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ABSTRACT
Computer simulations have become key to modeling human
behavior in many disciplines. They can be used to explore,
and deepen our understanding of, new algorithms and interfaces, especially when real-world data is too costly to obtain
or unavailable due to privacy or competitiveness reasons.
In information retrieval, simulators can be used to generate inputs from simulated users—including queries, clicks,
reformulations, and judgments—which can then be used to
develop a deeper understanding of user behavior and to evaluate (interactive) retrieval systems.
The trust that we put in simulators depends on their validity, which, in turn, depends on the data sources used to
inform them. In this paper we present our views on future
directions and challenges for simulation of queries and clicks
from transaction logs.
Categories and Subject Descriptors: H.3 [Information
Storage and Retrieval]: H.3.3 Information Search and
Retrieval
General Terms: Experimentation
Keywords: Simulation, Transaction Logs, Evaluation

1.

INTRODUCTION

Simulation offers a source of experimental data when realworld information is either unobtainable or too expensive
to acquire. This makes simulation a valuable solution for
evaluating information retrieval (IR) theories and systems,
especially for interactive settings.
One approach to creating simulators for IR evaluation is
to build simulation models that incorporate manually created queries and relevance judgments, as in the Cranfield
tradition. A problem here is that it is not clear in how far
such explicit judgments reflect how users would interact with
a real IR system.
In this paper we discuss search engine transaction logs as
a source of data for building simulators for IR evaluation.
Transaction logs typically record, among other things, sequences of queries and result clicks issued by a user while
using a search engine [6]. The data is collected unobtrusively, thereby capturing the actions of users “in the wild.”
In addition, large quantities of searches and clicks can be
gathered. This makes them a rich source of information.
For privacy and competitiveness reasons transaction logs
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are rarely made publicly available. However, simulators can
be developed to generate artificial transaction log data not
linked to any real users. Such a simulator can then be released to outside parties, for example in order to test our theories about searcher behavior or to evaluate the performance
of (interactive) retrieval systems. In the process of creating
such simulators, theories about search engine users could be
tested by incorporating them in the simulation models.
So far, relatively little research has been conducted into
developing simulators based on the searches in transaction
logs. Below, we will discuss future directions for such research. We start by giving a brief overview of the state-ofthe-art in simulation for retrieval evaluation in Section 2.
Next, we outline possible application areas for transaction
log-based simulators, and discuss some of the challenges that
need to be addressed, in Section 3. We summarize our views
in Section 4.

2.

SIMULATION FOR IR

We now sketch some recent developments in simulation for
IR purposes. In particular, we focus on the specific aspects
of user interaction that have been simulated, and on how
simulators have been validated.
A common form of data used to inform simulators in IR is
manually created sets of queries and explicit relevance judgments. There are multiple scenarios where such data has
been exploited. For example, an approach for evaluating
novel interfaces for presenting search results is to create a
simulated user who clicks on relevant documents that appear on the screen [4, 10]. Another example is in simulating
queries for retrieval evaluation, for example by creating new
queries or sequences of queries from an existing query and
set of relevant documents [1, 8]. Here all simulated queries
generated from the same truth data are associated with the
same set of truth judgments.
When simulators are not informed by manually created
queries and document judgments, key challenges are to (1)
create queries, and (2) identify relevant documents for a
given query. One solution is to use document labels to
identify groups of related “relevant” documents: these documents are then considered relevant to the queries generated
from their combined text [7] (the document labels themselves are not used in the query generation process). Another solution is to address retrieval tasks where only one
document is considered relevant to a query, as in for example
known-item search. Here Azzopardi et al. [2] used document
collections in multiple European languages to simulate pairs
of queries and relevant documents, and compared them to

sets of manually created known-item queries.
For the simulation approaches mentioned above, it is unclear to what extent they reflect real-world queries and result interactions. This can be addressed through the use of
transaction logs, as we discuss in the next section.

3.

LOG-BASED SIMULATORS

Following on from our brief description of simulation in
IR in general, we turn to directions for research in the development of transaction log-based simulators for IR.
The first direction for research is the realistic simulation of
queries and clicks. We ourselves investigated this task using
transaction logs from an archive search engine [5]. We validated each simulator by ranking different retrieval systems
on its output data, and comparing this to a “gold-standard”
retrieval system ranking obtained by evaluating the systems
on actual log data. We found that incorporating information
about users in the simulation model improved the simulator output. Another approach to simulation of queries and
clicks was taken by Dang and Croft [3], who worked in a
web setting. Here, anchor texts were available, which they
used as simulated queries. The purpose here was to evaluate the effect of different query reformulation techniques.
The authors compared retrieval performance on the simulated queries to retrieval performance on queries and clicks
taken from an actual search log, and found that the simulated queries showed retrieval performance similar to real
queries.
A second direction for research is the simulation of sessions—sequences of queries and clicks. Retrieval evaluation
with explicitly judged queries and documents generally considers each query in isolation. Transaction logs, however,
offer us a wealth of information about query modification
behavior, and there is broad interest in the IR community
about using such information for retrieval system evaluation.
What is needed here is to develop and incorporate into the
simulator insights about possible “moves” in a session, based
on different assumptions about user intent.
A key problem when designing a simulator is ensuring that
it is valid for the purpose for which that simulator is developed. Sargent [9] identifies three types of validity in the
simulation model: conceptual model validity, the validity of
the underlying assumptions, theories, and representations
of the model; model verification, the correctness of the programming and implementation of a conceptual model; and
operational validity, the accuracy of the output data created by a simulation model. Transaction logs, due to the
large number of interactions that they record, offer a wealth
of data for quantitatively determining operational validity.
The measure of validity will vary according to the purpose
of the simulator. For example, when generating simulated
queries and clicks for comparing retrieval systems, a valid
simulator is one that produces output data that scores different retrieval systems in the same way as data derived from
actual transaction logs. Here a rank correlation coefficient
such as Kendall’s τ can be used to compare the rankings of
retrieval systems on real and simulated output [5].
An open question in developing transaction log-based simulators is whether those simulators are transferable to new
domains. The data contained in a transaction log represents
the actions of a specific set of users on a specific search engine. A simulator that captures general aspects of user behavior could successfully be applied to new collections.

4.

SUMMARY

In this position paper we have discussed the potential of
transaction log data for developing and validating simulators
for IR experiments. In particular we have discussed the creation of simulators for two scenarios: generating evaluation
testbeds consisting of artificial queries and clicks; and creating simulations of session behavior in terms of sequences
of queries and clicks. We discussed some of the challenges
in creating such simulators, including the validation of simulation output. It is our view that transaction logs pose
a rich source of information for simulator development and
validation. By producing simulators that accurately reproduce the queries and clicks contained in transaction logs, we
will not only be able to generate data for different retrieval
tasks, but we will also obtain a better understanding of the
behavior of users “in the wild.”
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