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SUMMARY

Interactive information retrieval (IIR) is a user-centered approach to information seeking
and retrieval. In this paradigm, the search process is not confined to a single query and
a static set of results. Instead, it emphasises the active involvement of users in refining
their information needs, iteratively modifying queries, and exploring retrieved content. IIR
studies research how to facilitate a more tailored and practical search experience, adapting
to the evolving requirements and preferences of users. In this thesis, we focus on four
distinct yet interrelated areas in the domain of IIR to have a better understanding of the
interaction between the user and the information retrieval system.

How users interact with a search system depends on several things, including, but not
limited to, the device on which they search, the interface, the task at hand, their prior
expertise and so on. In Chapter 2, we explore the role of search interface layout and task
complexity on user search behaviour and their task effectiveness. We aim to reproduce
the setup of two IIR studies conducted a decade back that explored the effect of the search
interface and task complexity on user behaviour. As search interfaces have kept on evolving,
we ask the question of whether user search behaviour has remained the same. Our goal is
to observe to what extent the findings from those two studies still hold today.

Next, we focus on a specific aspect of IIR, called Search as Learning (SAL), where
users participate in learning-oriented search tasks. These search tasks are exploratory,
involving multiple iterations that require cognitive processing and sensemaking. It often
requires the searchers to spend time scanning, viewing, comparing and understanding
documents. Prior studies have shown that, in offline classroom learning scenarios, active
reading tools like highlighting and note-taking tools help learners better process what
they read and consequently help their learning outcomes. In Chapter 3, we explore to
what extent highlighting and note-taking tools, when we implement and incorporate them
into the interface of a standard search engine, affect search behaviour and users’ learning
outcomes. We intend to explore if they are also beneficial in the online SAL scenario.

While designing and incorporating widgets (e.g. a note-taking tool) in a search interface,
researchers face numerous design decisions regarding where to place the widgets, what they
should look like, what functionalities they must have and so on. Due to budget constraints,
it is not feasible to run A/B tests on all possible options. Thus, next in Chapter 4, we
build a user model leveraging Search Economic Theory (SET), where we, for the first time,
incorporate positional information of widgets. SET is based on micro-economic theory
that assumes that users are rational agents—they aim to maximise profit and minimise cost.
Previous work has utilised SET to develop models for predicting user interaction under
various circumstances where widgets on the SERP are typically considered fixed, and their
position is not part of the user model definition. Thus, in this thesis, we explore if we
can derive a sensible hypothesis of user behaviour using our user model that incorporates
positional information of widgets.
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xii SUMMARY

Finally, having so far dealt with documents in text modality of presentation, in Chapter 5
we look into the voice modality of presentation in the context of collecting relevance
judgments for building test collections by employing crowdworkers. Previous studies have
explored to what extent various factors like document length, topic difficulty, cognitive
aspects of crowdworkers, etc., affect their relevance judgement effectiveness. However,
none of them considered the presentation modality of the documents to be judged. Audio-
only devices are getting popular, and leveraging these devices can increase the scope of
collecting relevance judgements. For example, crowdworkers can judge document on-
the-go, those with visual disabilities can also participate in the judgement task and so on.
Thus, we observe how the presentation modality of documents, that is, representing them
as text or voice, affects the relevance judgement effectiveness of crowdworkers. We also
explore to what extent there is an interplay of document length and cognitive aspects of
crowdworkers with the presentation modality.

With the studies conducted in this thesis, we make scientific contributions to the field
by providing novel insights covering a breadth of topics and advancing our understanding
of the field. We hope our contributions pave the way for further research and exploration
in the field of IIR with the ultimate goal of enhancing the web search experience and
performance of users.



SAMENVATTING

Interactive Information Retrieval (IIR) is een op de gebruiker gerichte benadering van het
zoeken en verkrijgen van informatie. In dit paradigma is het zoekproces niet beperkt tot
een enkele zoekopdracht en een statische set resultaten. In plaats daarvan benadrukt het de
actieve betrokkenheid van gebruikers bij het verfijnen van hun informatiebehoeften, itera-
tief aanpassen van zoekopdrachten en verkennen van opgehaalde inhoud. IIR-onderzoeken
richten zich op hoe een meer op maat gemaakte en praktische zoekervaring kan worden
gefaciliteerd, aangepast aan de evoluerende eisen en voorkeuren van gebruikers. In deze
scriptie richten we ons op vier afzonderlijke maar onderling verbonden gebieden binnen
het domein van IIR om een beter begrip te krijgen van de interactie tussen de gebruiker en
het informatieretrievalsysteem.

Hoe gebruikers omgaan met een zoeksysteem hangt af van verschillende factoren,
waaronder, maar niet beperkt tot, het apparaat waarop ze zoeken, de interface, de taak
die ze uitvoeren, hun eerdere expertise enzovoort. In Hoofdstuk 2, onderzoeken we de
rol van de lay-out van de zoekinterface en de complexiteit van de taak op het zoekgedrag
van de gebruiker en hun taakeffectiviteit. We streven ernaar de opstelling van twee IIR-
onderzoeken die tien jaar geleden zijn uitgevoerd en die het effect van de zoekinterface en
de complexiteit van de taak op het gebruikersgedrag hebben onderzocht, te reproduceren.
Omdat zoekinterfaces blijven evolueren, stellen we de vraag of het zoekgedrag van gebrui-
kers nog steeds hetzelfde is. Ons doel is om te observeren in hoeverre de bevindingen van
die twee studies vandaag de dag nog steeds geldig zijn.

Vervolgens richten we ons op een specifiek aspect van IIR, genaamd ‘Search As Learning’
(SAL), waar gebruikers deelnemen aan op leren gerichte zoektaken. Deze zoektaken zijn
verkennend, omvatten meerdere iteraties die cognitieve verwerking en betekenisgeving
vereisen. Het vereist vaak van de zoekers dat ze tijd besteden aan scannen, bekijken,
vergelijken en begrijpen van documenten. Eerdere studies hebben aangetoond dat actieve
leesinstrumenten zoals markeren en notities maken leerlingen in offline klaslokaalscenario’s
helpen om beter te verwerken wat ze lezen en bijgevolg hun leerresultaten verbeteren. In
Hoofdstuk 3, onderzoeken we in hoeverre markeren en notities maken, wanneer we ze
implementeren en opnemen in de interface van een standaard zoekmachine, van invloed
zijn op het zoekgedrag van gebruikers en de leerresultaten van gebruikers. We willen
verkennen of ze ook gunstig zijn in de online SAL-scenario’s.

Bij het ontwerpen en opnemen van widgets (bijv. een notitietool) in een zoekinterface
staan onderzoekers voor tal van ontwerpbeslissingen over waar ze de widgets moeten
plaatsen, hoe ze eruit moeten zien, welke functionaliteiten ze moeten hebben, enzovoort.
Vanwege budgetbeperkingen is het niet haalbaar om A/B-tests uit te voeren voor alle
mogelijke opties. Daarom bouwen we in Hoofdstuk 4, een gebruikersmodel op basis van
de Search Economic Theory (SET), waarin we voor het eerst positionele informatie van
widgets opnemen. SET is gebaseerd op micro-economische theorie die ervan uitgaat dat
gebruikers rationele agenten zijn - ze streven naar het maximaliseren van winst en het
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minimaliseren van kosten. Eerdere werk heeft SET gebruikt om modellen te ontwikkelen
voor het voorspellen van gebruikersinteractie onder verschillende omstandigheden waarbij
widgets op de SERP doorgaans als vast worden beschouwd en hun positie geen deel
uitmaakt van de definitie van het gebruikersmodel. In deze scriptie onderzoeken we dus of
we een zinvolle hypothese van gebruikersgedrag kunnen afleiden met ons gebruikersmodel
dat positionele informatie van widgets opneemt.

Tot slot, nadat we tot nu toe met documenten in de text modaliteit van presentatie
hebben gewerkt, kijken we in Hoofdstuk 5, naar de voice modaliteit van presentatie in de
context van het verzamelen van relevantieoordelen voor het bouwen van testverzamelingen
door gebruik te maken van crowdworkers. Eerdere studies hebben onderzocht in hoeverre
verschillende factoren zoals documentlengte, onderwerpsmoeilijkheid, cognitieve aspecten
van crowdworkers, enzovoort, van invloed zijn op hun effectiviteit in het beoordelen van
relevantie. Echter, geen van hen overwoog de presentatiemodaliteit van de te beoordelen
documenten. Audio-only apparaten worden steeds populairder, en het benutten van deze
apparaten kan de mogelijkheden voor het verzamelen van relevantieoordelen vergroten.
Bijvoorbeeld, crowdworkers kunnen documenten beoordelen terwijl ze onderweg zijn,
mensen met visuele beperkingen kunnen ook deelnemen aan de beoordelingstaak, en-
zovoort. Daarom observeren we hoe de presentatiemodaliteit van documenten, dat wil
zeggen, ze voorstellen als tekst of stem, van invloed is op de effectiviteit van crowdworkers
bij het beoordelen van relevantie. We onderzoeken ook in hoeverre er een wisselwerking
is tussen de lengte van het document en de cognitieve aspecten van crowdworkers met de
presentatiemodaliteit.

Met de studies die in deze scriptie zijn uitgevoerd, leveren we wetenschappelijke
bijdragen aan het vakgebied door nieuwe inzichten te bieden die een breed scala van
onderwerpen beslaan en ons begrip van het vakgebied bevorderen. We hopen dat onze
bijdragen de weg effenen voor verder onderzoek en verkenning op het gebied van IIR, met
als uiteindelijk doel de webzoekervaring en prestaties.
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INTRODUCTION

earching for information on computers is an everyday thing. When users have an
S information need, they turn to contemporary commercial Information Retrieval (IR)
systems such as Google and Bing. The users expect these IR systems to return results
relevant to their information needs. Typically, these results are ranked by decreasing
order of relevance. When a user searches for information using an IR system, several
interactions occur between the user and the IR system, where the user’s goal is to satisfy
their information need. The study of Interactive Information Retrieval (IIR), a sub-field
of the broader study of IR, is primarily devoted to considering the interactions between the
searcher and retrieval system [44]. In this thesis, we aim to deepen our understanding of
the interactions between the user and retrieval system by conducting four studies in the
space of IIR.

The need to access information effectively has been present throughout human history.
Prior to the age of computers, libraries typically housed extensive collections of books and
papers. In addition to using these catalogues, an individual seeking out information could
also interact with trained librarians, a process commonly known as reference interview [48].
The librarians who maintained such collections had a good overview of the inventory and
were trained to assist the searchers in expressing their needs and help them find relevant
information. The development of the Internet and World Wide Web (WWW) [38]
enabled a massive surge of information to be present online and accessible for users looking
to satisfy their information needs. How users explore and access this knowledge also differs
from how they access information offline (e.g., in libraries).

The development of IR systems like commercial web search engines enables information
seekers to search the ever-growing space of information available via the internet with
minimal effort. Given a query that represents the information need of a user, an IR
system searches through a collection of unstructured or semi-structured data (such as a
collection of web pages or other text documents, or even images or videos, representing
multimedia retrieval) before returning potential matches to the searcher. The matching
process (of documents in a collection and the user query) can be performed using different
methodologies. The broader field of IR primarily deals with evaluating system-sided aspects
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Figure 1.1: Model of how users interact according to the Cranfield paradigm

concerning the methodologies and quality of returned rankings, how efficient the retrieval
engine is, etc.

At the core of much of the research conducted in the field of IR lies the Cranfield
paradigm, a term that signifies a standardized approach to evaluating IR systems [65].
This paradigm is primarily attributed to Cyril Cleverdon of Cranfield University. It revolves
around the concept of standardized test collections — structured sets of documents that
can be utilized by various researchers, thereby establishing a consistent foundation for
experimenting with IR methodologies. Through the utilization of the Cranfield paradigm,
we have achieved notable strides in the realm of evaluating IR systems. Nonetheless, there
is an argument that this approach may possess certain limitations when viewed from the
perspective of IIR as it oversimplifies the intricate interactions occurring between a searcher
and a retrieval system [43, 120]. The experimental frameworks that have emerged from
the Cranfield paradigm are built upon a set of assumptions of simple interactions between
the user and the IR systems that often diverge significantly from the actual dynamics of
how they engage with such a system(Figure 1.1). These assumptions can be summarized
as follows:

« The searcher will submit a single query throughout a search session.

« They will examine documents upto a predetermined depth (typically set at around
100 in TREC experiments).

« They will assess all documents to that fixed depth.

In other words, the paradigm broadly needs to consider the complexities that arise
from the user-sided aspects core to IIR. Inspired by an event in their daily lives (perhaps
by observation, reading a book, or through conversation with another human), a searcher
will have an information need. This information need can arise from a knowledge gap in
the searcher’s mind, an internal inconsistency in what they are experiencing, or a conflict
of evidence. The searcher will then begin the IIR process to satisfy their (perhaps vague)
information need. Upon bringing up the interface of a retrieval system, the searcher starts
their so-called search session, which begins with formulating the information need as a
query. Once the query has been submitted, a series of interactions occur between the
system and the searcher [120] as depicted in Figure 1.2. Results will be retrieved by the
underlying retrieval system and presented to the searcher in the form of a Search Engine
Results Page (SERP). Depending on the features available on the corresponding SERP, the
searcher may decide to examine snippets click and read returned results, explore images,
videos or other verticals, scan direct answers or entity cards, etc. These interactions,
occurring on the SERP, are essential to those studying IIR.
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Figure 1.2: A model of a simplified version of the IIR process inspired from the works of [176, 272]. Depending on
the specific search system, available search widgets and the task at hand there will be other decision points or
actions taken by the user.

Searchers could also issue multiple queries during a search session. Subsequently,
they would adapt their interactions based on the perceived quality of presented ranked
result lists [188]. The interactions will also depend on the complexity of the task at hand—
searchers would expect the first result to be relevant for navigational tasks (e.g., finding
the homepage of Burton)." In contrast, they would be willing to spend more time and
effort searching for more complex tasks (e.g., comparing different climbing shoes to buy).
Moreover, in the ever-changing landscape of web search, not only how the results being
presented have gone through multiple transformations (from ‘ten blue links’ to Bing Chat),
but numerous widgets and functionalities tailored to specific search goals (e.g., answer
cards, query suggestions, entity cards etc.) have been added (and sometimes removed) from
the web search interfaces. The presentation of results, including their order, formatting,
and visual elements, plays a crucial role in determining how searchers engage with the
information presented [13, 15, 45, 81, 165, 194, 240, 304]. For example, top results and those
with rich features like featured snippets or image carousels tend to attract more attention
due to their prominence [219].

The study of IIR attempts to understand searcher’s interactions with an IR system and
incorporate new findings into the development of retrieval systems [51]. IIR studies can
include aspects from both user-sided and retrieval system-sided research. For example, one
might present the results of a user study examining a particular phenomenon of a searcher’s
behaviour and provide details of a system-sided evaluation. As discussed by Kelly et al.

Thttps://www.burton.com/
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[135], IR can trace its roots back to a variety of different disciplines, including traditional
IR (i.e. exclusively system-sided research); library and information sciences; psychology;
and Human-Computer Interaction (HCI). Typically presented as a branch of IR and
HCI, arguments also exist to consider IIR as a distinct area of research [237].

Work to improve our understanding of the user-IR system interaction has been un-
dertaken in various aspects of the study of IIR, including (but not limited to) interaction
in the presence (or absence) of various SERP components [13, 15, 165, 240, 249], or while
undertaking search goals of varying levels of complexity [16, 127, 233], modelling of user
interactions [19, 33, 181], etc. These prior researchers have aided in uncovering critical
insights related to user interaction during their information-seeking process. For example,
searchers have been observed to follow an F-shaped pattern while navigating a SERP [81].
Behavioural metrics like document reading time or number of clicks on SERP have been
shown to correlate with the amount of knowledge searchers gain during a search session
tailored towards learning [68, 84].

In this thesis, we aim to deepen our understanding of four such aspects of IIR—(i) effect
of SERP layout and task complexity on user interactions; (ii) influence of learning tools
on user interaction and learning outcomes during a learning-oriented search process; (iii)
modelling user interaction; and (iv) effect of document modality on collection of relevance
judgements. In the following sections, we describe in detail each of these aspects, together
with our main research questions and key findings.

1.1. (RE)-EXAMINING USER INTERACTIONS

Prior work in IIR have shown how (and where) content is displayed in a SERP [16, 249,
265] affects user interaction. The incorporation of heterogeneous content like images,
videos etc. [13, 15, 45, 81, 165, 194, 240, 304] also affects user interaction. In addition,
past research [16, 256, 265, 304] has shown that user behaviour on the SERP does not
only depend on the presentation of information, but also on the search task at hand. For a
navigational task such as finding the homepage of Burton’, a user—in the ideal case—requires
a single query and a single click. Contrast this to an informational task, such as ‘good
and affordable ski-resorts in Europe’. Such tasks require the scanning of multiple results
and likely result in further query reformulations to learn more about specific suggestions.
While contemporary web SERPs maintain the original idea of a list of items that are
ranked in decreasing order of relevance, alternative presentations such as a grid layout—as
also recently (again) popularised by You.com—have also been explored [128, 193, 256, 305].
Moreover, as the layout of SERPs of commercial web search engines has evolved, users have
become accustomed to different types of SERPs (Figure 1.3). From an IIR reproducibility
perspective, this begs the question—do users exhibit similar web search behaviour today
compared to 10 years ago?

Despite numerous research in IIR, there needs to be more effort to reproduce findings
from past research. IIR research often involves a combination of qualitative and quanti-
tative methods, and the complexity of studying user interaction can sometimes make it
challenging to ensure full reproducibility. Factors such as variations in study participants,
differences in experimental setups (e.g., the search system deployed, interfaces of the search
system, retrieval algorithms, corpus, etc.), and ethical concerns regarding the release of
experimental logs contribute to difficulties in replicating IIR studies. To this extent, in this
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thesis, we focus our attention on reproducing the experimental setup of two prior studies:
Arguello et al. [16] (published in 2012) as well as Siu and Chaparro [256] (published in
2014)—these both investigated how user interactions on the SERP are influenced by the
presence or absence of heterogeneous content, the layout of the SERP (list vs. grid), and
task complexity.

The process of reproducing prior user studies will further enable us to identify potential
challenges in reproducibility in an IIR context. Our goal is to pinpoint important factors
that future researchers should be aware of while setting up their IIR studies to ensure
better reproducibility of their findings. Reproducibility in science ensures that the findings,
methods, and conclusions of scientific studies can be independently verified and validated
by other researchers. When research results can be replicated by different individuals or
groups using the same methods and data, it strengthens the reliability and robustness of
scientific knowledge. In the other areas of computer science, there has been a growing
recognition of the significance of reproducibility, leading to various initiatives aimed at
replicating and validating research outcomes. Efforts like the ‘ACM Artifact Review and
Badging’ initiative encourage authors to provide the necessary materials for others to
reproduce their results, fostering transparency and accountability. Platforms like GitHub
have enabled researchers to openly share their code and data, facilitating the validation of
computational findings. Additionally, conferences like SIGIR, NeurIPS, ICML, and others
have introduced reproducibility tracks, where researchers can submit papers focusing on
reproducing and validating previously published work.

Inspired by the two papers we reproduced, the following broad research questions
(B-RQ) guide our chapter 2.

B-RQ1: How do the layout of the SERP and the complexity of the task at hand
affect user interaction? To what extent has user interaction with web search engines
changed in the last ten years?

Findings and Contribution: To answer B-RQ1, in Chapter 2, we conduct a user study
with 41 participants where the layout of search results on the SERP and task complexity
are the primary dependent variables. We experiment with four different SERP layouts and
tasks belonging to 4 different levels of task complexity. Specifically, we explore whether
eight observations from [16, 256] about users and their interactions with list vs. grid
layouts across different task complexities hold today. We find that both results layouts on
SERP and task complexity significantly affect various aspects of user interaction with web
search results. Regarding reproducibility, we find evidence to confirm two, with partial
evidence for four further hypotheses.

1.2. SEARCH AS LEARNING

The seminal paper of Marchionini [174] defines, what is known as Search As Learning
(SAL) [67] as search activities whose ultimate goal is human learning. Over the last decades,
people have turned to web search engines not only to access information quickly but also
to learn, discover and ingest information on topics of interest and gain knowledge on
those topics [42, 197, 229]. Searching for information to learn about how to get better at
snowboarding is an inherently different process than searching for the homepage of Burton.
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The former is a more complex process dependent on the searcher’s prior knowledge of the
topic. In this example, information relevant to a beginner snowboarding enthusiast might
not be relevant to someone more advanced. For the latter scenario, we can safely assume
that most searchers are looking for one specific website irrespective of the context from
where their information needs originated. Secondly, the former is a more complex and
iterative process where the searcher must read multiple documents, issue multiple queries
and spend more cognitive resources to process the information and gain knowledge on the
topic. In contrast, the latter is a more straightforward process where the searchers expect
to find the homepage of Burton as the first result returned by their search engine. However,
modern web search engines are tailored more towards the latter kind of search goal (quick
access to information) as compared to the former—there is not much support built to help
searchers scan, compare, evaluate and analyse the information they find [18, 99].

Previous research within the SAL domain has focused on: (i) understanding user
behaviours when undertaking a learning-oriented search task; [47, 84, 127, 160, 163, 189];
(ii) exploring different types of users and their behaviours (e.g., novices vs experts) [40,
84, 202, 233]; and (iii) the optimisation of retrieval systems for learning [267-269]. These
studies have shown that search behaviour and user characteristics affect learning outcomes
during the SAL process. In terms of scalable behavioural metrics as proxies for measuring
knowledge gained across a search session, the document dwell time is a good indicator
for learning [68, 84] as well as the number of SERP clicks [68] and the number of unique
domains present among the top-ranked search results [84]. In terms of user characteristics,
there have been contrasting findings on how their prior knowledge on a topic affects their
learning outcomes—while some found users with low prior knowledge achieved higher
learning gains than learners with at least some knowledge a priori [95], others did not find
a difference in learning outcomes between the two cohorts [162, 202].

Outside of the web search scenario, active reading strategies such as annotating content
(highlighting, note-taking, etc.) have been shown to have multiple benefits when engaging
in long and complex learning task [175, 214, 297, 314]. These tools enable learners to
limit their working memory load, as well as articulate and reformulate their thoughts.
In turn, this can lead to substantial improvements in the understanding and retention
of knowledge [140, 175]. Despite the apparent benefits of active reading tools within a
learning context, highlighting and note-taking tools are not found in contemporary web
search engines. Efforts have, however, been made to develop information organisational
tools (e.g., a note-taking interface allowing users to keep track of their search context)
[39, 80]. However, none of these studies explicitly measured the effect these tools had on
learning. Therefore, in this thesis, we explore the impact of users’ searching behaviour
and their learning process if, during a learning-oriented search process, they had access to
highlighting and note-taking affordances—tools that have been shown to aid in traditional
classroom learning. This research gap motivates our second research question:

B-RQ2: How do active reading tools affect user interactions and learning outcomes
during a learning-oriented search (SAL) process?

Findings and Contribution: To answer B-RQ2, in Chapter 3, we conduct another user
study with 115 participants observing the effect of two active reading tools (highlighting and
note-taking) on their learning outcomes and search behaviour. We measure their learning
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over two tasks: a recall-oriented vocabulary learning task [189, 233]; and a cognitively
demanding essay writing task [162, 260]. We observe that neither the highlighting nor the
note-taking tool helped participants in the vocabulary learning tasks. However, access to
only the highlighting or note-taking tool allows them to write better essays than participants
without the tools. We also observe that access to the highlighting tool leads participants
to submit fewer queries and spend more time examining documents. On the other hand,
note-taking leads to participants spending less time reading documents and taking more
notes. We also explore how different highlighting and note-taking strategies help with their
learning outcomes by investigating whether five hypotheses, inspired by the education
literature, hold up in our SAL setup, too. We confirmed three of those hypotheses and
showed that while engaging in complex learning-oriented search tasks on the web, merely
highlighting and note-taking may not benefit learners. Instead, how these tools change the
way the learners scan and process text is more important for learning while searching.

1.3. MODELING USER INTERACTION

One challenge of conducting user studies is that the experiment conditions must be deter-
mined. An IIR practitioner or a designer of a retrieval system/SERP has to make numerous
design decisions regarding positioning a particular widget (e.g., a note-taking tool) on the
SERP. In theory, there are innumerable design choices, as the widget in question can be
positioned anywhere on the SERP. The number of design choices keeps growing expo-
nentially as we include more than one design feature of the widget (e.g., location and size
of the note-taking widget, offered functionalities like text formatting, etc.). As it is not
possible to test all possible experimental conditions, they are usually decided based on best
guesses. In the previous study, we positioned the note-taking widget on the right side of
the SERP as that area is typically empty. However, one can argue about positioning it at a
different position. One way of overcoming this limitation is by the use of simulation.

Simulation is defined as the imitation of the operation of a real-world process or
system over time [32]. Such an approach allows one to gain insight into the functioning
of some real-world phenomenon, such as the interactions that take place during the IIR
process. Running simulations by modelling user interactions can help us rapidly explore
different scenarios (e.g., where to position the note-taking widget on the SERP), all at a low
cost and without needing to consider issues such as subject fatigue (within a user study,
for example). Ultimately, the goal is to only run user studies or A/B tests on interface
designs that have shown promise from prior simulations. Many models of user interaction
in the context of IIR have been defined in the past and can generally be categorised into
two groups: descriptive models [34, 36, 85, 120, 143, 302] and formal (mathematical)
models [19, 92, 217]. The former provides us with intuitions and a holistic view of a
user’s search behaviour (e.g., with the Berrypicking model [34], users pick through
information patches—analogous to people collecting berries). While they provide us with
explanations of why searchers behave in a particular manner, they do not allow us to
predict how a user’s search behaviour will change in response to changes to the SERP, the
quality of the results, etc. For this step, formal models such as Search Economic Theory
(SET) [19, 20], Information Foraging Theory (IFT) [216] or the Interactive Probability
Ranking Principle (iPRP) [92] are required. Of particular interest in this thesis is the
SET proposed by Azzopardi [19].
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SET is a theory explaining the search process in terms of economics — in particular,
microeconomic theory. Microeconomic theory assumes that individuals aim to optimise
their profits within the confines of budgetary or other limitations [288]. This framework
can also be an intuitive method for modelling interactions between humans and computers.
When presented with a demand (which might arise due to factors like contextual elements,
the core task, or the utilised system), individuals will invest effort in engaging with the
system, utilising internal resources like cognitive capacity, attention, and energy. Moreover,
users will face a cost incurred by expending external resources such as time, money, or
physical exertion (such as manipulating a mouse or typing on a keyboard) [184]. In the
sphere of IR, the interactions between users and systems can yield benefits in terms of
acquired information or the fulfilment of information requirements [26, 28]. Rational users
who seek to optimise the benefits from their interactions have two options: they can either
maximise the benefits they receive or minimise the costs and efforts they expend. In this
way, they align with the Principle of Least Effort [317].

Thus, with SET, we can relate changing costs (e.g., the cost of querying or the cost of
examining a search result snippet) to changing search behaviours. Prior work in this area
have focused on how users interact with ranked list [57, 187], their stopping behaviours [180,
303], the trade-off between querying and assessing [19, 20, 22], and browsing costs [27, 133].
However, in terms of the layout of the SERP, all these models typically assume simplicity
where interface components or widgets are usually fixed and not part of the formal model.
However, contemporary SERPs are complex, and widgets can appear at various positions
on the SERP. While prior work [177, 204, 291] have successfully employed formal models
to derive testable hypotheses of search behaviours, to the best of our knowledge, none
of them have, however, considered the position of a user interface widget as important
enough to include in the derived model. Hence, in this thesis, we employ the formal model
of Search Economic Theory to predict via simulation how the positioning of a search
interface widget impacts the search behaviour of users. With this focus, we selected one
specific SERP widget, a Query History Widget (QH W) to provide an initial exploration
of how to incorporate widget positioning into a SET-based model. It allows a user to view
and thus reflect upon their recently issued queries during a search session. The widget
is easy to understand for users. It involves only a small number of interactions—making
it ideal as the first widget to employ for our exploration and formulate our third broad
research question:

B-RQ3: How can we utilise the Search Economic Theory model of user interaction
to refine the design hypothesis space for widget positioning?

Findings and Contribution: To this end, in Chapter 4, we derive a position-aware
interaction model of search behaviour. We focus on the QH W and formulate a model that
can predict search behaviour related to the reissuing of queries from the same search session.
We use Fitts’ Law to approximate the cost of finding the widget based on its five different
positions on the screen. Based on our model and prior work, we develop five testable
hypotheses. We conduct a between-subjects user study with n = 120 participants. We
evaluate the impact of the position of QH W on search behaviour. We find partial support
for three out of the five hypotheses based on our study. We did find that widget positioning
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plays a role and changes a user’s search behaviour, and thus, position matters—and should
be incorporated into formal interaction models.

1.4. RELEVANCE JUDGEMENT COLLECTION

So far in our thesis, we have primarily dealt with user interactions with text documents.
We focus on a different modality—audio. Thanks to the development of voice-based con-
versational search systems, users have become accustomed to being presented with search
results that are read out to them, an approach that is very different from the presentation
of text on-screen. In this thesis, we observe the effect of representing documents in audio
clips on an essential aspect of IR—relevance judgment collection.

The methodology behind most classical IR research has focused on the Cranfield
paradigm. The goal of the paradigm is to measure a given retrieval system’s effectiveness
using a set of documents, information needs or queries and standard IR measures, precision
and recall. At the core of the experiments lie the concept of test collections consisting of
three components—(i) the corpus (collection of documents) to be used; (ii) the statements
of different information needs hereafter referred to as topics; and (iii) a set of relevance
judgements — a list of relevant documents that the retrieval system should retrieve in
evaluating each topic.

Several different evaluation forums have been derived from the Cranfield experimental
paradigm to develop improvements in the various retrieval models and other retrieval
system components. One of the most well-known evaluation forums is the U.S. government-
funded, NIST-sponsored Text REtrieval Conference (TREC). Each year, a series of TREC
tracks are defined, with each consisting of a test collection, in turn consisting of the
three components defined above. These tasks are used in conjunction with the relevance
judgements provided by assessors. Assessors are usually employees of NIST [225], who
were, in turn, previously employed as news analysts by various U.S. security agencies. A
series of documents (top - k) are extracted from the document collection using a simple
query (a process called pooling). Due to the potentially large document collections, pooling
is an acceptable solution to reducing the number of documents to be examined. As an
example, given the topic of wildlife extinction, the query wildlife extinction is issued over
several different retrieval systems. Documents returned are pooled together and then
judged by the assessors. For many TREC tracks, judgements are binary, with 0 denoting
non-relevance and 1 denoting relevance. Graded relevance judgements can also be used.

The traditional method of employing assessors is typically costly and does not scale
up [8] once the number of information needs or k increases. In the last decade, creating
test collections using crowdsourcing via platforms like Prolific or Amazon Mechanical
Turk (AMT) is a less costly yet reliable alternative [144, 318]. Nevertheless, how accurate
are crowdworkers in their relevance judgement, this question has been explored by many
studies where they have found that the relevance judgement effectiveness of crowdworkers
is dependent on several factors including (and not limited to) difficulty of the topic [74],
document length [58], their cognitive abilities [245] etc. In this thesis, we focus on an
aspect that has received little attention so far: the presentation modality of the documents
during the judging process. In this thesis, we posit that by utilising such audio-based
devices, we can increase the scope for collecting relevance judgements for text documents
in many ways. For example, crowdworkers can contribute by judging documents on their
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smartphones [7, 287], if they have visual impairments [224, 290, 319], or if they come from
a low-resource background [9, 224]. Although prior work have investigated crowdworker
quality and behaviour for the relevance judgement task [74, 106], and tooling to support
them in their task, we have few insights into the impact of a document’s presentation
modality on assessment efficiency and effectiveness. Hence, in this thesis, we investigate
whether it is feasible for crowdworkers to judge the relevance of text documents via a
voice-based interface as compared to the traditional way of reading them on a screen.

B-RQ4: How does the presentation modality of documents, text (reading on screen)
vs. voice (listening to audio clips) affect the relevance judgement process of assessors?
How do the cognitive abilities of assessors and their interplay with presentation
modality affect the effectiveness of relevance judgment?

Findings and Contribution: To answer B-RQ4, we conduct our last user study (Chap-
ter 5) with 49 crowdworkers where we measure their relevance judgements effectiveness
in terms of accuracy, time taken and perceived workload. We also explore the effect of
assessors’ cognitive abilities on their judgement effectiveness. Each crowdworker had to
judge the relevance of query-passage pairs either by reading the passages on-screen or
listening to audio clips. Relevance judgement accuracy was equivalent between crowd-
workers reading the passages and those listening. However, as passage length increases, it
takes participants significantly longer to make relevance judgements when they listen to
them than those reading the passages. Our results suggest that we can leverage the voice
modality for this task and the possibility of designing hybrid tasks, where we can use the
voice modality for judging shorter passages and text for longer passages.

Our research encompasses four distinct yet interrelated studies, presented in the four
chapters of our thesis. We delve into various aspects of user behavior, system design, and
the interactions between them. The chapters of this thesis collectively aim to enhance the
effectiveness, efficiency, and user experience in information retrieval scenarios.

1.5. THESIS ORIGINS
We now list the publications on which the research chapters are based on.
Chapter 2 is based on the conference paper:

B Nirmal Roy, David Maxwell and Claudia Hauff. 2022. Users and Contemporary SERPs:
A (Re-) Investigation. In SIGIR. 2765-2775 [232]

Chapter 3 is based on the conference papers:

& Nirmal Roy, Manuel Valle Torre, Ujwal Gadiraju, David Maxwell, Claudia Hauff. 2021.
Note the Highlight: Incorporating Active Reading Tools in a Search as Learning Envi-
ronment. In CHIIR. 229-238 [235].

B Nirmal Roy, Manuel Valle Torre, Ujwal Gadiraju, David Maxwell, Claudia Hauff. 2021.
How Do Active Reading Strategies Affect Learning Outcomes in Web Search? In ECIR.
368-375 [234].

Chapter 4 is based on the conference paper:
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@ Nirmal Roy, Arthur Camara, David Maxwell, Claudia Hauff. 2022. Incorporating
Widget Positioning in Interaction Models of Search Behaviour. In ICTIR. 53-62 [231].

Chapter 5 is based on the conference paper:

B Nirmal Roy, Agathe Balayn, David Maxwell, Claudia Hauff. 2023. Hear Me Out: A
Study on the Use of the Voice Modality for Crowdsourced Relevance Assessments. In
SIGIR. 718-728 [230].
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The Search Engine Results Page (SERP) has evolved significantly over the last two decades,
moving away from the simple ten blue links paradigm to considerably more complex presenta-
tions that contain results from multiple verticals and granularities of textual information. Prior
work investigated how the presence or absence of heterogeneous content (e.g., images, videos,
or news content), the layout of the SERP (list vs. grid layout), and task complexity influenced
user interactions on the SERP. In this chapter, we reproduced the user studies conducted in prior
work—specifically those of Arguello et al. [16] and Siu and Chaparro [256]—to explore to what
extent the findings from research conducted in 2012 and 2014 still hold today as the average web
user has become accustomed to SERPs with ever-increasing presentational complexity. To this
end, we designed and ran a user study with four different SERP interfaces: (i) a heterogeneous
grid; (ii) a heterogeneous list; (iii) a simple grid; and (iv) a simple list. We collected the
interactions of 41 study participants over 12 search tasks for our analyses. SERP types and task
complexity affected user interactions with search results. We also found evidence to support
most (6 out of 8) observations from [16, 256] indicating that user interactions with different
interfaces and solving tasks of varying complexity have remained mostly similar over time.

This chapter is based on the following