). Shared data sets can then be applied 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 accessed collaboratively. Basic summary visualizations
are available and ﬁndings can be exported allowing researchers to further process data with third-party tools
and apply results (e.g. integrating a learned context
model in a personalized desktop search application).

CONTEXT EVALUATION WITH 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 summarizes these aspects, shows how they relate to the system 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 application environment (e.g. library or mobile environment)
and the intended user group (e.g. professional journalists or online web searchers) as well as others. The
system framework supports this requirement in a number 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 multidimensional data streams can be integrated into a uniﬁed stream of events within the analysis system. Third,
this event stream can be treated holistically through

7

4.

CURRENT STATE AND FUTURE PLANS

A prototype of the experiment system has has been designed
and developed with active work on improving logging comprehensiveness (especially for contextual, sensor-based logging) 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 information for the basic investigation of relationships between use
behaviour and various user context attributes such as cognitive abilities and individual diﬀerences, reading and scanning behaviour and perception of usefulness during online
search. The analysis system has been designed and the modelling and user interface is in active development. The experiment 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 collaboration between researchers and enabling additional improvements 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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(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 evaluation methodologies used in TREC, CLEF and INEX campaigns are not always suitable for considering the contextual 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 methodologies have been proposed to support simulated user proﬁle
through contextual simulations [16] or real evaluation scenarios through user studies [5].
As an initial approach, yet allowing meaningful observations,
we present here, the evaluation protocol aiming to evaluate empirically the performance of a novel context-based
personalized mobile search system. For this purpose, we
compare the performance of retrieval: without personalization and with personalization. We compare our approach to
the results obtained from yahoo BOSS web search service,
which did not implement itself any personalization capability. This paper discusses the methodology adopted and
presents the results obtained. We ﬁrst brieﬂy survey IR evaluation 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.

ABSTRACT

We discuss the issue of evaluating our context-based personalized mobile search approach with a methodology based on
a combination of two evaluation approaches: context simulation and user study. Our personalized approach aims at
exploiting some context-aware user proﬁles through a personalized 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 simulation 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 context, 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
1
2

2.

http://developer.yahoo.com/search/boss/
https://osirim.irit.fr developed at IRIT lab
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EVALUATION OF IR IN MOBILE CONTEXTS

Context-awareness in mobile IR focuses on context models
including user proﬁles and environmental data (time, location, near persons, device and networks). The state-of-theart highlights that signiﬁcative theoretical and technological 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

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 applications is diﬃcult. Both user-centered and benchmark evaluation approaches are adopted. However, as mobile IR systems
are strictly related to users and their environment, the usercentered evaluation live (user studies [3, 14, 8]) or in laboratory (context-simulation framework [4, 9]) seem to be the
most natural one. In [8] for example, a user-centered, iterative, and progressive evaluation has been adopted combining IR evaluation methods with human-computer interaction development techniques. The authors consider mainly
the following guidelines: involve the right participants that
are either current users or likely future; choose the right situations considering the diﬀerent aspects of the environment;
set relevant tasks that make participants seek information
and are in accordance with situations that have been identiﬁed; use relevant evaluation approach and measures according to the diﬀerent sub-goals (eﬀectiveness, usability)
within the overall objective evaluation. The main limitations 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. EVALUATION OF OUR CONTEXT-BASED
PERSONALIZED SEARCH
In this section, we ﬁrst introduce our context-based personalized 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 represented by a set of situations with their corresponding user
proﬁles (interests), denoted : U = {(S i , Gi )}, where S i is a
situation and Gi its corresponding user proﬁle. A situation
S i 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 Gsq is built by
exploiting clicked documents Drs by the user and returned
with respect to the query q s submitted at time s. First a
keyword query context K s is calculated as the centroid of
documents in Drs :
1 
wtd .
(1)
K s (t) =
|Drs |
s
d∈Dr

s

K is matched with each concept cj of the ODP3 ontology
→
represented by single term vector cj using the cosine similarity 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 Gsq at time s. The user proﬁle G0i , within each
identiﬁed situation S i , is initialized by the proﬁle of the ﬁrst
3
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query submitted by the user at the situation S i . It is upof a new
dated by combining it with the query proﬁle Gs+1
q
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 situations 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 combining for each retrieved document dk , the original score returned 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 C opt as follows:



→ →


scorec dk , Gopt =
sw (cj ) ∗ cos dk , cj
(3)
cj ∈C opt

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 formal 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 require the availability of manual content ratings with respect
to query relevance and speciﬁc user preference (i.e., constrained 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 belonging 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

of geographical contexts and user proﬁles can enhance the
performance of the search engine to respond to such ambiguous queries. Table 1 gives an example of the use case of the
context museum.

3.2.2

Document collection

3.2.3

User proﬁle

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.

The user proﬁles are integrated in the evaluation strategy
according to a simulation algorithm that generates them using 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 collection. These, so built proﬁles, simulate user click-through
data.

3.2.4

Figure 1: DCG@10 comparison between our personalized search and Yahoo BOSS over all queries
Table 2: Average Top-n precision comparison between 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%

Evaluation protocol

Our experimental design consists of evaluating the eﬀectiveness of our personalized approach when using the user proﬁle
in the IR model over a sequence of user contexts. In the absence 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 equallysized subsets, and using k−1 training subsets for learning the user interests and the remaining subset as a test
set,
• for each query in the training set, an automatic process 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 approach, 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.

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 improvement of personalized search comparatively to the standard 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 improvement varies between queries, Figure 2 gives an example of this improvement variation between the queries of the
context museum. This is probably due to the diﬀerence between 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 create 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-

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 retrieved items), we estimate the DCG@10 for all the queries.
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Context

QueryID
M17
M23

museum

M24
M25
M21

Table 1: an example of the use case ”museum”
Narrative
Query terms
A document is relevant if it speaks about da Vinci painter and or
da Vinci
his paintings
A document is relevant if it speaks about the painting sunﬂowers
sunﬂowers
and or its painter Van Gogh and or his paintings
A document is relevant if it speaks about the painting woman with
woman with a parasol
a parasol and or its painter Claude Monet and or his paintings
A document is relevant if it speaks about painter Edgar Degas and
Edgar Degas
or his paintings
A document is relevant if it speaks about the painting water lilies
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. Extending the protocol aims at testing the eﬀectiveness of the personalized search based on real mobile search contexts and
click-through data available in the log ﬁle.
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[8] A. Göker and H. I. Myrhaug. Evaluation of a mobile
information system in context. Information Processing
and Management, 44(1):39–65, 2008.
[9] F. Gui, M. Adjouadi, and N. Rishe. A contextualized
and personalized approach for mobile search. In 2009
Internat. Conf. on Advanced Information Networking
and Applications Workshops, pages 966–971.
[10] R. Iqbal, J. Sturm, O. Kulyk, J. Wang, and J. Terken.
User-centred design and evaluation of ubiquitous
services. In Proc. of the 23rd annual internat. conf. on
Design of communication, pages 138–145, 2005.
[11] J. Kjeldskov and C. Graham. A review of mobile hci
research method. In Human-Computer Interaction
with Mobile Devices and Services-5th Internat.
Symposium, Mobile HCI 2003 proceedings, 2003.
[12] D. Menegon, S. Mizzaro, E. Nazzi, and L. Vassena.
Benchmark evaluation of context-aware web search. In
Proc. of ECIR 2009 Workshop on Contextual
Information Access, Seeking and Retrieval Evaluation.
[13] S. Mizzaro, E. Nazzi, and L. Vassena. Retrieval of
context-aware applications on mobile devices: how to
evaluate? In Proc. of IIiX’08, pages 65–71, 2008.
[14] C. Panayiotou, M. Andreou, G. Samaras, and
A. Pitsillides. Time based personalization for the
moving user. In Proc. of the International Conference
on Mobile Business (ICMB’05), pages 128–136, 2005.
[15] W. Schwinger, C. Grün, B. Pröll, W. Retschitzegger,
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7KH &UDQILHOG PRGHO >@ UHPDLQV WKH GRPLQDQW DSSURDFK WR WKH
HYDOXDWLRQ RI ,5 V\VWHPV 7KLV HYDOXDWLRQ PRGHO XVHV WHVW
FROOHFWLRQVWRDVVHVVDQGFRPSDUHWKHSHUIRUPDQFHRI,5V\VWHPV
7\SLFDO WHVW FROOHFWLRQV LQFOXGH D GRFXPHQW FRUSXV D VHW OLVW RI
VHDUFK TXHULHV DQG PDQXDOO\ DVVLJQHG UHOHYDQFH DVVHVVPHQWV IRU
HDFKTXHU\6XFKFROOHFWLRQVDUHXWLOLVHGLQ,5 FRPPXQLWLHVVXFK
DV WKH 7H[W 5(WULHYDO &RQIHUHQFH 75(&  WKH &URVV /DQJXDJH




7KH7H[W5HWULHYDO&RQIHUHQFH±KWWSWUHFQLVWJRY

(YDOXDWLRQ )RUXP &/()  DQG WKH 1DWLRQDO ,QVWLWXWH RI
,QIRUPDWLFV7HVW&ROOHFWLRQIRU,56\VWHPV 17&,5 

XVHG GXULQJ DQ\ LQWHUDFWLRQV ZLWK WKH XVHU LQ RUGHU WR DGDSW
DVSHFWVRIWKHV\VWHPVIXQFWLRQDOLW\RUSUHVHQWDWLRQVWUDWHJ\WRWKH
QHHGVRI WKDWXVHU>@ $+DSSURDFKHVDUHDSSOLHG LQHGXFDWLRQDO
K\SHUPHGLD RQOLQH LQIRUPDWLRQ V\VWHPV RQOLQH KHOS V\VWHPV
LQVWLWXWLRQDO K\SHUPHGLD DQG V\VWHPV IRU PDQDJLQJ SHUVRQDOL]HG
YLHZV

3UHFLVLRQDQGUHFDOO>@DUHWKHPHWULFVXSRQZKLFKWKHPDMRULW\RI
WUDGLWLRQDO ,5 HYDOXDWLRQ DSSURDFKHV DUH EDVHG LQFOXGLQJ WKH
&UDQILHOG PRGHO3UHFLVLRQLVWKHIUDFWLRQRIGRFXPHQWVUHWULHYHG
LQ UHVSRQVH WR D TXHU\ WKDW DUH UHOHYDQW WR WKH XVHUV LQIRUPDWLRQ
QHHGZKHQPDNLQJWKDWTXHU\5HFDOOLVWKHIUDFWLRQRIWKHWRWDOVHW
RI UHOHYDQW GRFXPHQWV LQ D FROOHFWLRQ ZKLFK DUH UHWXUQHG IRU D
JLYHQ TXHU\ $QRWKHU FRPPRQ PHDVXUH RI SHUIRUPDQFH LV YDQ
5LMVEHUJHQ¶V IPHDVXUH >@ ZKLFK FDOFXODWHV WKH ZHLJKWHG
KDUPRQLFPHDQRISUHFLVLRQDQGUHFDOO

 &XUUHQW(YDOXDWLRQRI$GDSWLYH6\VWHPV

,Q RUGHU WR SURGXFH HIIHFWLYH UHVXOWV HYDOXDWLRQ VKRXOG RFFXU
WKURXJKRXW WKH HQWLUH GHVLJQ F\FOH DQG SURYLGH IHHGEDFN IRU
GHVLJQPRGLILFDWLRQ>@
8VHUFHQWHUHG DSSURDFK 8VHUFHQWHUHG HYDOXDWLRQ 8&(  FDQ
VHUYH WKUHH JRDOV YHULI\LQJ WKH TXDOLW\ RI DQ $+6 GHWHFWLQJ
SUREOHPVLQWKHV\VWHP IXQFWLRQDOLW\ RULQWHUIDFHDQG VXSSRUWLQJ
DGDSWLYLW\ GHFLVLRQV >@ 7KHVH IXQFWLRQV PDNH 8&( D YDOXDEOH
WRRO IRU GHYHORSHUV RI DOO NLQGV RI V\VWHPV EHFDXVH WKH\ FDQ
MXVWLI\WKHLUHIIRUWVLPSURYHXSRQDV\VWHPRUKHOSGHYHORSHUVWR
GHFLGH ZKLFK YHUVLRQ RI D V\VWHP WR UHOHDVH 7KH EHQHILWV RI WKH
XVHUFHQWHUHG DSSURDFK DUH VDYLQJV LQ WHUPV RI WLPH DQG FRVW
HQVXULQJ WKH FRPSOHWHQHVV RI V\VWHP IXQFWLRQDOLW\ PLQLPL]LQJ
UHTXLUHGUHSDLUHIIRUWVDQGLPSURYLQJXVHUVDWLVIDFWLRQ>@

+RZHYHU GLIIHUHQFHV EHWZHHQ WKH VWUXFWXUH RI WKH ::: DQG
W\SLFDO GRFXPHQW FROOHFWLRQV DQG NH\ GLIIHUHQFHV EHWZHHQ WKH
XVHUV RI ZHEEDVHG ,5 V\VWHPV DQG WUDGLWLRQDO ,5 V\VWHPV
FKDOOHQJHPDQ\RIWKHDVVXPSWLRQVRIWKHVHPHWULFV7KHSULPDU\
FRQFHUQ LV WKDW ERWK PHWULFV DUH KLJKO\ VXEMHFWLYH DV UHOHYDQF\
FDQRQO\EHDVVLJQHGEDVHGXSRQWKHXVHUVLQWHQWZKHQVXEPLWWLQJ
DVSHFLILFTXHU\,QUHODWLRQWRWKH:::UHFDOOLVDQLQHIIHFWLYH
PHDQV RI HYDOXDWLRQ DV UHFDOO UHTXLUHV WKH HQWLUH FROOHFWLRQ RI
UHOHYDQW GRFXPHQWV WR EH NQRZQ LQ DGYDQFH RI HDFK TXHU\
SHUIRUPHG>@

(PSLULFDO DSSURDFK (PSLULFDO HYDOXDWLRQV DOVR NQRZQ DV
FRQWUROOHG H[SHULPHQWV UHIHU WR WKH DSSUDLVDO RI D WKHRU\ E\
REVHUYDWLRQLQH[SHULPHQWV7KHVHHYDOXDWLRQVKHOSWRHVWLPDWHWKH
HIIHFWLYHQHVV HIILFLHQF\ DQG XVDELOLW\ RI D V\VWHP DQG PD\
XQFRYHU FHUWDLQ W\SHV RI HUURUV LQ WKH V\VWHP WKDW ZRXOG UHPDLQ
RWKHUZLVHXQGLVFRYHUHG7KH NH\ WR JRRG HPSLULFDO HYDOXDWLRQLV
WKH SURSHU GHVLJQ DQG H[HFXWLRQ RI WKH H[SHULPHQWV VR WKDW WKH
SDUWLFXODU IDFWRUV WR EH WHVWHG FDQ EH HDVLO\ VHSDUDWHG IURP RWKHU
FRQIRXQGLQJ IDFWRUV 7KLV PHWKRG RI HYDOXDWLRQ LV GHULYHG IURP
HPSLULFDO VFLHQFH DQG FRJQLWLYH DQG H[SHULPHQWDO SV\FKRORJ\
>@

:KLOVW WKH SUHFLVLRQ PHDVXUH IRU D VHW RI UHVXOWV LV YDOXDEOH LW
GRHV QRW WDNH LQWR DFFRXQW WKH LPSRUWDQFH RI UDQNLQJ LQ PRGHUQ
ZHEEDVHG LQIRUPDWLRQ UHWULHYDO 7KH DYHUDJH SUHFLVLRQ LV D
PHDVXUH XVHG WR HVWLPDWH WKH SHUIRUPDQFH RI DQ ,5 V\VWHP E\
SODFLQJHPSKDVLVRQUHOHYDQWUHVXOWVDSSHDULQJKLJKXSWKHUDQNHG
OLVW$YHUDJHSUHFLVLRQLVFDOFXODWHGE\ILQGLQJWKHDYHUDJHRIWKH
LQGLYLGXDOSUHFLVLRQFDOFXODWLRQVIRUHDFKUHOHYDQWUHVXOWLQWKHOLVW
LI WKH OLVW ZHUH WUXQFDWHG GLUHFWO\ DIWHU WKDW UHVXOW 7KH 0HDQ
$YHUDJH 3UHFLVLRQ 0$3 IRUDQ ,5V\VWHP LV WKHQFDOFXODWHG E\
VXPPLQJ WKH DYHUDJH SUHFLVLRQ YDOXH IRU HDFK TXHU\ FRQGXFWHG
DQG GLYLGLQJ E\ WKH WRWDO QXPEHU RI TXHULHV 7KLV JLYHV DQ
LQGLFDWLRQRIWKHRYHUDOO SHUIRUPDQFH RIWKHV\VWHPZLWKUHODWLRQ
WRSUHFLVLRQDQGUDQNLQJ

/D\HUHG DSSURDFK 7KH OD\HUHG HYDOXDWLRQ DSSURDFK >@>@
VHSDUDWHV WKH µLQWHUDFWLRQ DVVHVVPHQW¶ DQG WKH µDGDSWDWLRQ
GHFLVLRQ¶ %RWK OD\HUV VKRXOG EH HYDOXDWHG VHSDUDWHO\ LQ RUGHU WR
HIIHFWLYHO\ LQWHUSUHW WKH HYDOXDWLRQ UHVXOWV (YDOXDWLQJ $+6 RQ D
OD\HU E\ OD\HU EDVLV KDV EHHQ UHFRPPHQGHG DV D PRUH
FRPSUHKHQVLYH DSSURDFK >@>@ ,Q FRQWUDVW WR DSSURDFKHV WKDW
IRFXV RQ WKH RYHUDOO XVHU¶V SHUIRUPDQFH DQG VDWLVIDFWLRQ >@
OD\HUHGHYDOXDWLRQLQSDUWLFXODUDVVHVVHVWKHVXFFHVVRIDGDSWDWLRQ
E\GHFRPSRVLQJLWLQWRGLIIHUHQWOD\HUVDQGHYDOXDWLQJHDFKOD\HU
LQGLYLGXDOO\ 7KLV KDV D QXPEHU RI DGYDQWDJHV RYHU RWKHU
DSSURDFKHV VXFK DV XVHIXO LQVLJKW LQWR WKH VXFFHVV RU IDLOXUH RI
HDFK VHSDUDWH DGDSWDWLRQ VWDJH IDFLOLWDWLRQ RI LPSURYHPHQWV
JHQHUDOL]DWLRQ RI HYDOXDWLRQ UHVXOWV DQG UHXVH RI VXFFHVVIXO
SUDFWLFHV

7KH&UDQILHOGPRGHORIWHVWFROOHFWLRQVDLPVWR HQVXUHFRQWUROOHG
H[SHULPHQWDWLRQ DFURVV V\VWHPV XVLQJ PHWULFV VXFK DV WKRVH
LQWURGXFHG DERYH VR WKDW FRQFOXVLRQV FDQ EH IRUPHG DERXW WKH
FRPSDUDWLYH SHUIRUPDQFH RI D YDULHW\ RI ,5 V\VWHPV +RZHYHU
WKLVDSSURDFKLVOLPLWHGDVDVVXPSWLRQVPXVWEHPDGHDERXWXVHU
LQWHQWDQGEHKDYLRXU'XHWRWKHPDLQVWUHDPDFFHVVLELOLW\RIZHE
EDVHG,5V\VWHPVDVVXPSWLRQVFDQQRWEHPDGHUHJDUGLQJDXVHU¶V
OHYHORINQRZOHGJHZLWKUHJDUGWRHLWKHUWKHV\VWHPRUWKHVXEMHFW
GRPDLQ7KH,5V\VWHPPXVWFRSHZLWKXVHUVDFURVVWKHVSHFWUXP
RINQRZOHGJHDQGDELOLW\>@

8WLOLW\EDVHG DSSURDFK &XUUHQW HYDOXDWLRQ SUDFWLFHV DWWHPSW WR
HYDOXDWH DGDSWDWLRQ DV D ZKROH ZLWK XVHU VDWLVIDFWLRQ RU
SHUIRUPDQFHDVWKHRYHUDOOPHWULFIRUVXFFHVVEDVHGRQLGHQWLILHG
PHDVXUDEOH FULWHULD ,Q WKH XWLOLW\EDVHG DSSURDFK WKH HYDOXDWLRQ
FDQEHVHHQDVDXWLOLW\IXQFWLRQ;WKDWPDSVDV\VWHPJLYHQVRPH
XVHUFRQWH[WWRDTXDQWLWDWLYHUHSUHVHQWDWLRQRIXVHUVDWLVIDFWLRQRU
SHUIRUPDQFH )RU H[DPSOH LI RQH FRPSDUHV DQ DGDSWLYH V\VWHP
ZLWK LWV QRQDGDSWLYH FRXQWHUSDUW WKH YDOXH RI DGDSWDWLRQ LV WKH
GLIIHUHQFHLQXWLOLW\EHWZHHQWKHWZRV\VWHPV

 $GDSWLYH+\SHUPHGLD

$GDSWLYH +\SHUPHGLD $+  LV DQ DOWHUQDWLYH WR WKH WUDGLWLRQDO
³RQHVL]HILWVDOO´ DSSURDFK WR WKH GHYHORSPHQW RI +\SHUPHGLD
6\VWHPV $GDSWLYH +\SHUPHGLD 6\VWHPV $+6  FDQ SRWHQWLDOO\
DGDSW RQ DQ\ DWWULEXWHV RI D XVHU IRU H[DPSOH LQ $GDSWLYH
(GXFDWLRQDO +\SHUPHGLD 6\VWHPV $(+6  PRGHOV FDQ EH
FRQVWUXFWHG ZKLFK GHVFULEH WKH JRDOV SUHIHUHQFHV NQRZOHGJH RU
RWKHU DWWULEXWHV RI HDFK LQGLYLGXDO XVHU 7KLV PRGHO FDQ WKHQ EH



7KH&URVV/DQJXDJH(YDOXDWLRQ)RUXPKWWSZZZFOHI
FDPSDLJQRUJ



7KH1DWLRQDO,QVWLWXWHRI,QIRUPDWLFV7HVW&ROOHFWLRQIRU,5
6\VWHPVKWWSUHVHDUFKQLLDFMSQWFLU

$V GHVFULEHG DERYH WKH PDLQ DGYDQWDJH RI OD\HUHG HYDOXDWLRQ
PHWKRGV DUH WKDW WKH\ EUHDN WKH XWLOLW\ IXQFWLRQ LQWR VHYHUDO
GLVWLQFW IXQFWLRQV )RU H[DPSOH VXSSRVH WKHUH LV D XWLOLW\ ; WKDW
PDSVWKHLQWHUDFWLRQDVVHVVPHQWDQGWKHUHVXOWLQJXVHUPRGHOWRD
UHDOQXPEHUWKDWUHSUHVHQWVLWVFRUUHFWQHVV6XSSRVHWKHUHLVDOVRD

14

PHFKDQLVPZHFODVVLI\DFRQWHQWFRPSRVLWLRQDVWKHRXWSXWIURP
DQ$,56$FRQWHQWFRPSRVLWLRQLVDQDJJUHJDWHGVHWRIUHVRXUFHV
RUGHUHGDFFRUGLQJWRWKHXVHU¶VQHHGVDQGSUHIHUHQFHV

XWLOLW\IXQFWLRQ8WKDWPDSVDV\VWHPJLYHQVRPHXVHUPRGHOWR
DUHDOQXPEHUWKDWUHSUHVHQWVXVHUVDWLVIDFWLRQRUSHUIRUPDQFH,Q
WKLVFDVHWKHZKROHXWLOLW\IXQFWLRQFDQEHH[SUHVVHGDV; ;;
,W LV FOHDU WKDW WKH ODWWHU XWLOLW\ IXQFWLRQ EHWWHU LQGLFDWHV WKH
XVDELOLW\ RI DQ DGDSWLYH K\SHUPHGLD V\VWHP 8WLOLW\EDVHG
HYDOXDWLRQRIDGDSWLYHV\VWHPV>@RIIHUVDSHUVSHFWLYHRIKRZWR
UHLQWHJUDWHWKHGLIIHUHQWOD\HUV

,Q RUGHU WR VXIILFLHQWO\ HYDOXDWH ERWK WKH DGDSWLYH IXQFWLRQDOLW\
DQG WKH UHWULHYDO SHUIRUPDQFH RI DQ $,56 D K\EULG DSSURDFK LV
QHFHVVDU\ 7KLV LQYROYHV XVHUFHQWULF DVVHVVPHQW OD\HUHG
HYDOXDWLRQ RI WKH SHUVRQDOLVDWLRQ ZKLFK KDV EHHQ DSSOLHG DQG
TXDQWLWDWLYHSHUIRUPDQFHPHWULFVUHODWLQJWRWKHFRQWHQWGHOLYHUHG

+HXULVWLFDSSURDFK$KHXULVWLFLVD JHQHUDOSULQFLSOHRUUXOHRI
WKXPE WKDW FDQ EH XVHG WR FULWLTXH H[LVWLQJ GHFLVLRQV RU JXLGH D
GHVLJQGHFLVLRQ$QDSSURDFKZKLFKLQWHJUDWHVOD\HUHGHYDOXDWLRQ
DQG KHXULVWLF HYDOXDWLRQ KDV EHHQ SURSRVHG >@ 7KH XVH RI
KHXULVWLFVHQVXUHVWKDWWKHHQWLUHV\VWHPFDQEHHYDOXDWHGLQGHSWK
DQGVSHFLILF SUREOHPVFDQEHGLVFRYHUHGDWDQHDUO\ GHVLJQ VWDJH
EHIRUH UHOHDVLQJ D UXQQLQJ SURWRW\SH RI D V\VWHP >@ 7KLV
DSSURDFK FDQ KHOS HYDOXDWRUV E\ LPSURYLQJ WKH GHWHFWLRQ DQG
GLDJQRVLVRISRWHQWLDOXVDELOLW\SUREOHPV

7KHOD\HUHGDSSURDFKWRHYDOXDWLRQZRXOGDOORZWKHDVVHVVPHQWRI
HDFKLQGLYLGXDODVSHFWRISHUVRQDOLVDWLRQDSSOLHGZLWKLQWKH$,56
WR WDLORU WKH H[SHULHQFH GHOLYHUHG WR WKH XVHU %\ DVVHVVLQJ HDFK
SLHFH RI IXQFWLRQDOLW\ LQ LVRODWLRQ LW FDQ EH GHWHUPLQHG ZKLFK
SURYLGH WKH PRVW YDOXH LQ UHODWLRQ WR WKH H[SHULHQFH GHOLYHUHG WR
WKHXVHU7KHOD\HUVZKLFKPXVWEHHYDOXDWHGZLOOGLIIHUIRU HDFK
V\VWHPDVWKHDGDSWDWLRQDQGSHUVRQDOL]DWLRQWHFKQLTXHVXVHGZLOO
YDU\GHSHQGLQJRQWKHUDQJHRIPRGHOVDQGDGDSWLYHSUHVHQWDWLRQ
PRGDOLWLHVDYDLODEOHLQWKHV\VWHP

 &KDOOHQJHVLQ(YDOXDWLQJRI$GDSWLYH6\VWHPV

7KHHYDOXDWLRQRI$+6LVDGLIILFXOWWDVNGXHWRWKHFRPSOH[LW\RI
VXFKV\VWHPVDVVKRZQE\PDQ\VWXGLHV>@>@,WLVRIFUXFLDO
LPSRUWDQFHWKDW WKH DGDSWLYHIHDWXUHVRI WKH V\VWHPFDQEH HDVLO\
GLVWLQJXLVKHG IURP WKH JHQHUDO XVDELOLW\ RI WKH GHVLJQHG WRRO
,VVXHV DULVH LQ WKH VHOHFWLRQ RI DSSOLFDEOH FULWHULD IRU WKH
HYDOXDWLRQ RI DGDSWLYLW\ 0DQ\ PHWULFV FDQ EH XVHG WR PHDVXUH
SHUIRUPDQFH IRU H[DPSOH NQRZOHGJH JDLQ $(+6  DPRXQW RI
UHTXHVWHGPDWHULDOVGXUDWLRQRILQWHUDFWLRQQXPEHURIQDYLJDWLRQ
VWHSV WDVN VXFFHVV XVDELOLW\ HJ HIIHFWLYHQHVV HIILFLHQF\ DQG
XVHUVDWLVIDFWLRQ 7KHHYDOXDWLRQRIDGDSWLYHV\VWHPVLVQRWHDV\
DQG VHYHUDO UHVHDUFKHUV KDYH SRLQWHG RXW SRWHQWLDO SLWIDOOV ZKHQ
HYDOXDWLQJDGDSWLYHV\VWHPV([DPSOHVRISLWIDOOV>@LQFOXGH

7KHUHDUHDVHWRIQHFHVVDU\HOHPHQWVRIDK\EULG$,56HYDOXDWLRQ
PRGHO ZKLFK FDQ EH GHILQHG LUUHVSHFWLYH RI WKH V\VWHP EHLQJ
HYDOXDWHG7KHNH\FKDOOHQJHLVWREHDEOHWRDGHTXDWHO\FRPELQH
WKHGDWDGULYHQDSSURDFKWRDVVHVVLQJUHWULHYDOIURP,5HYDOXDWLRQ
ZLWKWKHPRUHXVHUIRFXVHGDSSURDFKWRHYDOXDWLRQIURP$+7KH
K\EULGIUDPHZRUNIRU$,56 HYDOXDWLRQ SURSRVHG E\WKLVSDSHULV
DVIROORZV
 (YDOXDWLQJ 4XHU\ )RUPDWLRQ 7UDGLWLRQDO ,5 PHWKRGV DUH
GULYHQ E\ NH\ZRUGGULYHQ TXHULHV +RZHYHU ZLWK WKH
LQWURGXFWLRQRITXHU\WHUPSHUVRQDOL]DWLRQDQGH[SDQVLRQWKH
HIIHFWLYHQHVV RI WKHVH FRPSRQHQWV PXVW EH HYDOXDWHG 7KLV
FDQEHDFKLHYHGE\DVVHVVLQJWKHFRUUHFWQHVVRIWKHLQIHUHQFH
RIDXVHUV¶LQWHQWLRQDQGLQIRUPDWLRQQHHG
 (YDOXDWLQJ 5HWULHYDO (IIHFWLYHQHVV 7KLV LV DQ DVVHVVPHQW
RI WKH $,56 V\VWHP LQ WHUPV RI WUDGLWLRQDO UHWULHYDO WDVNV
7KHUH DUH VRPH DGGLWLRQDO FRQVWUDLQWV KRZHYHU DV V\VWHPV
ZKLFK XVH DGDSWLYH SUHVHQWDWLRQ PHWKRGV DUH UHTXLUHG WR
UHWULHYH RUGHUHG VHTXHQFHVRI FRQWHQW ZKLFKFUHDWHV D PRUH
FRPSOH[ GHSHQGHQF\ WKDQ D OLVW RI LQGHSHQGHQW FDQGLGDWH
GRFXPHQWV
 8VHU&HQWULF (YDOXDWLRQ $ XVHUFHQWULF HYDOXDWLRQ RI WKH
V\VWHP LV QHFHVVDU\ WR DVVHVV WKH DVVXPSWLRQV PDGH DQG
DGDSWLYLW\SHUIRUPHG.H\PHWULFVLQXVHUFHQWULFDSSURDFKHV
WR HYDOXDWLRQ LQFOXGH VDWLVIDFWLRQ HIIHFWLYHQHVV DQG
HIILFLHQF\
D (YDOXDWLQJ $GDSWLYLW\ (IIHFWLYHQHVV DQG (IILFLHQF\
7KH HIIHFWLYHQHVV RI DGDSWLYLW\ SHUIRUPHG E\ WKH V\VWHP
FDQ EH PHDVXUHG XVLQJ GRPDLQ DSSURSULDWH SHUIRUPDQFH
LQGLFDWRUV IRU H[DPSOH NQRZOHGJH JDLQ DQG NQRZOHGJH
UHWHQWLRQ LQ HGXFDWLRQDO VFHQDULRV DQG LQIRUPDWLRQ QHHG
IXOILOOPHQW LQ ,5 'LIIHUHQW PHWULFV FDQ EH DVVHVVHG
GHSHQGLQJ RQ WKH QDWXUH RI WKH $,56 DSSOLFDWLRQ DQG LWV
XVH7KLV LVQHFHVVDULO\D XVHUGULYHQHYDOXDWLRQEHFDXVH
WKH EHKDYLRU RI WKH V\VWHP GHSHQGV RQ WKH SURSHUWLHV RI
WKH XVHU (IILFLHQF\ FDQ EH PHDVXUHG E\ H[DPLQLQJ XVHU
SHUIRUPDQFH ZKHQ FRQGXFWLQJ D VHW RI GHILQHG WDVNV
0HWULFVPHDVXUHGFDQLQFOXGHWLPHWDNHQ7LPHWDNHQFDQ
LQFOXGH WZR W\SHV RI PHDVXUHPHQWV FODVVLFDO ,5
HYDOXDWLRQVVXFKDVWLPHWRJHWWKHILUVWUHOHYDQWGRFXPHQW
DQGQXPEHURIGRFXPHQWVUHWULHYHGLQH[DFWO\PQ>@
QXPEHURITXHULHVQHHGHGHWF
E 8VHU 6DWLVIDFWLRQ 8VHU VDWLVIDFWLRQ FDQ EH H[DPLQHG E\
HOLFLWLQJ GLUHFW XVHU IHHGEDFN :KLOH WKHUH DUH PDQ\

 'LIILFXOW\ LQ DWWULEXWLQJ FDXVH LV WKH DGDSWDWLRQ FDXVLQJ WKH
PHDVXUHG HIIHFWRUDQRWKHUDVSHFWRIV\VWHPIXQFWLRQDOLW\RU
GHVLJQ HJV\VWHPXVDELOLW\ 
 6WDWLVWLFDOO\LQVLJQLILFDQWUHVXOWV$GDSWLYLW\LVW\SLFDOO\XVHG
ZKHQ LQGLYLGXDO XVHUV GLIIHU +RZHYHU GLIIHUHQFHV LQ
DSSURDFK DQG SUHIHUHQFHV DUH OLNHO\ WR OHDG WR D ODUJH
YDULDQFH LQ SHUIRUPDQFH UHVXOWV ZKLFK PDNHV LW PRUH
GLIILFXOWWRSURGXFHVWDWLVWLFDOO\FRPSDUDEOHUHVXOWV,QRUGHU
WR SURGXFH VLJQLILFDQW UHVXOWV ODUJH YROXPHV RI TXHULHV DQG
XVHUVDUHUHTXLUHG7KHUHDUHIHZJHQHUDOJXLGHOLQHVIRUWKH
VHOHFWLRQRIWKHVHPHDVXUHPHQWV
 'LIILFXOW\ LQ GHILQLQJ WKH HIIHFWLYHQHVV RI DGDSWDWLRQ ,W FDQ
EH GLIILFXOW WR GHILQH ZKDW FRQVWLWXWHV D XVHIXO RU KHOSIXO
DGDSWDWLRQ
 ,QVXIILFLHQWUHVRXUFHV7RIXOO\HYDOXDWHDQDGDSWLYHV\VWHPLW
LV RIWHQ QHFHVVDU\ WR KDYH D ODUJH QXPEHU RI LQGLYLGXDOV
LQWHUDFWLQJ ZLWK WKH V\VWHP 7KLV LV LQ SDUW GXH WR WKH
H[SHFWHGYDULDQFHEHWZHHQSDUWLFLSDQWVPHQWLRQHGDERYH
 7RR PXFK HPSKDVLV RQ VXPPDWLYH UDWKHU WKDQ IRUPDWLYH
HYDOXDWLRQ(YDOXDWLRQVRIWHQPHDVXUHRQO\KRZJRRGRUEDG
D V\VWHP LV UDWKHU WKDQ SURYLGLQJ LQIRUPDWLRQ RQ ZKHUH WKH
SUREOHPVDUHDQGKRZDV\VWHPFDQEHLPSURYHG
7KHVHOHFWLRQRIWKHPHWULFVWREHXVHGLQWKHHYDOXDWLRQRI$+6LV
FUXFLDO 7KHUH DUH FXUUHQWO\ QR DJUHHG HYDOXDWLRQ PHWKRGRORJ\
VWDQGDUGV WKXV PDNLQJ $+ HYDOXDWLRQ D GLIILFXOW FRPSOH[ DQG
WLPHFRQVXPLQJWDVN

 (9$/8$7,210(7+2'2/2*<

7KHUHDUHPDQ\PHWKRGVRIFRPELQLQJWKHWHFKQLTXHVXVHGLQ$+
DQG ,5 +RZHYHU LQ RUGHU WR GHILQH D FRPPRQ HYDOXDWLRQ
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PHDQV RI HOLFLWLQJ VXFK LQIRUPDWLRQ DPRQJ WKH PRVW
ZLGHO\ XVHG DUH TXDOLWDWLYH TXHVWLRQQDLUHV VXFK DV WKH
6\VWHP8VDELOLW\6FRUH 686 >@
 6\VWHPHIILFLHQF\7KHFUHDWLRQRIFRPSOH[$,56UHTXLUHVD
ZLGH YDULHW\ RI FRQWHQW DQG PHWDGDWD $V VXFK WKH RYHUDOO
FRVWRISURYLVLRQLQJDSDUWLFXODU$,56DQGWKHSHUIRUPDQFH
RI WKDW V\VWHP LQ WHUPV RI UHVRXUFH UHTXLUHPHQWV DQG
UHVSRQVLYHQHVV PXVW EH DVVHVVHG 7KLV LV SDUWLFXODUO\
LPSRUWDQWDVV\VWHPVDSSURDFKPDVVZHEVFDOHXVH

>@ &+|OVFKHU *6WUXEH:HE6HDUFK%HKDYLRURI,QWHUQHW

([SHUWVDQG1HZELHV,Q3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO
&RQIHUHQFHRQWKH:RUOG:LGH:HE:::$PVWHUGDP7KH
1HWKHUODQGVSS

>@ 3%UXVLORYVN\(6FKZDU] *:HEHU$7RROIRU'HYHORSLQJ

$GDSWLYH(OHFWURQLF7H[WERRNVRQ:::,QWKH3URFHHGLQJVRI
:HE1HW :RUOGFRQIHUHQFHRIWKHZHEVRFLHW\SS


>@ &*HQD 6:HLEHO]DKO8VDELOLW\(QJLQHHULQJIRUWKH
$GDSWLYH:HEYRO/1&6SS

 6800$5<

>@ 0'H-RQJ 36FKHOOHQV5HDGHU)RFXVHG7H[W(YDOXDWLRQ

7KLV SDSHU KDV SUHVHQWHG DQ RYHUYLHZ RI WKH HYDOXDWLRQ
DSSURDFKHVFRPPRQO\XVHGLQWKH,5DQG$+FRPPXQLWLHVZLWK
WKHREMHFWLYHRIILQGLQJDPHDQVRIFRPELQLQJWKHVHDSSURDFKHVWR
DVVHVV WKH QH[W JHQHUDWLRQ RI SHUVRQDOL]DWLRQ LQ ,5 7KHVH
DSSURDFKHV KDYH WUDGLWLRQDOO\ YDULHG LQ IRFXV WKH PDMRULW\ RI ,5
HYDOXDWLRQ LV IRFXVHG RQ WKH QXPHULFDO SHUIRUPDQFH DQG
HIIHFWLYHQHVVRIWKHUHWULHYDORIGRFXPHQWVZKLOH$+V\VWHPVDUH
HYDOXDWHGZLWKWKHXVHUVDVDQLQWHJUDOSDUW

$QRYHUYLHZRIJRDOVDQGPHWKRGVYRO  SS


>@ -1LHOVHQ8VDELOLW\(QJLQHHULQJ%RVWRQ0$$FDGHPLF3UHVV


>@ &*HQD0HWKRGVDQGWHFKQLTXHVIRUWKHHYDOXDWLRQRIXVHU

DGDSWLYHV\VWHPV7KHNQRZOHGJHHQJLQHHULQJUHYLHZYRO
SS8QLWHG.LQJGRP&DPEULGJH8QLYHUVLW\3UHVV

>@ &.DUDJLDQQLGLV '6DPSVRQ/D\HUHGHYDOXDWLRQRIDGDSWLYH

7KHOD\HUHGHYDOXDWLRQPRGHOSURSRVHGLQWKLVSDSHULVDQDWWHPSW
WR GUDZ IURP WKH $+ FRPPXQLW\¶V H[SHULHQFH ZLWK WKH FRPSOH[
GHSHQGHQFLHVRIGLIIHUHQWLQWHOOLJHQWFRPSRQHQWVLQ$+67KLVLV
FRPELQHGZLWKWUDGLWLRQDO,5 HYDOXDWLRQ PHWKRGVWRJDLQDEURDG
VSHFWUXPDVVHVVPHQWRIWKHHQWLUHV\VWHP

DSSOLFDWLRQVDQGVHUYLFHV,QWHUQDWLRQDO&RQIHUHQFHRQDGDSWLYH
K\SHUPHGLDDQGDGDSWLYHDSSOLFDWLRQVDQGVHUYLFHV

>@ 3%UXVLORYVN\&.DUDJLDQQLGLV '6DPSVRQ7KHEHQHILWVRI
OD\HUHGHYDOXDWLRQRIDGDSWLYHDSSOLFDWLRQVDQGVHUYLFHV,QWKH
SURFHHGLQJVRIWKHILUVWZRUNVKRSRQHPSLULFDOHYDOXDWLRQRI
DGDSWLYHV\VWHPV806RQWKRIHQ*HUPDQ\SS

8VHUGULYHQHYDOXDWLRQRI,5LVQRWQHZLQLWVHOIEXWWKHHIIHFWVRI
SHUVRQDOL]DWLRQ RQ FUHDWLQJ UHSURGXFLEOH ODUJH VFDOH H[SHULPHQWV
FDQ LQ WKH RSLQLRQ RI WKH DXWKRUV EHVW EH DGGUHVVHG E\
LQFRUSRUDWLQJHOHPHQWVRI$+HYDOXDWLRQWHFKQLTXHV

>@ 6:HLEHO]DKO *:HEHU$GYDQWDJHVRSSRUWXQLWLHVDQG

OLPLWVRIHPSLULFDOHYDOXDWLRQV(YDOXDWLQJDGDSWLYHV\VWHPV
YRO  

>@ '&KLQ(PSLULFDOHYDOXDWLRQRIXVHUPRGHOVDQGXVHUDGDSWHG

 $&.12:/('*0(176

V\VWHPVSS

7KLV UHVHDUFK LV EDVHG XSRQ ZRUNV VXSSRUWHG E\ 6FLHQFH
)RXQGDWLRQ ,UHODQG *UDQW 1XPEHU &(,  DV SDUW RI WKH
&HQWUH IRU 1H[W *HQHUDWLRQ /RFDOL]DWLRQ ZZZFQJOLH   7KH
DXWKRUV DUH JUDWHIXO IRU WKH VXJJHVWLRQV RI WKH UHYLHZHUV IRU WKLV
SDSHU

>@ (+HUGHU8WLOLW\EDVHGHYDOXDWLRQRIDGDSWLYHV\VWHPV,QWKH

SURFHHGLQJVRIWKH6HFRQG:RUNVKRSRQ(PSLULFDO(YDOXDWLRQ
RI$GDSWLYH6\VWHPVDWWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ
8VHU0RGHOLQJ803LWWVEXUJ86$SS

>@ *0DJRXODV6&KHQ .3DSDQLNRODRX,QWHJUDWLQJOD\HUHG

DQGKHXULVWLFHYDOXDWLRQIRUDGDSWLYHOHDUQLQJHQYLURQPHQWV,Q
WKHSURFHHGLQJVRIWKH6HFRQG:RUNVKRSRQ(PSLULFDO
(YDOXDWLRQRI$GDSWLYH6\VWHPVDWWKHWK,QWHUQDWLRQDO
&RQIHUHQFHRQ8VHU0RGHOLQJ803LWWVEXUJ86$SS


 5()(5(1&(6


>@ *-)-RQHV 9:DGH,QWHJUDWHGFRQWHQWSUHVHQWDWLRQIRU

PXOWLOLQJXDODQGPXOWLPHGLDLQIRUPDWLRQDFFHVV,Q)&*H\1
.DQGR&</LQDQG&3HWHUV HGV 1HZ'LUHFWLRQVLQ
0XOWLOLQJXDO,QIRUPDWLRQ$FFHVVYROSS±

>@ /)X*6DOYHQG\ /7XUOH\(IIHFWLYHQHVVRIXVHUWHVWLQJ

DQGKHXULVWLFHYDOXDWLRQDVDIXQFWLRQRISHUIRUPDQFH
FODVVLILFDWLRQ%HKDYLRXUDQGLQIRUPDWLRQWHFKQRORJ\YRO
SS

>@ %6WHLFKHQ6/DZOHVV$2¶&RQQRU 9:DGH'\QDPLF

+\SHUWH[W*HQHUDWLRQIRU5HXVLQJ2SHQ&RUSXV&RQWHQW,QWKH
3URFHHGLQJVRIWKHWK$&0&RQIHUHQFHRQ+\SHUWH[WDQG
+\SHUPHGLD+\SHUWH[W7RULQR,WDO\WK-XQH±VW-XO\


>@ )'HO0LVVLHU )5LFFL8QGHUVWDQGLQJUHFRPPHQGHU

V\VWHPV([SHULPHQWDOHYDOXDWLRQFKDOOHQJHVSS
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ABSTRACT

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 microaveraging 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

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,
interactive information retrieval

Search

topic

variability,

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.
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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.

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.
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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.

2.2 Experimental design

3

11
SN

Figure 1. 4×4 Graeco-Latin square design

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

10
ML

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).

2.1 Subjects

1

9
SE

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.

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.

2.4 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.

2.6 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.

2.5 Experimental system

2.7 Search topics

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].

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).

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.

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 unjudged 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

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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