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ABSTRACT
Simulation has been used within the field of Information Re-
trieval (IR) for many years to evaluate retrieval models and
other aspects of the wider IR process. In recent years, there
has been a renewed interest towards using simulation for
Interactive Information Retrieval (IIR), an area which fo-
cuses on the study of human interactions with IR systems.
A variety of different interaction models (e.g. click mod-
els) associated with behavioural aspects of searchers have
over time been developed and evaluated using simulation
in order for us to better understand the complex processes
involved. Despite these advances, such models are still rel-
atively näıve, and further work is required to make simula-
tions of searchers more realistic. To this end, this project
seeks to build more realistic simulations, using a more Com-
plex Searcher Model (CSM). Within the CSM, each com-
ponent and decision point can be varied and customised as
required. The CSM can then be instantiated using compo-
nents that are grounded from empirical evidence based upon
actual real-world searcher behaviour and interaction data.

Categories and Subject Descriptors: H.3.3 [Informa-
tion Storage and Retrieval]: Information Search and Re-
trieval:Search Process H.3.4 [Information Storage and
Retrieval]:Systems and Software:Performance Evaluation

Keywords Simulation; User Modeling; Search Strategies;
Search Behavior; Querying Strategies; Stopping Strategies;
Evaluation

1. INTRODUCTION AND MOTIVATION
The Information Retrieval (IR) community has centred

much of its recent research upon the so-called Cranfield
Paradigm. The paradigm revolves around the idea of a
test collection and associated relevance judgements for doc-
uments within said collection. This approach provides a
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standardised way in which one can evaluate their retrieval
system against a given baseline. While the general concepts
of the paradigm have remained in place since the 1960s, com-
ponents have over the years evolved as the associated data
and tasks have become ever more complex in nature [8]. Ex-
amples of use today include the NIST -sponsored Text RE-
trieval Conference (TREC) and other evaluation forums.

The Cranfield Paradigm today still largely remains the
de facto means of IR evaluation. Despite this however, the
approach possesses a simplistic means of examining the ac-
tions with which a real-world searcher undertakes. As such,
several different scientific approaches have been developed
to better understand the complex sequence of interactions
taking place, and are readily used in the study of Inter-
active Information Retrieval (IIR) which deals specifically
with the interactions between humans and search engines.
As outlined by Keskustalo et al. [9], the approaches can be
split into four distinct categories:

1. obtaining data from searchers in real-world situations (e.g.
log data from a commercial search engine);

2. observing searchers perform simulated search tasks (e.g.
a user study involving a search engine);

3. performing simulations in a lab environment (e.g. simu-
lations of interaction, without real-world searchers); and

4. traditional lab-based research, sans real-world searchers.

Experimentation with real-world searchers undertaking ei-
ther real or simulated search tasks is the preferred way to
study IIR (approaches 1 and 2 ). However, such experi-
ments require a significant level of effort to organise and
setup. They are also laborious to run, and are usually very
costly - both for the researcher and subject involved [3]. Ap-
proach 4 can be argued as a simplistic form of ‘TREC-style’
simulation, assuming a single query with a fixed number
of documents examined in a linear fashion. This approach
however is not interactive, and can be considered näıve.

This therefore leaves the simulation of real-world searchers,
incorporating interactive components such as relevance feed-
back and other interaction components (approach 3 ) as a
means of exploring IIR. As the main focus of this project,
simulation provides a rapid means of exploring the potential
limits of real-world searcher interactions at a low cost. Cur-
rent means of simulation are limited because they assume
searchers act in a fixed way, or act stochastically by exam-
ining content with fixed probabilities. Research has shown
that in reality, searchers tend to adapt their interactions
based upon the quality of the presented ranked list [14].



Snippet
Relevant?

Examine Topic Generate Queries Issue Query View SERP Examine Snippet

Click Document
Document
Relevant? Read DocumentMark Document

Continue?
?

Stop?
?

No, abandon  SERP Yes

Yes

No

Yes

No

Yes
No, issue next query

Figure 1: A flowchart of the current iteration of the CSM, complete with decision points (shown in grey)
and tasks (shown in white) that a searcher undertakes within the wider search/IIR process. The model is
adapted from Baskaya et al. [4] and Thomas et al. [16], with the figure itself adapted from Maxwell et al. [13].

Simulations of course would not be effective if the under-
lying models and assumptions do not adequately represent
the actions that real-world searchers would be inclined to
undertake [3]. While the IIR community has recently made
advances in user modelling (e.g. [1, 2, 4, 16]), a signifi-
cant amount of work is still required to make simulations
of searchers more credible. To this end, this project aims
to build more realistic simulations, starting with a Complex
Searcher Model (CSM), illustrated as a flowchart in Fig-
ure 1. Within the CSM, a complex search process is mod-
elled, where each component (e.g. query generation) and
decision point (e.g. deciding when to stop) can be varied
and customised. We also instantiate the CSM with compo-
nents grounded from empirical evidence based upon actual
real-world searcher behaviour and interaction data, provid-
ing realism to the simulations.

2. RESEARCH QUESTIONS
The initial focus of this project will involve addressing

the first three research questions, which revolve around im-
proving querying and stopping components. The latter part
of this project will then ensure the realism, flexibility and
validity of the developed components as a whole.

RQ1 How can we create more realistic stopping components
that reflect different types of searcher stopping be-
haviour?

Addressing this research question will require research
to RQ1.1 examine what factors specifically influence the
stopping behaviours of searchers, and RQ1.2 which opera-
tionalised stopping strategies best reflect the actual stopping
behaviours of real-world searchers.

We also address the issue of query generation.

RQ2 How do we create more realistic querying components
that reflect upon different types of searcher querying
behaviour?

Specifically, we wish to examine RQ2.1 what factors in-
fluence querying behaviours; RQ2.2 how we can rank and
select queries for issuing to the underlying search engine;
and RQ2.3 how we can revise the list of possible queries
that can be issued as the simulated searcher ‘learns’ from
examining snippets and documents. This final point is of

particular importance to building a realistic query gener-
ation component for the CSM, but will however require a
modification of the CSM to allow for the updating of poten-
tial query terms. These findings, in combination with the
findings related to stopping behaviour, leads to the following
overarching question.

RQ3 What is the interplay between querying and stopping
strategies, and other components of the CSM?

Of course, the CSM presented in Figure 1 contains a va-
riety of different components that can be explored. While
the time available for this project does not permit a thor-
ough exploration of all, there are still some areas in which
potential improvements in realism can be made.

RQ4 What other components of the CSM can be improved
or refined to make the underlying model more realistic
and flexible?

For example, based upon the data available at a given
point, how can we RQ4.1 assess the quality of a provided
Search Engine Results Page (SERP) from first impressions?
RQ4.2 What features do searchers look for that give them
confidence the SERP may contain useful information related
to their information need?

Our final research question can neatly encapsulate all of
the efforts towards the previous four questions, examining
the realism of the simulations run with the CSM.

RQ5 With grounded CSM components, will the actions
performed by simulated searcher be indistinguishable
from those performed by actual searchers?

This question revolves around the concept of the so-called
Belkin test. When provided with the interaction logs of both
a real-world searcher and simulated searcher under similar
conditions (e.g. time constraints), would one be able to
differentiate between the two?

3. METHODOLOGY AND PROGRESS
This section details the work that has been undertaken

thus far towards this project, highlighting the key accom-
plishments and findings towards addressing the overarching
research questions provided in Section 2. The main ap-
proach taken for this project entails: (i) the collection of



real-world searcher interaction log data through a controlled
user study [11]; (ii) the design and implementation of an IIR
simulator (Section 3.1); and (iii) the use of the simulator and
searcher interaction log data to implement and evaluate new
components for the CSM (Section 3.2).

3.1 SimIIR and the CSM
Underpinning the remainder of this project, we have de-

veloped an open-source searcher simulator framework called
SimIIR, available at http://git.io/vZ5mH. SimIIR oper-
ationalises the CSM, as detailed in Figure 1, and is based
upon two salient interaction models by Baskaya et al. [4]
and Thomas et al. [16]. Experimental setups for publications
utilising SimIIR are also available at http://git.io/vOBLz.

3.2 Modelling Stopping Behaviours
We then began an investigation into a series of differ-

ent stopping strategies, a means to describe the point at
which searchers decide to stop examining a provided SERP.
The stopping strategies are encoded within the CSM as the
two decision points, highlighted with question marks (?) as
seen in Figure 1. Many studies examining the stopping be-
haviours of searchers have found searchers use their intuition
when deciding when to stop, with the belief that what they
find is ‘good enough’ [13]. Despite this, several researchers
proposed a series of stopping rules and heuristics [5, 6, 7, 10].

We used some of these defined rules and heuristics and op-
erationalised them, examining the effectiveness of each with
a simulated analysis [12]. We used a fixed-depth baseline
stopping strategy (e.g. P@k) and two implementations of
the frustration point/disgust stopping rules [6, 10], one con-
sidering the total number of snippets judged non-relevant,
with the other considering the number of snippets judged
non-relevant contiguously. The simulations were conducted
over the AQUAINT and WT2g collections using topics as-
sociated with each collection, with each stopping strategy
trialled over a wide range of thresholds (e.g. stop after x
snippets are judged non-relevant). Our findings from the
study showed that our implementations of the frustration
point/disgust rules resulted in higher levels of gain per sec-
ond across a number of different querying strategies. This
work was then taken further with the implementation of
three additional, more sophisticated stopping rules [13]. We
also compared simulated behaviours against that of our real-
world searcher log data [11], finding that the same, adaptive
stopping strategies yielded the closest approximations.

4. FUTURE WORK
As much of the work related to RQ1 is complete, some

aspects do still remain. For example, Smucker [15] identi-
fied different categories of searcher depending on their in-
teraction characteristics (e.g. searchers who are fast at ex-
amining snippets, and likely to consider them relevant). By
clustering searchers from our user study [11], we could deter-
mine what stopping strategies and associated threshold val-
ues best approximates searcher behaviours by cluster/group.

Secondly, with regards to RQ2, work is required to de-
termine how to construct better queries based upon content
examined by a simulated searcher as they progress through a
search task. A detailed analysis on the factors that influence
querying behaviour, coupled with a closer examination be-
tween the links of stopping and querying behaviours, should
provide us with a means to address RQ3.

With so many different components of the CSM that can
be addressed, we will then explore the phase of initial SERP
examination, addressing RQ4. Understanding behaviours
exhibited by searchers at this phase would allow us to sig-
nificantly improve the realism of the CSM, as skipping poor
SERPs would save the simulated searcher time and effort.

With these implemented components and observed im-
provements in real-world searcher approximations, we should
then be able to provide an answer to RQ5, or at least
specify which aspects still need improvement. A final im-
portant question that can be raised is whether the findings
from these simulated studies will generalise across different
searchers. As such, it may be beneficial to conduct a fur-
ther user study for comparison against our simulations and
examine if the results generalise across studies.
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