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ABSTRACT

Modeling how people interact with search interfaces has
been of particular interest and importance to the field of
Interactive Information Retrieval. Recently, there has been
a move to developing formal models of the interaction be-
tween the user and the system, whether it be to: (i) run a
simulation, (ii) conduct an economic analysis, (iii) measure
system performance, or (iv) simply to better understand the
interactions and hypothesise about user behaviours. In such
models, they consider the costs and the benefits that arise
through the interaction with the interface/system and the
information surfaced during the course of interaction. In
this full day tutorial, we will focus on describing a series of
cost (and benefit) models that have been proposed in the lit-
erature and how they have been applied in various scenarios.
The tutorial will be structured into two parts. First, we will
provide an overview of Decision Theory and Cost-Benefit
Analysis techniques, and how they can and have be applied
to a variety of Interactive Information Retrieval scenarios.
For example, how do we reduce the cost browsing facets? how
many results should we show per page? and how do we get
users to pose longer queries? The second part of the day
will be dedicated to building cost models where we will dis-
cuss different techniques to build and develop models from
which one can draw testable hypotheses from. In this more
practical session, we will also discuss how costs and bene-
fits can be estimated, and how the models can help inform
and guide experimentation. During the tutorial participants
will be challenged to build cost models for a number of prob-
lems (or even bring their own problems to solve). We will
then conclude with presentations of solutions followed by a
summary and overview of challenges and future directions.
This tutorial is aimed at participants wanting to know more
about cost models and how they can be applied, interpreted
and built in the context of information seeking, search and
retrieval.
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1. OVERVIEW AND BACKGROUND

An emerging area of research within Interactive Informa-
tion Retrieval (IIR) is the development of cost models that
characterize the cost of interaction with a particular inter-
face or particular features within the interface. Such cost
models have been used for various purposes, such as: (i) con-
trolling the number of interactions a simulated user can per-
form in a given period of time [13, 14], (ii) approximating the
time spent examining the results in a ranked list, e.g., within
time biased measures [31, 33], (iii) analyzing and empirically
evaluating the costs and benefits of different interfaces [7, 24,
28] (iv) estimating the cost of different courses of interaction
to determine the most efficient course of action [4, 23, 27].
Essentially, these lines of research have aimed at measuring
the cost that the user incurs, as opposed to traditional per-
formance measures, which only look at measuring the gain
or benefit that the user receives from such actions. Thus
such models/measures of cost complement and extend the
existing research on measuring the value of searching from a
user perspective [9]. IIR systems often provide various fea-
tures and functions, such as query suggestions and relevance
feedback, that a user may or may not decide to use. The de-
cision to take such a particular option has associated costs
and may lead to some benefit. Thus, a savvy user would
take decisions that maximises their net benefit. Given this
premise, it is possible to design interfaces that reduce costs
and increase benefits. Further, also helps to contextualise
and understand why users select one action over another
and hypothesise about how a user would interact under par-
ticular conditions. Through the tutorial we will describe an
array of models and draw a number of insights into different
decisions, provide explanations for observed behaviours and
show how it is possible to generate numerous testable hy-
potheses from the models. The tutorial will be composed of
two parts: (1) Theory and (2) Practice. In the theory ses-
sions we will cover how: cost-benefit analysis and decision
theory, and how it can be applied, followed by descriptions
and explanations of a series of cost (and benefit) models that
have been developed in the context of interactive informa-
tion retrieval and searching. In the practical sessions we will
focus on explaining how to building such models, how to use
the models in practice, along with a discussion on how to
estimate and measure costs/benefits in IIR. Then partici-
pants, in groups, will undertake a series of activities, where



they are challenged to build and develop a cost model for
IIR. Participants are free to bring along their own problem,
or work on the problems provided in class. The tutorial will
conclude with a discussion of solutions along with a sum-
mary of the challenges and future directions for modeling
costs in IIR.

2. FORMAT AND SCHEDULE

As previously mentioned the first half of the day will be
focused on theory and existing work, and the second half of
the day will be focused on how to build such models and a
practical session.

2.1 Introduction and the Economics of Search

In the first session we will briefly provide the context
and motivation for developing formal models of Informa-
tion Seeking and Retrieval (ISR). To begin, we will discuss
and describe various conceptual and descriptive models of
ISR, including Bates’ Berry Picking Model [15] and the ISR
framework proposed by Ingwersen and Kalvero [21], along
with other such models (e.g. [37, 25, 18]). This will pro-
vide the background for the tutorial where we point out the
limitations of such models and motivate the need to develop
models that are not only descriptive in nature, but which
help us to hypothesise and explain observed behaviours. We
will then provide an overview of Cost-Benefit Analysis tech-
niques and Decision Theory, before describing a series of
different models which attempt to answer various questions
like:

e who should search more the student or the profes-
sor? [17]

e how should facets be organised to reduce the cost of
interaction? [23]

e how long a user’s query should be? [10]

e should the user pose a specific or vague query?

e should the user take a suggestion or re-formulate?

e when should a user employ relevance feedback? [22]

e when would the “find similar” functionality be worth-
while to the user?

e when should a user stop searching? [16, 32]

e should a user examine many documents and issue few
queries, or vice versa? [2, 4]

In describing the different models, we will explore and ex-
plain how different parameters affect the decisions at play.
This will provide a number of insights into how these mod-
els can be used to inform experimentation, and guide further
research.

2.2 How To Model and Practical Sessions:

In the next session (after lunch), we will focus on how to
build cost models and how to use them to generate hypothe-
ses using various methods (analytical, graphical and compu-
tational) [36, 26]. The essence of such models is to develop
a cost function and a benefit function given the different in-
teractions that users can perform. Given these functions, it
is then possible to establish under what conditions cost is

minimized and/or benefit is maximized. Alternatively, given
the cost/benefit function for various interaction/choices it is
possible to compare when one choice is preferable to another.
This section will explore the following topics:

e Decision Making and Cost Models [20, 26].

e Optimality and Rationality [30, 29, 34].

e What choices are available? What are the limitations?
e What are the interactions, costs and benefits?

e What will vary? Parameters?

e Define the problem and the goal

e Construct a cost and benefit function

e What method to choose: analytical, graphically, com-
putational

e Solve, plot, compute
e Draw inferences and generating hypotheses
e How to estimate costs / benefits

e How to design/construct experiments based upon the
models

To help illustrate how to undertake the model building
process, we will use an example based on the simple sce-
nario of finding the first highly relevant document in a re-
sult list [11]. We will describe how we can characterize the
problem, enumerate the different variables, and show how
the different variables impact the overall cost and the de-
sign of the interface. Given this scenario, we will show how
we can devise a number of experiments to empirically test
and explore the model - and discuss how it is possible to
estimate various costs and benefits.

The final session of the tutorial will be dedicated to build-
ing models. For example, participants will be given a context
such as a user trying to find an app on a mobile phone or
tablet. The goal here is to find the app that the user wants
to use. So the focus will be on building a cost function to
model the different ways in which the user can find the app,
e.g. search or browse. To add realism to the scenario, we
will consider different types of users, ones that can remem-
ber where the app is, and those who cant (i.e., best and
average/worse cases) as well as consider how screen size and
app icon size can be modelled to arrive at an optimal size
and layout for such interaction. During the practical ses-
sion, participants will be encouraged to abstract away the
details to form a representation of the problem, and identify
the main variables that are likely to influence the interac-
tion (i.e., the number of apps on the phone, the number of
apps per screen page, the cost of moving between screens,
etc.). These will be used to formulate the costs, then we
will be able to reason about when it is better to search for
an app and when it is better to browse. We will also con-
sider alternative designs, such as presenting the most used
apps first, or a hierarchical browsing structure, and whether
they are likely to be more efficient or not, or under what
circumstances.



3. INTENDED LEARNING OUTCOMES

By the end of the tutorial, participants should be able to:

e Understand the context and rationale for formal mod-
els;

e Describe and explain different types of cost/benefit
models;

e Define and create a cost/benefit model;

e Explain and infer the predicted user behaviour given
the cost models;

e Generate hypotheses regarding user behavior given cost/benefit N

models.

4. PRE-REQS, AUDIENCE, LENGTH, ETC

A basic understanding of Information Retrieval will be as-
sumed. That is, we expect the attendees to know what an IR
system is, the inputs and outputs of the system, the standard
ways to evaluate a retrieval system, along with some knowl-
edge of the different types of retrieval models (i.e., vector
space, best match, etc.) [35]. Some basic math knowledge
is helpful (i.e., differentiation, etc.), but not required as key
concepts will be explained along with alternatives methods,
i.e., computational methods and simulation.

The intended audience would be students undertaking a
PhD, and researchers that are interested in how to formal-
ize the problems that they are working on, specifically to
inform their experimentation, regarding user behaviour and
interaction. The tutorial is designed to be introductory pro-
gressing to intermediate.

The proposed tutorial is for a full day.

We will distribute slides and bibliography to participants
along with exercise sheets for in-class exercises.

This tutorial focuses in on cost models, specifically, and thus
is related to the series of tutorials on formal models, in gen-
eral, that we have presented at the Information Foraging
Summer School (2013-2014), a mini-tutorial on Information
Foraging Theory was presented at IIiX 2014, and full day
tutorials at ACM SIGIR 2015, ACM CIKM 2015, and an
advanced modelling course at ACM ICTIR 2016. In these
previous full day tutorials, the focus was on providing a
comprehensive overview of the different types of models, i.e.
economic models, information foraging theory, interactive
Probability Ranking Principle, and the Card Model. How-
ever this tutorial steps back and focuses on the fundamentals
i.e. of modelling costs and benefits.
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