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Introduction

1. Introduction

In this thesis we investigate how organisations with overwhelming amounts of
information can support the diverse information needs of users by developing
internal search engines tailored to the users’ tasks. The empirical work focuses
on developing task-based search systems to meet the information needs of the
municipality of Utrecht.

This setting allowed us to compare general-purpose search engines to
search engines designed to address the varied needs of different municipal
knowledge workers, such as council members and policy workers.

Our research examines how to characterise and develop support for the
information needs of user groups with complex and (domain-)specific tasks.
We first introduce why the previous search systems at the municipality were
insufficient. These general-purpose search engines were developed when the
municipality and its information storages grew (section 1.1), but offered little
supportforthe specificinformation needs of council members and policy workers.
We designed search functionality to address the needs of specific user groups in
the organisation (section 1.2). We considered how to identify and characterise
the user tasks that require information (section 1.3) and how to design support
for these tasks (section 1.4). This leads us to our research questions (section
1.5), thesis contributions (section 1.6), and thesis outline (section 1.7).

1.1 One search for all

The municipality of Utrecht has over 5000 employees?, including knowledge
workers, public administrators, and municipal workers who increasingly work
with information. In the early days of the municipality, there was no need for
information systems. As council members, policy workers and others worked with
a growing amount of information, they started housing information in domain-
specific storage systems (see Figure 1 phase 1). These systems allowed users to
search for information by retrieving documents relevant to their search terms.
By 2018, the municipality maintained numerous isolated information systems,
including a content-management system, a system for archiving documents, a
system for searching for internal colleagues, and a system for planning council
meetings and archiving council information. In this fragmented information
infrastructure, it became challenging to know what information existed in the
organisation, or even where to start searching. Organisations typically solve this
by combining all information in a single generic search system [47] (see Figure
1 phase 2).

Pooling all documents in one system introduces new challenges however,
as different user groups engage with information for diverse purposes. For
example, users may require different answers to the same search input. A

1 https://www.utrecht.nl/bestuur-en-organisatie/werken-bij-de-gemeente/personeel-in-cijfers/,
accessed 05-12-2023
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council member searching for the ‘Uithoflijn” might be learning about a sensitive
political issue around a long-delayed tram line. Meanwhile, an employee who
lives at the Uithof might search for the ‘Uithoflijn’ to find out when the tram
line will finish construction. Satisfying the needs of different user groups within
the same system requires a means to characterise how their needs differ [47],
and appropriate functionality to support those needs (see Figure 1 phase 3).
The goal of this thesis is to investigate how we can specify the requirements for
targeted search applications, by developing such search engines for different
user groups at the municipality of Utrecht.

Figure 1. A search maturity model illustrating how organisations typically develop their
search applications over time. Typically, separate search applications are developed for
different domains at first (phase 1: searching in silos). Eventually, organisations tend to
seek a central access point for their information (phase 2: one search for all). However,
the requirements of different user groups can differ significantly, necessitating tailored
entrances towards the data (phase 3: targeted search applications). It remains unclear
how the requirements of these targeted search applications can be specified. The model
and accompanying image were created by Findwise based on their survey data [47].

1.2 Targeted search applications

As different user groups have distinct requirements, there is a benefit to tailoring
the search engine to these requirements. This is reflected in the search engine
industry, as vendors shifted from enterprise search engines towards insight
engines. Whereas enterprise search engines are typically marketed around
searching through all of a company’s data sources (see Figure 1 phase 2), insight
engines are positioned to leverage artificial intelligence to personalise the search
experience towards the needs of different users and user groups (see Figure 1
phase 3).

The primary way that systems personalise results is using Artificial
Intelligence (Al) techniques such as learning to rank which search results are
relevant given a search context [100]. Increasingly, large language models are
also offering the option to generate information that is relevant to a textual
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prompt. Search engines have made significant advancements in retrieving
(and generating) relevant information, particularly in domains with ample
training data such as web search. However, it remains unclear if similar degrees
of personalisation can be achieved through learning to rank within small to
medium organisations, which possess substantially smaller datasets. There is
limited scientific research measuring whether such personalising systems yield
significant improvements in work performance [169]. Moreover, generic search
functionality and generic Al techniques often fall short for users who have
complex and (domain-)specific information needs, which necessitate specialised
functionalities. For instance, a council member seeking to comprehend a council
information dossier would ideally have a visualisation of all pertinent information
from an overview perspective, rather than a set of relevant documents.

There is a need to establish a method for specifying the requirements of
user groups, facilitating the design of targeted search applications. To establish
such a method, we first consider scenarios where users may require specialised
support, and subsequently consider the nature of this support.

1.3 Characterising search tasks

The end goal of users is typically not merely to find information, but rather to
utilise that information for some specific purpose. We start from the premise
that the best search engine is the one that is most useful for this broader task
that the searcher is trying to perform [14]. For example, a council member’s task
might involve understanding how the previous city council decided to construct
the tram line ‘the Uithoflijn’, which requires them to find information about the
decision-making process.

Understanding the users’ tasks allows us to discern when specialised
search functionality is necessary. While generic search functionality may
suffice for simple search tasks, it may not be enough to support complex tasks.
(Municipal) knowledge workers in particular may require support, as they
perform intellectual tasks which are creative, relatively unstructured and build
upon the organisation’s knowledge in unexpected ways [133]. In their roles as
domain specialists and professional searchers, municipal knowledge workers
face complex [128] and specific [165] search tasks.

Specialised support for a task can reduce its complexity. In systems lacking
adequate support, users may find it unclear how to perform tasks in that system,
or users may be forced to perform sub-tasks (e.g. finding precise keywords).
Both of these factors increase task complexity [94, 26, 23], and can lead to the
search process being slower [83], more uncertain and more frustrating [87].
Consequently, users may abandon their search for information [138], or make
decisions based on incomplete information [17]. By designing specialised search
functionalities, we aim to mitigate the overall task complexity, thereby facilitating
a more informed (and hopefully better) decision-making process. Complex
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and (domain-)specific tasks in particular frequently necessitate specialised
functionalities. However, it is unclear how to characterise those tasks for the
purpose of designing supporting functionality.

In this thesis, we identify and characterise the search tasks of municipal
knowledge workers. This allows us contextualise and support their tasks. We
develop a task characterisation for the purpose of designing specialised search
functionality. Previous work has predominantly focused on domain-agnostic
task characterisations, such as Li and Belkin’s faceted task framework [94],
alongside others (e.g. [25, 130, 125]). These frameworks are useful to investigate
fundamental research questions on, for example, how tasks affect information
interaction (e.g. [95]). However, these models divorce tasks from their specific
domain and therefore they do not provide details on the information that is
sought in any particular use-case. To enable the development of targeted search
applications, we adapt their faceted task framework [94] to encompass domain-
specific task requirements.

Once we can characterise user tasks, we need a way to design specialised
search functionality around those tasks.

1.4 Specialised search functionality

Arguably, current search engines tend to support a small set of basic tasks,
leaving much of the work of complex tasks to the user [32]. Enabling systems to
perform more complex tasks requires a better understanding of the users’ tasks
and domains.

Search functionality can be specialised in at least two dimensions: it can
be domain-specific (or domain-agnostic) search, and task-specific (or general-
purpose). As a result, we can distinguish between four types of search systems:

Domain-agnostic general-purpose functionality supports basic search tasks.
Such generic search engines are designed to work across different domains.
Examples of such generic search engines include most out-of-the-box solutions,
such as Elastic search [116].

Domain-agnostic task-specific functionality supports search tasks that occur
across multiple domains. For example, assisting council members in (re)
formulating their search query. This type of system can provide situational and
adaptive support. For example, adapting query suggestions [6] and the ranking
of search results [137, 101] to the task. The search interface itself can also be
adaptive and change which functionalities are presented during different task
stages [70]. In addition to adapting to information-needs, task-based tools can
allow users to organise information within a search task more effectively [32, 42].
An example of meta-task support is recommending tasks to users [53], which
may also help them reduce the complexity of tasks by clarifying their constituent
sub-tasks [30]. For the municipality, an example of generic task functionality is

12
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when the search engine offers query suggestions to help users disambiguate
what aspect of a dossier they are interested in (e.g. ‘the Uithoflijn audit’ or "the
Uithoflijn completion’).

Domain-specific general-purpose functionality supports information needs
that are common and/or characteristic to a domain, without specifying the
exact tasks being supported. For example, a domain-specific search engine that
searches council information.

Such systems provide ways to view and interact with information to satisfy
needs that are unique to a domain. Specialised interactions with information
include navigating [39] or filtering [90] information based on domain-specific
concepts. Interfaces can present tailored perspectives, such as displaying
relationships between domain-specific concepts [80] or presenting search
results in domain-specific perspectives [112]. An example for the municipality is
iBabs. iBabs is a meeting planning system for council information which includes
a search functionality to filter search results by the policy area and responsible
alderperson.

Domain-specific task-specific functionality supports domain-specific tasks. For
example, helping council members to understand the decision-making process
around a council document, by displaying search results within their political
context. This class of system combines the strengths of both task-specific
(adaptive, situational) and domain-specific (specialised) systems. For instance,
users’ information needs can be supported throughout different task stages by
helping users formulate, refine and search for their questions [102]. Another
example is to only display document genres (e.g. council letters or Powerpoint
presentations) during specific tasks where they are known to be useful [50].
Designing support around both the user’s domain and tasks allows us to design
support that is unique to the domain. This level of specificity is not possible
when focusing on solely the domain or the task. Previous studies have identified
tasks of knowledge workers in different domains and created tailored solutions
(e.g. [174, 117, 101, 153]). For instance, by supporting marine ecology experts
in the monitoring fish populations through computer vision and classification
[10]; or by enabling cultural heritage experts to navigate artworks based on
semantic similarity [66]. An example of a situational and specialised system for
the municipality could be to support council members when their search task
involves understanding the political context of a topic, by providing an overview
perspective of political dossiers.

Studies on search functionality for municipal or other policy-related domains
are primarily domain-specific and technology driven. For example, some studies
introduce a semantic web for parliamentary data [11, 71] or focus on data mining
political events [85]. A more detailed understanding of the information needs of
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municipal knowledge workers is still lacking. A more thorough understanding of
the user would enable us to design functionalities that let users perform tasks
more effectively, efficiently and with a higher user satisfaction.

As the specificity of the domain and task support increases, we can
provide support by providing information that is more relevant (e.g. [174, 100]),
presenting information from a perspective that is meaningful for the task (e.g.
[153, 61]) and enabling users to interact with information in ways that are useful
to the task (e.g. [101]. There is a need to characterise the tasks of knowledge
workers more rigorously. This would enable us to identify when tasks in different
domains have similar requirements, and therefore similar solutions.

1.5 Research questions

We focus our research on developing specialised search functionalities for user
groups at the municipality of Utrecht. We focus on knowledge workers, who
engage in a higher proportion of intellectual and complex tasks [133] and thus
stand to benefit the most from improved search functionality. This leads us to
our main thesis research question:

TRQ How can we design search functionality to support the search
tasks of municipal knowledge workers?

We investigate task-based support for council members and policy workers,
which first requires us to understand the tasks these users perform:

TRQ1 How can we characterise the tasks of municipal knowledge
workers for the purpose of developing (domain-)specific search
functionality (Chapter 2)?

Every characterisation is made for a purpose (see e.g. [22]), and inherent to
our purpose is ensuring that the task-description can represent domain-specific
requirements of the search tasks. We explored this question while identifying
the tasks of council members, as we developed a domain-specific search engine
for council information. Over the course of this project, we found that not every
task warrants specialised functionality. For example, generic search engines
may suffice for tasks such as looking up a known document. The benefit of task-
specific support needs to outweigh the cost of building that support. Hence we
turn to the second question:

TRQ2 How can we determine which search tasks of municipal
knowledge workers warrant the development of specialised search
functionality (Chapter 3)?

We investigated this question while developing a search engine for the web-
based search tasks of policy workers. After identifying the tasks of policy workers
we considered which ones required additional support, by comparing the users’
search tasks with the functionality available. An important finding was that
complex web-based search tasks tend to transition into expert search tasks, and
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that these expert search tasks were not sufficiently supported. By considering
what that support entails, we arrive at the third thesis research question:

TRQ3 How can we design specialised search functionality for municipal
knowledge workers around a faceted description of their search tasks
(Chapter 4)?

As a case-study, we developed a search engine tailored to the expert search
tasks identified in the previous study. This expert search system was designed
around the task facets used to characterise the task, with particular emphasis
on whether the retrieval unit should be a person or a document. We compared
variations of this system using simulated search tasks, to assess whether the
system based on the faceted task descriptions was more effective, efficient and
satisfactory.

So far, we have focused on search tasks centered around retrieving
individual documents, such as when a user needs to ‘retrieve the council proposal
about the Uithoflijn”. However, other search tasks can require different ways to
interact with information. For instance, the search task ‘create an overview of
the council’s decision-making process when they created the proposal for the
Uithoflijn’ necessitates that users understand how various search results are
interrelated. We now investigate how to support this type of task, as a use-case
for designing functionality that facilitates alternative methods of interacting
with information. Hence the research question:

TRQ4 How can we support council members in their task of obtaining
an overview perspective of how individual (council) documents are
interrelated?

We present a study where we provided council members with an overview of
council information dossiers that the city council has voted on. First, decision
histories of policy proposals were reconstructed, by identifying links between
council documents. Then, we explored how to display such overviews in the
search interface.

These research questions represent incremental steps towards a broader
research goal: a method to design search applications that support the tasks of
their target users. It remains a challenge to formalise an approach for designing
useful search functionality around user tasks. In this thesis, we detail the
application of one such method within a specific organisation. The results of
these studies demonstrate how the complex tasks of knowledge workers at the
municipality of Utrecht can be supported.

15
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1.6 Contributions

Our studies contribute to the understanding of domain-specific systems and
the experts in those domains, as well as to the task-based design of search
applications. To present an overview of our main contributions, we organise
them around the CHI contribution types [172]:

1.6.1 Empirical contributions
Identifying and characterising the work tasks and search tasks of Dutch
knowledge workers:

Identified task facets to characterise the tasks of municipal knowledge
workers (Chapter 2, validated in Chapter 3)

Provided an overview of tasks of council members at Utrecht and Hollands
Kroon (Chapter 2)

Provided an overview of tasks of policy workers at Utrecht (Chapter 3)

Insight into the information seeking of municipal knowledge workers:

Found that council members and policy workers exhibit similarities to
professional searchers, as they engage in specific and complex search tasks.
However, they differ in that they often lack advanced search literacy and are
typically constrained by time, which limits their ability to search thoroughly
(Chapters 2 and 3)

Found that policy workers perform complex web-based search tasks by
finding and asking colleagues with expertise for help (Chapter 4)

Found that, to help council members understand intricate political dossiers,
policyworkers manually compile decision histories. This is a ‘best effort’
approach with subjective inclusion criteria (Chapter 5)

Improved search functionality for specific tasks, as tested in studies where users
perform simulated search tasks:

16

Showed that a search index with only authoritative sources helps policy
workers perform simple web-based search tasks more effectively and efficiently
(Chapter 3)

Showed that a candidate-based expert search interface helps policy workers
perform expert search tasks more effectively (Chapter 4)

Proposed an automatic approach to construct decision histories of policy
proposals (Chapter 5)
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1.6.2 Artifact contributions
Search engines and functionality:

e Developed a prototype search engine for council information. An enhanced
version of this system is currently in production and can be accessed at ureka.
utrecht.nl, last accessed 05/05/2024 (Chapter 2)

e Developed a prototype search engine that supports the web-based tasks of
policy workers (Chapter 3)

e Developed a prototype search engine for people search. The system finds
internal colleagues who have expertise, as evidenced by the documents they
have authored (Chapter 4)

o Developed functionality to construct decision-histories of policy proposals of
the city council, and integrated this in the council information search system
(Chapter 5)

1.6.3 Methodological contributions
Steps taken towards task-based design:

e Task facets were used to characterise domain-specific tasks (Chapters 2 and 3)

e The mismatch between task description and available systems was used to
assess which tasks require improved search functionality (Chapters 3, 4 and 5)

e Task descriptions were used to improve the retrieval and presentation of
search results (Chapters 3, 4 and 5)

e Task descriptions were used to model and present information around the
user’s needs (Chapters 4 and 5)

Altogether, these contributions enable us to better diagnose the problems
that users encounter during complex search tasks, rather than optimising
functionalities for ill-defined problems. This allows the municipality to move
from generic search functionality towards targeted search applications (see
the transition from phase 2 to phase 3 in Figure 1). Furthermore, our work
represents early steps towards adapting information seeking models from
scientific literature towards the purpose of developing domain-specific search
engines.

1.7 Thesis outline

We initially investigate the tasks of council members and how to characterise
them (chapter 2). We then consider the tasks of policy workers, which ones
need support and how to support them (chapter 3). We then consider how
to support one type of (expert search) task in more detail (chapter 4). Finally,
we move beyond typical retrieval tasks by considering how to support a task
where council members need an overview of political information (chapter 5).
We conclude the thesis by revisiting our research questions and discussing the
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implications of our findings (chapter 6) and how our work could be continued in
future work (chapter 7).

In chapter 2 we investigate how to identify and characterise user tasks.
We extend a pre-existing faceted task model to include domain-specific task
facets. We identify these facets by investigating how one target user group
(council members) described their own tasks, and analysing which aspects of
tasks they used. We find that five task facets are most useful in representing
domain-specific information needs: the task objective, topic aspect, information
source, retrieval unit, and task specificity. The material in this chapter has been
published as:

Schoegje, T., de Vries, A., & Pieters, T. (2022, August). Adapting a Faceted
Search Task Model for the Development of a Domain-Specific Council
Information Search Engine. In International Conference on Electronic
Government (pp. 402-418). Cham: Springer International Publishing. https://
doi.org/10.1145/3657054.3657116

The first author was responsible for theoretical and practical contributions,
as well as the manuscript. The co-authors provided incidental theoretical
suggestions and significant improvements to the manuscript. This is the case for
all publications, except where stated otherwise.

We validate the task model created in chapter 2 in chapter 3 by identifying how
an independent user group describes their own tasks. We then compare their
tasks to the search functionality that is already available to them, to identify
where specialised search functionality is required. We introduce a search system
to better support policy workers during their simple web-based search tasks by
only indexing authoritative sources and verify in a quantitative user study that
users are more effective and efficient. We also find that policy workers solve
more complex web-based search tasks by finding a colleague with expertise. The
material in this chapter has been published as:

Schoegje, T., de Vries, A., Hardman, L., & Pieters, T. (2023). Improving the
Effectiveness and Efficiency of Web-Based Search Tasks for Policy Workers. In
Information, 14(7), 371. https://doi.org/10.3390/info14070371

Chapter 4 explores how to design the ranking method and retrieval units for
expert search tasks. We compare document-centric ranking (ranking the text
of each individual document) with candidate-centric ranking (ranking all of the
text written by an author appended to a single string), as well as a document-
centric interface (showing a single document) with a candidate-centric interface
(showing the most relevant documents of an author). Some key findings are
that the document-based ranking leads to faster task completion times, and that
the candidate-based interface leads to more effective task completion (finding a
higher rate of relevant experts). Additionally, we find that users evaluate search
results more thoroughly when they are presented more information, which
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may be preferable if we want to avoid approaching people without the correct
expertise. The material in this chapter has been published as:

Schoegje, T.,, Hardman, L., De Vries, A., & Pieters, T. (2024, March).
Improving expert search effectiveness: Comparing ways to rank and
present search results. In Proceedings of the 2024 ACM SIGIR Conference
on Human Information Interaction and Retrieval (pp. 56-65). https://doi.
org/10.1145/3627508.3638296

Although search engines excel at presenting the most relevant fragments of
information, some search tasks require users to piece those fragments together.
In chapter 5 we present a search task where users require an overview of the
city council’s decision making process. To support users we introduce a method
for reconstructing an overview of council decisions based on how council
documents are co-referenced during multiple meetings, and how documents
reference older documents in their text. In addition we define guidelines for
how to design the user interface for such overviews based on expert interviews.
The material in Chapter 5 is published as:

Schoegje, T., Hardman, L., De Vries, A., & Pieters, T. (2024, June).
Reconstructing the decision-making processes of a city council based
on references between documents. In Proceedings of the 25th Annual
International Conference on Digital Government Research (pp. 525-533).
https://doi.org/10.1145/3657054.3657116

The thesis has also indirectly benefited from an exploratory study on whether a
user’s search task is a useful signal to improve search rankings. In this work we
used a domain-specific task taxonomy and classified user queries into one of
these tasks. We then performed term expansion based on the task of the query.
As this work did not yield a peer reviewed publication, we instead briefly discuss
this work and our findings in Appendix A.

Schoegje, T., Kamphuis, C., Dercksen, K., Hiemstra, D., Pieters, T., & de Vries,
A. P. (2020). Exploring term expansion for task-based retrieval at the TREC-
COVID track. arXiv preprint https://doi.org/10.48550/arXiv.2010.12674

The first author was responsible for the main theoretical and practical
contributions, as well as the manuscript. All co-authors contributed conceptual
suggestions.
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Chapter 2 Adapting a faceted search task model
for the development of a domain-
specific council information search
engine

Domain specialists, such as council members may benefit from specialised search
functionality. However, formalising their search requirements for developing a
search system is challenging. To address this, we adapt a faceted task model to
characterise the tasks of our target user group.

Initially, we identified which task facets council members use to describe
their tasks. We then characterised their tasks based on those facets. Finally, we
discuss design implications of these tasks for the development of a search engine.
Through two studies conducted at the same municipality, we identified a set of
task facets and used these to define the tasks of council members. By coding the
task descriptions of council members, we identified five key task facets: the task
objective, topic aspect, information source, retrieval unit, and task specificity. A
third study at a different municipality confirmed the consistency of our findings.

We then explored design implications of these tasks, which influence 1)
how information should be modelled, and 2) how information can be presented
in context, and it provides implicit suggestions for 3) how users want to interact
with information.

Our work represents a step towards better understanding the search
requirements of target user groups within an organisation. A task model enables
organisations to prioritise their investment in new technology when developing
search systems.

Chapter contribution

The following chapter investigates how to adapt the faceted task classification
to model (domain-)specific tasks (TRQ1), for the purpose of creating a domain-
specific search engine based on those tasks.

The chapter is published as:

Schoegje, T., de Vries, A., & Pieters, T. (2022, August). Adapting a Faceted Search Task
Model for the Development of a Domain-Specific Council Information Search
21 Engine. In International Conference on Electronic Government (pp. 402-418).
Cham: Springer International Publishing. https://doi.org/10.1007/978-3-031-
15086-9_ 26
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2.1 Introduction

Users and information needs at the municipality of Utrecht are diverse. Some
of these user groups have complex information needs [134], which may require
specialised search functionality before search satisfaction can be achieved [48].
If organisations do not identify these specialised requirements they risk investing
in search solutions that are unsatisfactory, which must then be replaced within a
few years. We investigated the needs of council members as a target user group
because they perform complex intellectual tasks [134] and are therefore likely
to benefit from specialised search functionality. Our main research goal was to
extend an existing (search) task model from the information seeking and retrieval
literature to adapt it for the purpose of identifying council member search
requirements. We applied this design approach to develop an e-government
search application that supports council member search tasks.

We found that existing task models are not designed for the purpose of
representing domain-specific information needs. To address this, we adapted an
existing task model based on users’ descriptions of their tasks, which includes a
domain-specific topic facet that describes how tasks relate to information subsets
in that domain. Below we discuss how the adapted task model can inform the
design of a search engine, as the interface should clearly reflect where users can
perform each of their tasks; what information is necessary for each task; and
how users want to interact with this information.

We first contextualise the tasks by describing the information seeking of
council members, which we do by describing the users, information sources and
channels involved. We then identify council member tasks and relate these to
the available information systems. This reveals tasks that are not adequately
supported by those systems. We then discuss the design implications of the task
model for better support of those tasks, by extending the information model
and creating a better interface. We end by discussing how the proposed system
is more suitable to council tasks than the pre-existing system.

We performed our analysis at two Dutch municipalities with consistent
findings, suggesting that the search functionality for council members in similar
contexts can be standardised.

2.2 Related Work

Developing useful search tools for target user groups requires an understanding
of how and why they search. Users start searching for information as a part of
performing some broader (work) task [73]. In professional settings work tasks
often follow from the professional’s responsibilities [94, 78, 27], which in turn
follow from their role within the organisation [89]. If we can model the situational
context of information tasks, we can assess whether a search engine is able to
aid the user in their goals [60] and therefore whether useful for the user in task
completion [12, 161].
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Adapting a faceted search task model

We introduce several domain-independent task models from the
information seeking and retrieval literature as complementary perspectives at
the basis of the current work. We start with the broadest model and ending with
the narrowest, and then introduce increasingly domain-specific models.

2.2.1 Domain Independent Task Models

Different research purposes have resulted in different kinds of conceptual
models, with characteristics such as 1) how much is modelled (broad or narrow),
2) whether a process or static situation is modelled, 3) whether something
directly observable or something more theoretical is modelled (concrete or
abstract) and 4) how much the model generalises beyond domains (general or
specific) [76, 73].

Ingwersen and Jarvelin argue that all information seeking and searching is
performed by actors, who interpret information and their tasks through their own
perspectives. Therefore, they propose a model of information seeking from the
cognitive perspective [73]. This broad and abstract framework contains five main
components, where the interrelation between these components (over time)
provide important context for each individual component. The five components
are 1) the information seeker/user, 2) the interface, 3) the IT systems underlying
the interface, 4) the information objects in those systems and 5) their social/
organisational/cultural context. They note that work tasks may originate from
the organisational context, but they may also originate from e.g. newly found
information. In this model, work tasks arise as a result of interactions between
the actor and the other components. Work tasks are directed from components
towards the actor, and search tasks are directed from the actor towards other
components.

Taylor proposed that all information acquisition and use in a professional
setting is performed in a contextual environment [154], and defined such
contextual factors. Bystrom et al. extended this work [25] to represent the
context of Workplace Information Environments. These describe important
variables grouped in four categories: 1) sets of people, 2) work tasks, 3) settings
and 4) task resolutions. They note that one’s profession leads to work activities,
which in turn necessitate (work) tasks.

Bystrom and Hansen present a narrower conceptual model focusing on
what work tasks, information seeking tasks and search tasks are, and how they
are interrelated [24]. In their definition, an information seeking task includes
all steps a user takes to gather information, including interpersonal ones.
Information seeking can consist of several information search tasks, which are
search episodes with their own search goal. A search task performed within a
search engine or database is also known as a retrieval task. Rather than focusing
on tasks from an individual’s perspective, Bystrom considers how to characterise
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the tasks of a user groups, and the social practices that will affect how tasks are
performed [27].

Li and Belkin reviewed the literature on information tasks and proposed
a narrower model [94]. They characterised tasks with independent facets that
affect the information behaviour and the subtasks that a given task produces.
This framework has been used to describe tasks and create simulated tasks [64,
149]. An extension included the information level of results as a facet [35].

Bystrom and Hansen show that we can describe an information need in
three levels of increasing context [24]. At the lowest level there is a topical
description and query, similar to traditional laboratory experiments [73]. The
second level includes a situational description, which is the context of the task
at hand. The faceted task framework is a step towards gathering research on this
area [94]. The third level is all the contextual factors that affect the search, such
as the four categories of the workplace information environment [25] and the
five components of the cognitive framework [73].

These models have some overlap, but also different strengths. Ingwersen
and Jarvelin’s model is useful for a cognitive user centered perspective. The
model by Bystrom 24 et al. model for the workplace information environment is
valuable for investigating work practices in the workplace. Bystrom and Hansen’s
task level model is good at describing tasks from a process perspective. Li and
Belkin’s model is a powerful tool for describing information behaviour. These
models all generalise beyond domains, which gives them explanatory power in
a wide range of settings. We find however, that there is a trade-off between a
model’s ability to generalise beyond domains, and its expressive power within a
narrower domain. Li and Belkin were unable to add task topic as a facet because
without a domain a list of topics would be unlimited [94]. Bystrém and Hansen
noted the importance of finding a better way to characterise context- and
situation-aware descriptions based on real-life data [24]. Ingwersen and Jarvelin
noted that our increased understanding of tasks had not yet translated to better
design criteria for information (retrieval) systems. To address these concerns we
now turn to increasingly domain-specific task models.

2.2.2 Domain Specific Task Models

The above models are applicable during information seeking and retrieval in most
domains. We now focus on smaller domains, which allows us to introduce task
descriptions that capture increasingly more situational and contextual context.

The classic example to model the user’s goal is the web search taxonomy
of query intents [20, 125]. Within enterprise search there may exist a similar
taxonomy of search tasks [132], and between search tasks there seem to be
recurring sequences of task types [132]. User interfaces can better support the
search experience when they are designed to reflect the typical flow of the
users’ tasks. When we consider tasks within professional search domains we find
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complex tasks with similar characteristics [165, 164]. When we focus on the tasks
within a single organisation we can introduces an element of the organisations’
objectives [78], but these are still far removed from the users’ immediate goals.

There are also examples of search task studies outside of a professional/
work setting, which often analyse all users of a system collectively [150, 159], or
focus on supporting specific tasks [156, 42].

Taylor provided a contextual description of the information use environment
of American legislators [154]. This information use environment describes
the people, problems, setting and problem resolutions. Legislative culture is
described as verbal, nonhierarchical, time-constrained and as having the political
party as a major centralising force. An observational study of knowledge workers
at a municipal administration identified four main types of work tasks that
involved search tasks [134]. Working on legislative processes includes complex
information seeking tasks [134, 106], possibly because knowledge creation (such
as the creation of legislation) is cognitively complex [84]. Complex tasks are more
likely to require specialised search functionality.

The present study approach focuses more specifically on one target user
group, and adapting an existing task model for the purpose of search design.
This approach contrasts with previous work for similar user groups (e.g. [82,
44], http://zoek. openraadsinformatie.nl), which typically focus on the data- or
technology-driven innovations.

2.3 Council Member Information Seeking
Council members in the Netherlands have three main responsibilities:

1. Prescribing guidelines for new legislation

2. Verifying whether the municipal workers have adequately translated the
council’s decisions to concrete policy

3. Representing the citizens’ interests while forming legislation guidelines

These are the same responsibilities that Taylor identified for American legislators
[154]. Work responsibilities form the highest level of motivation for work tasks
and subsequent search tasks [27]. The first and second responsibilities lead
to active tasks, whereas the third occurs passively during the other tasks. In
performing the first responsibility the council is informed by experts, debates
solutions, and decides on new policy over a series of meetings. Members aim to
create solutions and arguments that extend or modify existing policies. Members
then try to persuade others to support their solutions during meetings. Most of
these solutions and knowledge are created during the preparation for domain-
specific commission meetings. When the council is not unanimous on a solution,
members refine and prepare their proposals before a final discussion in a council
meeting. In this article we investigate the sub-tasks of preparing for council
meetings, because all council work is oriented around these meetings. Users
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complained that the previous system was not satisfactory for performing the
search tasks within this work task, and hence specialised search functionality
may be valuable. A critical challenge is that council members must often extend
existing policies, that were created before the members joined the council. It
is thus crucial that they understand the existing policy and how it was formed.

2.3.1 Council Members and Supporting User Groups

Multiple user groups support council members during their tasks. Because of
space limitations we only briefly and informally introduce these in Table 1. Here
we characterise them using their knowledge types [73]. Domain knowledge can
be declarative (what is it about) and procedural (how to do it). Search knowledge
can also be declarative (where will | be successful) procedural (how do | search
effectively). Professional searchers typically have a high domain and search
knowledge, and are thorough when searching [4, 89, 129]. Table 1 is based on
observations of search behaviour and interviews at two municipalities.

Table 1. Characterising the knowledge of council members and supporting groups

Domain Knowledge Search Knowledge
User Decl. Proc. Decl. Proc. Thoroughness
Council member | Experience dependent Diverse Diverse Time-limited
Faction Staff Experience dependent Diverse Diverse Thorough
Adviser High High Unknown Unknown | Unknown
Search expert Low Low High High Thorough
Public servants High High Unknown Unknown | Thorough

Council members become professional searchers with domain expertise over
time, butthe election cycleleadstothereplacement of experts withinexperienced
members. A notable difference from typical professional search domains is that
council members are not trained to search effectively, unlike other experts [127,
4]. Many are unfamiliar with Boolean operators and strategies for effective query
formulation. Council members may therefore benefit from search training and/
or a search interface that supports them in expressing complex queries.

2.3.2 Information Sources

Due to space limitations, we will only briefly contextualise the information
systems we observed during interviews and interactive search sessions at
two municipalities. The two primary information sources were web search
engines (mainly Google) and an internal system called iBabs. iBabs is an app
used for planning meetings and archiving the official policy documents used
during these meetings. A copy of the public data can be accessed at http://api.
openraadsinformatie.nl/ (accessed May 2022).
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Information seeking on a new topic typically began with performing a web
search to find general background information (from indexed news outlets or
information published on the municipality’s homepage for example). This was
followed up by searching in iBabs. This archival system provides an internal
search engine that allows users to (re)find known documents by filtering facets
such as the date and title of the meeting. This type of functionality is less useful
for non-specific needs. This is consistent with findings at a Finnish municipality,
which showed that the organisation’s internal systems tended to perform well
for specific tasks (such as re-finding a known document), but less well for more
amorphous tasks (such as exploring a topic) [135].

As we may expect from previous literature [135], the other prominent
internal information sources and channels included e-mail (personal or
collective faction inboxes) and human sources (colleagues, party-neutral
advisers and a temporarily appointed clerk whose main responsibility was to
search for information). Some larger political parties created internal solutions
to share information (e.g. documenting plans in the cloud), although their
main information advantage appears to be in having council members with
more experience. Experienced council members remember older events and
documents, which is a significant benefit given the difficulties in exploring
archived information.

2.4 Methodology

In the first of two analyses we used a codebook to analyse interview data to
identify what tasks facets council members used to describe their tasks. In the
second analysis we summarised the council member tasks we identified in the
interview data and an observational study and characterised them based on the
facets we previously identified.

The two analyses were based on interview data from three studies. Both
analyses were initially performed on the interview data that resulted from two
studies performed at the municipality of Utrecht, and then a third study was
conducted at the municipality Hollands Kroon to test if the results could be
reproduced with a similar user group in a different organisation.

The municipality of Utrecht is one of the largest and oldest municipalities
in the country, whereas municipality Hollands Kroon is of average size and was
formed less than 10 years ago as a fusion of smaller municipalities. Selecting
municipalities of such different sizes and histories allows us to determine
whether the work tasks we identify are organisation-dependent, or whether
council member tasks are similar across organisations.
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2.4.1 Participants

Each study included a sample of council members that were diverse in terms of
experience (years in council), demography (gender, age) and the political parties
that they represent (size, ideology). This sample was selected by council clerks.

2.4.2 Data Collection

The first study was a series of six one-hour interviews performed to construct
a customer journey for preparing a council meeting. These semi-structured
interviews were not limited to search-related questions, but aimed to identify
all work tasks. The study aimed to map out relevant information channels and
sources; relevant user groups; communication channels; the triggers that move
users to actions; and noted which steps went well and which did not. We only
report the aspects relevant to the present research scope.

During the second study these same participants (except for one
replacement) performed simulated search tasks in an interactive session. These
simulated tasks were recreations of real council tasks in a laboratory setting
where we asked users to search for pre-defined topics. Each participant in the
session had an observer who asked them unstructured questions about their
information seeking. This setup allowed us to observe more instrumental search
tasks (i.e. tasks that were not explicit user goals, but necessary sub-steps).

The third study at municipality Hollands Kroon consisted of five semi-
structured interviews designed to first identify the work tasks performed in
preparation of a council meeting. For each work task we focused on the search
tasks involved, and we concluded by asking for (recent) examples of each search
task.

2.4.3 Analysis 1: Identifying Task Facets

We first identified which task facets characterised tasks in the domain. We
analysed the task facets that users used to describe their tasks by developing
a codebook based on the interview data. Coding is a qualitative method used
to analyse interview data by annotating (potentially overlapping) fragments of
interviews with codes by theme. It allows the researcher to identify concepts
and relations between concepts [40]. The development of a codebook is an
iterative process that occurs over multiple studies. With every study analysed,
one tries to improve the codebook until it explains all new data from new
studies. New codes are found in two main ways. Data-driven codes emerge to
represent themes and recurring concepts in the data. Theory-driven codes are
added when the data reflects themes from the relevant literature. In our case
the theory driven codes include the task facets. We focused on analysing the
task related themes and generate the codebook on data from of Utrecht. We
then apply the codebook to the data from Hollands Kroon to test whether its
completeness for describing tasks performed in this new context.
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2.4.4 Analysis 2: Characterising Council Member Tasks

We characterised the work tasks that users described and showed us during
the studies at Utrecht using the task facets we identified using the codebook.
We then compared the tasks identified to those we found at Hollands Kroon to
identify whether our list of tasks is exhaustive.

2.5 Results 1: Identifying Task Facets

By applying the codebook to the data from the first study we found four task-
related codes: the task objective, information sources, topic aspect and task
specificity. We applied the codebook to the second study at Utrecht to find
further evidence for the previous codes and the retrieval unit as a new code.

The task objective is a description from the users’ perspective. The
information sources are the systems they mentioned, implying which underlying
datasets are necessary for the task. The topic aspect represents different types
of declarative domain knowledge. Consider the example topic "the sound leak in
Tivoli’. Over time users may be interested in different aspects of this, such as the
background of the issue; how the council has dealt with this topic in the past;
and what aldermen have previously promised to do about the issue. We found
a limited set of topic aspects that are important for many topics. These aspects
are reflected in the interview data when users implicitly switch their definition
of what a topic’s ‘context’ is. These topic aspects are closely related to the four
kinds of information that Taylor identified among American legislators [154]. The
only difference is that we found a distinction between background information
and policy information, which Taylor grouped as one information type.

The retrieval unit code reflects that users do not always seek documents,
but can instead seek, for example, a fact or (the contact details of) a person
[123]. Itis related to the information level facet but captures more of the user’s
goal. The final facet is the task specificity, which indicates how specific the
information is that users are looking for in a search task.

Table 2. The work tasks identified at Utrecht, described using the task facets council
members use to describe their tasks

Task [Task Objective Topic Aspect Information  Retrieval Unit
1D Sources
WT1 |Understand the agenda item Background Google Facts
Information
WT2 |Evaluate existing or proposed policy Policy iBabs, Google [Document
WT3 |Analyse previous council decisions  Decision History [iBabs Document(s),
timeline
WT4 |Understand political positions Political Context |iBabs, Google |Statement
WTS5 |Create an argument Mixed iBabs, Google Mixed
WT6 |Create or defend a perspective Mixed iBabs, Google Mixed
WT7 |Evaluate progress on policy Administrative | BMT Statement
execution Context
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Table 3. The search tasks identified at Utrecht, and the work tasks during which they

occur
Task Search Task Associated WTs
Identifier
ST1 Find news articles, municipality publications and other WT1, WT2, WT6
substantive public documents
ST2 Find reports and other (internally generated) substantive | WT1, WT2
documents
ST3 Find the aldermens’ commitments (formal agreementsto | WT7
the council)
ST4 Find agenda items and corresponding transcripts where WT3
topic was previously discussed
ST5 Find documents that were key in the previous discussion WT3
of this topic
ST6 Find documents containing the current policy WT4
ST7 Find previous statements from aldermen or colleagues WT4, WT2, WT6
ST8 Find public articles containing political standpoints WT4
ST9 Find sources supporting an argument WT5
ST10 Find the alderman responsible for this topic WT3, WT4, WT2

Table 4. Characterising the search tasks identified in Table 3 using the task facets. Many
tasks can be either amorphous (am) or specific (spec). These are joined in the Table for

formatting.
Task ID Topic Aspect Info Sources | Retrieval unit Task Specificity
ST1 Topic Background Google Document Am or Spec
ST2 Topic Background iBabs Document Am or Spec
ST3 Decision History BMT Statement Am or Spec
ST4 Decision History iBabs TImeline Am or Spec
ST5 Decision History iBabs Document(s) Am or Spec
ST6 Policy iBabs/Web Document Am or Spec
ST7 Political Context iBabs Statement Am or Spec
ST8 Political Context Google Mixed Am or Spec
ST9 Mixed Mixed Mixed Mixed
ST10 Admin. Context Google Mixed Specific

2.5.1 Generalisation of Codebook

We applied the codebook developed at Utrecht to the data from Hollands
Kroon. The codebook was able to explain all task-related themes. This suggested
that the codes we used for task facets were stable (also known as theoretical
saturation) and can properly represent tasks in this domain.

Five task codes were found based on how council members characterised
their tasks: the task objective, the information sources, the topic aspect, the
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retrieval unit and the task specificity. We adopt these five codes as the task
facets to describe the domain-specific task context.

2.6 Results 2: Council Member Tasks
Table 2 introduces the work tasks found at Utrecht. Tables 3 and 4 respectively
describe and characterise the search tasks identified.

2.6.1 Generalisation of Tasks

To test whether the list of council member tasks is exhaustive we performed
a study at Hollands Kroon and compared the findings to those at Utrecht. At
Hollands Kroon we found work tasks WT1-6 from Table 2, but not WT7: evaluating
the progress on alderman’s commitments.

This may be because the municipality is smaller, making it easier to keep
track of such commitments. At Hollands Kroon we found all search tasks except
ST3 and ST8. ST3 is less significant in this municipality because WT7 is less
significant. It is unclear why users here search for fewer public articles containing
political standpoints (ST8). Perhaps the municipality has a smaller profile in the
news because it is smaller. There is a slight difference in how users search for
previously discussed topics (ST4), as the municipality Hollands Kroon does not
maintain transcripts of each meeting. Their council is only provided with the
video recordings of meetings. Because these are not searchable, this search task
is not well supported. This is because Hollands Kroon has less resources. 33 The
council tasks identified at municipality of Utrecht are a superset of those found
at municipality Hollands Kroon. We expect that our list of council member tasks
within the Netherlands is fairly exhaustive.

2.7 Supporting Specialised Council Task Functionality

When comparing tasks identified with the existing systems (see Table 5) we
found that 1) filter-based search functionality is insufficient for non-specific tasks
and 2) there is no support for investigating different topic aspects. We discuss
how to design a more suitable domain-specific search engine based on the task
model. We specifically consider how the interface should enable each of these
tasks, what information is necessary for each of these tasks and how users want
to interact it. We introduce the domainspecific search engine we developed in
cooperation with Spinque, publicly available at https://ureka.utrecht.nl/app/.

2.7.1 Linking Tasks to Information Subsets

The task topic aspect indicates which datasets and document genres are
relevant for a given task, informing how information in the domain should be
modelled. Within council information we found that tasks related to the topic
background aspect should search within public web sources. Tasks involving the
political context aspect involve searching the political statements made during
meetings (i.e. segments of the council meeting minutes). A search engine that
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supports the policy aspect should enable searching all council documents. Tasks
involving the decision history aspect involve the specific document genre council
proposals, and finding the meetings that discuss these proposals.

The retrieval unit facet indicates how these document genres should be
indexed: users search for the official council proposal documents in some tasks,
but only look for segments of the meeting minutes in other tasks. Identifying the
relevant document genres and retrieval units can indicate how the information
model that the search engine is based on should be extended (e.g. by extracting
political statements from meeting minutes).

2.7.2 Interface Design Implications

Work tasks reflect user goals and inform how the user approaches the system.
Hence it should be clear to the user where he should go for any given work task.
Information is ideally presented in a useful context, which depends on the topic
aspects we identified. The format and presentation of individual results depends
on the retrieval units we identified. Based on these guidelines we designed a
different view (page) in the interface for each topic aspect, as shown in Figures
1-4. We developed search verticals for existing policy, political context and
administrative context. The decision history of council proposals was added as a
contextual view when clicking a search result. We did not include functionality
for the background information topic aspect, as interviews indicated that web
search is satisfactory for this.

The search tasks reflect how users want to interact with the information within
these views. The current model does not capture these requirements explicitly,
butisastepinthatdirection. The task specificity facet indicates whether users will
need filtering functionality (with high precision) or explorative functionality (with
high recall). For example, when users search for statements by specific people
(ST7) there is an implied requirement for filtering statements by the speaker. We
could investigate the concrete requirements (e.g. on what information features
does the user want to filter) by asking users about example tasks or by observing
users perform the tasks in questions. Future work may include a search task
facet that captures which filters should be included for specific tasks, and which
dimensions are of interest in amorphous tasks.

2.7.3 Comparing the Proposed Improvements

In this paper we focus on the design process that resulted in a new search
system, rather than individual improvements for specific tasks. As a result, the
new system introduces many changes (e.g. the interface, result ranking, the
datasets included) and it is both unfeasible and not our goal to evaluate the
impact of each variable we changed. To show the value of our design approach
we instead compare the proposed system to the existing system. We compare
systems based on their ability to facilitate user tasks, because the best search
system is the one that is most useful for the user’s goals [13, 161].
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Figure 2. Vertical for the Policy topic aspect.

Figure 3. Vertical for the Political Context topic aspect.

Figure 4. Vertical for the Administrative Context topic aspect.

Figure 5. Search result view for political documents (Decision History topic aspect).

Table 5 summarizes the tasks that users want to perform (based on our previous
results), and how both systems support these tasks. Because our design
approach led to a better understanding of the target user group’s requirements,
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we were able to develop more useful functionalities. This can aid developers
and organisations in prioritising the importance of different functionalities.
Informally, we report an enthusiastic adoption by its users, and the interest of
other local municipalities. This suggests that our approach was successful at
specifying the user search requirements.

Table 5. A comparison of the existing and proposed search systems. We summarise the
tasks by their facets, because tasks with the same facets require the same functionality.

Requirement iBabs Proposed

TA: Background Info Web search Web search

TA: Existing Policy Filtering Vertical in Figure 1

TA: Political Context None Vertical in Figure 2

TA: Administrative Context None Vertical in Figure 3

TA: Decision History None Result page in Figure 4
Retrieval Unit Document/meeting TA dependent (Figures)
Specific Search Tasks Filters Filters on the same features
Amorphous Search Tasks None Timeline of Decision History

2.8 Conclusion

A target user group may require specialised search functionality to perform
their work effectively. In this paper we investigate how to model the search
requirements by extending the faceted task model with facets that capture
domain-specific information. Comparing these tasks to the existing systems
allows us to find initial design implications for improving the search experience,
because it illustrates 1) how each task relates to subsets of information in the
domain and 2) how users want to interface with this information.

We characterised council members as professional searchers who have not
had time to specialise in their domain, and have not had any search literacy
training. We found that council members information seeking usually begins
with a web search to identify background information, using news sites and
municipal websites. They then access internal council information systems to
inform themselves about different topic aspects.

We found that existing task classifications were generic by design, and
unable to represent domain-specific aspects of tasks. We extended this work by
identifying the five task facets that council members used to characterise their
tasks, and discussed how these can be used to represent domain-specific tasks.
We found the task objective, the topic aspect, the information sources, the
retrieval unit and the task specificity. We discussed how tasks have implications
for how the information should be modelled, and how the interface should
facilitate them.

We used the topic aspect to determine which datasets and document
genres are important for which tasks (similar to search verticals). We used the
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retrieval unit to determine how to index (segments) of documents. For the
interface design we used the task aspect of work tasks to present information
in a useful context, resulting in a different interface views for different topic
aspects. The retrieval unit informed how individual search results should be
presented. The search task specificity is a first step towards understanding how
users want to interact with the information. Once we identify task specificity, we
can investigate what type of filters are beneficial for a (high precision) specific
task, or what dimensions users want to explore in (high recall) explorative tasks.

We found the same task facets and the same tasks at two municipalities. If
the task model generalises to municipalities in similar contexts, then the search
functionality we developed could be standardised across Dutch municipalities.

2.9 Chapter discussion

This chapter identified five task facets that can be used to describe the domain-
specific tasks of council members (TRQ1): the task objective, topic aspect,
information source, retrieval unit, and task specificity. By characterising council
member work and search tasks using these facets, we designed a search engine
for council information that was quickly adopted over the pre-existing system.
We highlighted tasks of council members such as the need to find expertise and
to get an overview perspective on political dossiers.

The task model presented represents an initial step towards adapting the
existing information seeking models towards the purpose of designing domain-
specific search engines. Since the task facets were identified through the coding
of interviews, the findings should be validated by replication with other user
groups. Our functionality is designed to support the tasks, rather than the
specific organisation or users, suggesting 38 that other users performing the
same tasks will benefit from the same functionality. We expect the proposed
functionality could be standardised for the search engines of council members in
other municipalities in the Netherlands. Additionally, we expect the functionality
can be adapted to tasks in other domains that have the same task facets.

Future work could consider how to make the task facets more specific,
enabling more concrete design implications based on a given task description.

2.10 Chapter outcomes

We applied these findings for developing search engines at the municipality.
We used the task facets to characterise the search tasks of council members at
the municipality of Utrecht and Hollands Kroon, as well as policy workers at the
municipality of Utrecht. This enabled us to help develop a domain-specific search
engine for council information?, where different search pages were designed to
support different search tasks.

2 Available at ureka.utrecht.nl, accessed 15-05-2024
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Chapter 3 Improving the Effectiveness and
Efficiency of Web-Based Search
Tasks for Policy Workers

We build upon existing literature on search tasks to develop a domain-
specific search engine tailored to support the search tasks of policy workers.
To characterise the search tasks we conducted two rounds of interviews with
policy workers at the municipality of Utrecht. Our findings revealed that the
challenges they face vary with the complexity of the task. For simple tasks,
policy workers struggle with information overload and time pressures, especially
during web-based searches. For complex tasks, policy workers prefer to locate
domain experts within their organisation to obtain the necessary information,
necessitating a different type of search functionality.

To support simple tasks, we developed a web search engine that indexes
web pages exclusively from authoritative sources. We confirmed the hypothesis
that users prefer expert search over web search for complex tasks and found
that supporting complex tasks requires integrating functionality that enables
finding internal experts within the broader web search engine. We constructed
representative tasks to evaluate the proposed system’s effectiveness and
efficiency, and found that it improved user performance.

The search functionality developed could be standardised for use by policy
workers in various municipalities within the Netherlands.

Chapter contribution

This chapter uses the faceted task model from the previous chapter to analyse
the tasks of policy workers instead of council members. This approach allows us
to both validate the task model and to characterise the tasks of this new target
user group. By comparing the tasks of policy workers with the functionalities
provided by available search engines, we can identify which tasks lack adequate
support (TRQ2). We then develop and support for these tasks, and test it by
having users perform simulated search tasks.

The chapter is published as:

Schoegje, T., de Vries, A., Hardman, L., & Pieters, T. (2023). Improving the Effectiveness
and Efficiency of Web-Based Search Tasks for Policy Workers. In Information, 14(7),
371. https://doi.org/10.3390/info14070371
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3.1 Introduction

We investigate how to apply the theoretical understanding of (search) tasks and
information seeking on the practical development of search engines. A growing
body of scientific work is investigating how a user’s search tasks affect their
information seeking (e.g., [30, 94, 165]). Simultaneously, a growing number of
professional search applications are being developed for specific domains, such
as patent search [167] and real estate search [62], as such search engines allow
for higher search satisfaction [47, 113]. Less investigated is how to connect these
two worlds: how to develop a domain-specific search engine based on a task
analysis. In previous work, a task analysis was proposed to facilitate the design
of a search engine for council members [140]. The current work extends and
refines this approach while using it to design a search engine for policy workers
at a municipality.

The municipality of Utrecht is one of the largest and oldest in the
Netherlands, with over 4000 employees. Policy workers (PWs) are responsible
for translating the city council’s vision into concrete policies (see Figure 6), which
involves a large amount of information seeking [135]. Ineffective search systems
cost PWs time and lead to incomplete search results, which can negatively
impact the quality of their work. As our initial research question, we investigate
the challenges during PW search by investigating their goals and the tools they
have available to achieve them.

RQ1 What work and search tasks do PWs at the municipality of Utrecht
perform?

The findings enable us to design support for those tasks during the second
research question, focusing on web-based tasks, as we find that these present
the biggest challenges.

Figure 6. The role of policy workers and other important groups.
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RQ2 How can we design functionality for the more effective and
efficient completion of the web-based search tasks of PWs?

The paper is structured in two parts that each discuss one of these questions.
To answer the first question, we performed semi-structured interviews to
characterise the information seeking of policy workers, and identified the tasks
that are not well supported. The method of interviewing and the results are
described in Sections 3.3 and 3.4, and the search tasks are compared to the
available functionality. Based on the findings, two hypotheses are formulated on
how to improve the search experience. The first hypothesis (H1) is that a search
engine that only includes authoritative web sources would be more effective than
how PWs at Utrecht currently search. The second hypothesis (H2) is that PWs
prefer to address complex web-based search tasks by finding a domain expert
within the organisation. This suggests that supporting complex web-based tasks
may be achieved through integrating expert search into the web search engine.
These findings contribute to our understanding of information seeking in this
domain, which might generalise to other knowledge organisations. Additionally,
the approach to designing a search engine helps bring the theoretical
understanding of search tasks closer to the practical development of search
engines (through the modelling of information, the ranking and the interface).

In the second part of the paper, we develop a system to better support
PW tasks, based on hypotheses H1 and H2. To test H1, a web search engine is
developed that only indexes authoritative web domains in Section 3.5. We then
test whether this system is more useful for simulated web-based search tasks
than existing search tools (H1) in an experiment described in Section 3.6. We
then investigate when policy workers would turn to seeking an expert colleague
in their organisation (H2), instead of completing the task themselves. The
results are presented in Section 3.7. Finally, we discuss the value of a task-based
approach to designing search systems for target user groups.

3.2 Related Work

Our first research question regards identifying and characterising the search
tasks of policy workers (PWs). We discuss how existing task models are typically
generic by design, and how they can be extended to describe domain-specific
tasks. Finally, we examine previous literature on the search tasks of PWs
specifically.

3.2.1 Generic Task Models

An influential conceptual model to understand work tasks and search tasks is the
conceptual model proposed by Bystrom and Hansen [24]. This model describes
information needs in three levels of increasing context. The first level is a topical
description and query. The second level is a situational description, which is the
context of the specific task at hand. The third level is a description of broader
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contextual factors that affect how tasks are performed, such as characteristics of
the individual. There are task models that describe tasks at each of these levels.

The first level is the topical description and query. Broder proposed a
taxonomy of web-based search intentions that characterise queries into three
types: informational, navigational, and transactional [20]. Later, Rose and
Levinson extended this taxonomy, replacing the transactional category with
a broader “resource” category, where users intend to access or interact with
a resource on a page [125]. They also subcategorised the informational and
resource categories. Search intents can be classified based on queries [2], which
allows developing support for specific types of tasks (e.g., procedural tasks [31]).

The faceted task framework is the most comprehensive model for the
second level of the situational context [94]. This framework characterises tasks
based on several independent facets that affect the user’s information behaviour
and subsequent subtasks.

The third level consists of contextual factors. Notable works to model these
are the cognitive framework of information seeking and search [74] and the
workplace information environment descriptions [25]. The former focuses on
the perspective of a single cognitive actor and explores how individuals interact
with information. The latter focuses on the practices of groups of actors and is
more relevant when describing the needs of a specific user group.

A more extensive overview of how search can be contextualised within
the users’ tasks is provided by Shah et al. [143]. For the purpose of supporting
user tasks, the situational context is most important (as opposed to the generic
characteristics of the user or the overly specifics of a momentary search intent).
Hence, we focus on the situational context of PWs.

3.2.2 Applying Task Models to a Domain

While the previous task models are generalisable and domain independent,
they are less suitable for expressing domain-specific information needs. When
designing a search system, it is preferable to use a model that is concrete enough
to link user tasks to specific subsets of the information in the domain (e.g., linking
tasks to specific document genres).

The faceted task model is domain independent and does not include a facet
for the task topic aspect, as the list of potential topics is unlimited in the absence
of such context [94]. In a specific domain, such as the PW domain, more specific
tasks can be identified, which allows for more context to be added to user goals.
A more specific domain also enables a more specific information model that can
link user tasks to subsets of information in this model.

The current work uses a domain-specific task model made by analysing
council member tasks. The faceted task model was extended with domain-
specific facets. This was used to identify search requirements and develop a
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search system [140] as shown in Figure 7. The faceted task model was expanded
with domain-specific facets based on how council members described their own
tasks. This allowed for a more comprehensive representation of the situational
context. The task model describes tasks using several facets, and was developed
by codinginterview data. Aninventory of tasks was created based onthe interview
data and an observational study. The authors found that the task model provides
insight for (1) how to model information, (2) how to present information in the
interface in context, (3) and how to allow users to interact with the information.
In contrast to previous technology-centred projects at the municipality, which
were temporary fixes, their user-centred approach addresses specific underlying
problems that hinder the completion of certain search tasks.

Figure 7. Development of the task model based on how council members describe their
tasks [140].

Although the present study builds upon work from some years ago, it should
be noted that the development of domain-specific search engines is an active
research topic. More recent works investigated the tasks in domains such as
mobile web search [3], music retrieval [176], question answering [29] and
intelligent assistants [160]. Other studies investigated more generic domains,
such as professional search [165], tasks that occur during teamwork [171] or
extracting task context from activities [15]. Notably, the DoSSIER project has 15
PhD students working on topics such as characterising the tasks coming from
knowledge work [142].

3.2.3 Tasks of Policy Workers

Although no task model has been applied to PWs, there is prior work describing
PW tasks. These findings help inform the task model we develop in the present
work. The information-use environment of American legislators was described in
terms of its people, problems, setting, and problem resolutions [154]. Within this
context, legislative aides, such as PWs in the municipality, help filter information
and play a role as decision formulators who present options, alternatives, and
recommendations 45 [155]. PWs work withiill-structured problems, shifting goals,
time stress, and action— feedback loops. It is also unclear to them when they
have found all useful information [17]. PWs are experts with less search literacy
than expected of professional searchers [37, 41, 140], and their thoroughness
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can be limited due to time pressures [17]. When characterised based on their
types of knowledge, PWs are considered experts with high declarative (what is it)
and procedural (how to do it) domain knowledge, moderate declarative search
knowledge (where to find it), and various levels of procedural search knowledge
(successful ways to find it) [74, 140].

Although previous work identified these challenges, previous systems for
PWs were typically not designed for their tasks. Instead, these focused on, for
example, the structure of information [82, 44] or technology-driven innovations.

3.3 Method to Identifying Policy Worker Tasks

To identify the tasks of policy workers, we applied a task analysis method that
was previously developed with council members. The approach is shown in
Figure 8. An overview of the tasks was obtained through interviews with policy
workers, as search tasks can be an abstract concept for users, and an open format
allows the researcher to ask clarifying questions. Additionally, users might report
the goals they focus on during work and forget to report sub-tasks necessary to
achieve that goal.

Figure 8. Figure 8: The tasks of policy workers were analysed as shown, by applying the
task model that was previously developed with council members [140].

Two rounds of interviews were conducted to identify the tasks. In the first round,
the work tasks and search tasks of policy workers were identified. A second
round of interviews was performed to validate the findings from the first round
and ask questions about how PWs approach search in general (independent of
their current task).

Tasks were identified and characterised (RQ1) by performing a task analysis.
The task analysis was performed by coding speech segments from the interviews,
starting with a codebook developed in a study with council members [140]. The
codes in this codebook are the task facets that were previously identified with
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council members. Another code was added for web search intention, which we
introduced in the related work [125], because it is a specific descriptor of the
task goal for the domain of web search.

3.3.1 Round 1 Interviews

Participants were recruited by inviting employees who work on municipal policy.
Additional participants with other roles were recruited through a convenience
sample. All participants had between 1.5 and 2.5 years of experience working at
the municipality.

Six one-hour interviews and two half-hour interviews were conducted with
eight public servants (five female, three male), including five PWs, two managers
and a coordinator for municipal activities in a neighbourhood. The participants
had over a year of experience in their current roles, and consisted of six early-
career professionals and two late-career professionals.

Semi-structured interviews consisted primarily of identifying the
participants’ different work tasks and then the search tasks these involve (while
eliciting information sources and frequent difficulties). The interviewer used the
task facets from the task model as a structure to characterise each task. At the
end of the interview, the broader topic of finding data on the web was discussed.
The interviews concluded by asking the participants what would help them in
a new search system. The task perspective during this first round of interviews
gave an overview of user goals and how they achieve them.

Codebook analysis of the interview data was performed by the first author.
The known task facets in the codebook were applied to the speech fragments.
It was checked whether the codebook was stable (saturated) for describing PW
tasks, or whether further unexplained themes were present in the data.

3.3.2 Round 2 interviews
A second round of interviews was performed to see if the findings from round 1
were consistent and to determine whether the codebook needed to be extended.

Participants in this round were five other PWs from the municipality (three
female, two male), working in diverse domains of expertise. These users had
between 0.5 and 1.5 years of experience.

Interviews were conducted in a similar manner to the first round, but an
additional list of topics was prepared to investigate.

3.4 Task Analysis Results

The work and search tasks of PWs are presented based on the interviews
conducted. An overview of the PW information seeking process is also presented.
Finally, consideration is given to how to better support PW tasks.
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3.4.1 Work Tasks

The work tasks of PWs were characterised by their facets in Table 6 (the facets
corresponded to the codes from the codebook). During the second round of
interviews, evidence for all work tasks was found, except for WT3 (answering
council member questions) and WT6 (performing internal services). No
additional work tasks were found, indicating that the most relevant work tasks

had been identified. The results are discussed in Table 6 per facet.

Table 6. Descriptions of work tasks that involve web search tasks.

ID Task Topic Aspect Information Retr. Unit Complexity
Description Sources

WT1 | Monitor my Topic background Domain- Various Hard
domain dependent

WT2 | Learn a new Topic background Domain-dep., | Various Hard
domain Experts

WT3 | Answer CM Topic background, | web Various Easy
guestions policy

WT4 | Give advice Topic background, web, domain- | Various Medium
on a project policy dep.

WTS5 | Research Topic background, web, domain- | Various Hard
complex policy dep.
problem

WT6 | Perform Resource Intranet, Action Easy
internal colleagues
service

WT7 | Maintain/ Resource Utrecht’s Pages, Easy
update info webpages Documents

We now discuss the results for each column. The task IDs are shown in the first
column, and an informal task description is provided in the second column. The
topic aspect facet encompasses various types of declarative domain knowledge
in this area, which is the third column. Our findings suggest that tasks mainly
focus on the detailed substance of a topic and the current policy related to it.

Information sources for each task are listed in the fourth column. Multiple
tasks identified webpages as an important information source. The main
webpages mentioned were those belonging to government entities (local,
provincial, and national) and webpages containing public sector research, such
as those from national statistics bureaus. The specific set of important webpages
differed between PWs, possibly due to their different domains of work, and may
even vary between individuals.

There were insufficient data to investigate if there exists a finite and
authoritative list of important webpages for each domain. However, it was
observed that the web domains owned by the municipality are the most
authoritative sources of information, as these are maintained by the colleagues
of the users.
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A large diversity of retrieval units was found as shown in the fifth column.
Information is sought in various forms, such as facts, documents, contact
information, or datasets. This diversity is likely a consequence of the study not
focusing on specific domains but rather on all PWs. This broad scope means that
the results have aggregated tasks from different domains, resulting in some loss
of detail on specific tasks.

The estimated task complexity is in the final column, which was validated
by a PW in a clarification session. The authors found task complexity and
frequency useful during system development to prioritise what features should
be developed first and to decide when it is worth investing in specialised search
functionality.

3.4.2 Search Tasks

Supporting PW tasks first requires an understanding of the search tasks that
occur. A high-level overview of the search tasks we found is shown in Table 7, and
described with more facets in Table 8. During the second round of interviews,
we found more evidence for all search tasks except for ST3 (exploring colleagues’
tasks), and found no additional tasks.

Table 7. High-level descriptions of search tasks.

ID Task Objective Task Motivation (Web) Search Found | n Times
Intention PWs Non-
PWs
ST1 Find a domain Ask for advice Informational/ 5 3
expert Advice
ST2 Find out who works | Ask a request Resource/Obtain 7 2
onx
ST3 | Explore colleagues’ | Avoid overlap in Informational/List | 5 3
tasks work
ST4 | Find a data coach Find all relevant Informational/ 4 1
data Advice
ST5 | Re-find most recent | Check compliance | Navigational 4 2
policy
ST6 | Find structured Decision-making Informational/ 4 1
data or giving advice Download
ST7 | Quickly (re)find a Answer council’s Informational/ 6 0
fact question Closed directed
ST8 | Find intranet page | Find info or Resource/Interact |0 2
perform action

The mapping between the work and search tasks is not obvious, unlike the
findings of a similar study that was performed with council members [140].
The work tasks of PWs are more domain-dependent than those of council
members. Aggregating the tasks from multiple domains mandates adopting a
more abstract and generic view level than in the previous work. Because of this,
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we cannot use the user goals in the work tasks to add context to why a search
task is performed. Instead, we add a search task motivation facet to describe the
context. It paraphrases the broader purpose that users state for a given search
task. We find no mapping between tasks, but note that more complex work tasks
seem to include more search tasks as was also found previously [93].

The results in Table 7 are discussed per column. It starts with the facets of
task ID, task objective and task motivation. The web search intention [125] is in
the fourth column. We find a substantial number of references to navigational
tasks, such as ‘(re)finding the most current version of a policy document’.
Informational tasks also occur, for which users often report asking for help from
a colleague. Most complex tasks are informational tasks. Only users who are
the expert on a given topic seem to be willing to invest the time and effort to
thoroughly search for information, rather than finding an appropriate internal
expert and asking them.

There is a difference between the tasks that were mentioned by PWs and
the tasks mentioned by users with other functions as shown in the final columns.
Which tasks users perform depends on (at least) their role in the organisation
and their experience [57]. PWs have more tasks related to finding data and facts
online, whereas others have more tasks that involve finding experts (such as
PWs). This reflects the role of PWs as the domain experts that eventually answer
specialised questions.

The rest of the task facets is used to characterise the same search tasks
in more depth in Table 8. The table starts with the task ID and an informal
description of the task objective. The information channels used to complete
the task are shown in the third column. The primary channels for finding experts
are either networking through colleagues or consulting the Who-Is-Who (WIW)
system. This is an internal social media system that presents HR data along with
the user’s self-described expertise. There is a large vocabulary gap between
colleagues, however (even within the same domain), and not all users enter
exhaustive information. It is frequently used to find pictures of colleagues that
users are about to meet, but the system does not represent the users’ tasks and
responsibilities in a findable way.

Other PW search tasks are primarily performed using search on the web or
in personal information systems (usually in email or on the Desktop). The iBabs
system is used to archive policy information, although this information is also
frequently accessed by users through a web search engine.

The topic aspect reflects what type of declarative domain knowledge
is applicable to the task and is recorded in the fourth column. PWs may be
interested in different aspects of the same topic, and when they are interested
in a particular topic aspect, this changes what they understand as the relevant
context. The topic aspect of interest indicates which document genres are
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relevant (e.g., the document subset containing background information vs. the
document subset containing political discussions) and how to present search
results in the interface (e.g., using speech fragments as the retrieval unit as
opposed to whole documents).

Table 8. Descriptions of (web) search tasks using a faceted task classification. The dash
line separates which tasks involve searching for people, and which involve searching
for documents.

Task | Task Objective | Channels Topic Aspect Retrieval Unit | Search Goal

ID Informal Where do you What aspect of | What Specificity
description search the query topic | information of need

is important do you need
now

ST1 | Find adomain | WIW, Expertise Contact info Specific
expert colleagues (knowledge) (picture)

ST2 | Find out who WIW, Expertise (tasks) | Contact info Specific
works on x colleagues

ST3 | Explore WIW, Expertise (tasks) | Contact info, | Amorphous
colleagues’ colleagues contact tasks
tasks

ST4 | Find a data Known people Expertise Contact info Specific
coach (knowledge)

ST5 | Find most web, Desktop, Policy Policy Specific
recent policy iBabs document

ST6 | Find structured | web, colleagues | Data Dataset, Amorphous
data or giving advice meta-data

ST7 | Quickly (re) web, mail Information Fact Specific
find a fact (Fact)

ST8 | Find intranet Intranet Internal info/ Fact or page Specific
page service

Two types of expertise were found as two different topic aspects: the need for
a person with declarative knowledge and the need for a person with procedural
knowledge. The knowledge type being sought seems to affect what expert is
relevant, although further study is required to understand how this works.

The retrieval unit facet indicates the structure of the information a user
is looking for in the sixth column. For policy documents, it is typically the most
recent version of a given document. For expertise tasks, this typically includes
the person with contact information, and possibly a picture if a face-to-face
meeting is likely. Tasks involving datasets benefit from additional context, such
as who created it and when, and when it was last updated. We note that some
of the retrieval units in search tasks did not appear as retrieval units for work
tasks, suggesting the work task in question does not determine the retrieval unit
of search tasks. The same goes for the topic aspects.
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A large proportion of search tasks have specific rather than amorphous
goals as seen in the final column. We observe that the Who-Is-Who system on
its own is not able to satisfy specific expert search tasks, which seems to lead
to users to falling back to networking with colleagues. There is no adequate
representation of declarative or procedural domain knowledge of colleagues,
making it challenging to search for these effectively.

A categorisation of the PWs themselves based on their knowledge types
[74] reveals that PWs demonstrated expertise with high levels of declarative
(what is it) and procedural (how to do it) domain knowledge. They possessed
significant declarative search knowledge (where to find it) for tasks within their
domain and varied levels of procedural search knowledge (how to find it).

3.4.3 Overview Information Seeking

In Figure 9, we show a simplified overview of where and how policy workers
search. The two main findings are that (1) half of the web search tasks involve
finding human sources rather than other sources, and that (2) users face an
overload of information when they perform search by themselves. We discuss
these points in turn.

Figure 9. A simplified overview of information seeking behaviour of policy workers is
presented, along with two hypotheses to improve support for their tasks. These were
derived from the task analysis.

Role of Expert Search

To contextualise why half of the web search tasks involve finding human sources
rather than other sources (see Table 7) we turn to the interviews. Although
human sources are known to be important in organisations (e.g., [103, 135,
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110, 118]), the municipality was surprised to learn that we found more tasks
involving human sources than tasks involving non-human sources. Interviewees
noted that this is not only an easier way to search but also yields better results
for these tasks. An example of this is found in the role of data coaches. Although
these know how to connect users to the correct dataset (ST4), they do not have
domain expertise. Because of this, most people-finding tasks look directly for
domain experts instead. The following reasons were mentioned on why PWs
approach experts:

e The expert knows where relevant data are located, both inside and
outside the organisation;

e The expert can give context to the data, e.g., what is trustworthy and
worthwhile;

e The expert can give advice on the work task;
e The expert can help avoid performing redundant work;
e The time spent actively searching is reduced.

The reasons above help explain why finding domain experts can be more useful
than searching by oneself. The decision to search for an expert has various
factors, such as their perceived approachability [135] and individual preferences.
We find that experts are primarily approached during complex work tasks
(WT2, WT4 and WTS5), whereas users do not approach them during simpler
work tasks or when they themselves are the expert. We therefore hypothesise
that the most important factor for policy workers is whether they perceive a
task as complex. Two important aspects of task complexity are the number of
subtasks [94] and the task determinability [30] (the level of uncertainty in the
task processes and outcomes). If the preferable way to solve complex tasks is to
search for experts, then supporting complex tasks would imply integrating expert
search functionality. We note that this preference for expert advice appears
more relevant in this professional context than in personal search contexts, as
previous studies found that users prefer impersonal information sources (e.g.,
search engines) over interpersonal ones (e.g., experts) during their personal
search tasks [168].

Information Overload

Another challenge is that users face an information overload once they search
by themselves (PW2: “You don’t know where to search” ). This information
overload is not unique to policy workers [51]. It exists because there are many
information sources and because those sources often include a lot of information
that is irrelevant to the PW search tasks. The best example of this is web search:
although there are many relevant web resources, this is only a fragment of the
whole dataset. Participants indicated the importance of authoritative sources
(PW3: “What is the official version [of this document]?”.

49



Chapter 3

Novice PWs noted that the information overload is challenging, which
is unsurprising because not only does it take a while to learn effective search
strategies in a new domain [127] but it is also more difficult for novices to identify
which search results are relevant [136]. Experienced PWs have developed search
strategies and know the most pertinent sources to their domain (PW2: “These
days | know my way around”). Over time, such coping strategies become part of
the information culture of the organisation (e.g., [25] chapter 3, [79]) and are
taught to novices. Even so, their information seeking still includes uncertainty,
and it usually involves high time pressures [17]. For both novice users and
experienced users, the combination of information overload and time pressures
can be challenging. One way to deal with information overload is to remove
irrelevant documents from the search index [51].

3.4.4 Conclusions: How to Better Support PW Web Search Tasks

In the first part of this paper, we characterised the tasks of PWs (RQ1), in order
to find how we might better support them (RQ2). The codebook remained
unchanged throughout both rounds of the analysis, indicating stability for all
task-related themes. This suggests that there are no task facets missing in the
task model and that the same model can be used to describe the tasks for both
council members and policy workers.

Based on this analysis, we found that PWs use web search as a channel for
simple (e.g., navigational/resource) tasks, and they ask colleagues for help for
more complex (e.g., informational) tasks. Existing search engines are of limited
use for simple search tasks because results from useful and authoritative
sources are drowned out by other sources. This problem is largest when
searching web sources. To better support simple tasks, we develop a web search
engine containing only authoritative sources. The finding that policy workers
solve complex tasks by finding experts suggest that complex tasks would be
best supported by integrating expert search functionality. This leads to two
hypotheses on how to improve the search experience

(RQ2):

H1 For specific (navigational/resource) tasks during PW web search, a
search engine with a focused craw! will be a more usable channel than
a generic web search engine.

H2 For complex web search tasks (in a domain they are not familiar
with), PWs will abort searching by themselves to find a colleague/
expert on the topic.

The first part of the paper identifies challenges and opportunities in the
information seeking process, resulting in these two hypotheses. Because policy
workers at other municipalities have the same tasks, we expect our findings
(tasks and hypotheses to support them) to be generalisable. The second part of

50



Improving the Effectiveness and Efficiency of Search Tasks

the paper presents the development of a new search system, which is used to
test these hypotheses using simulated tasks.

3.5 Search System Development

The web-based tasks of PWs were identified. Now, the development of a search
engine that better supports these tasks is described. Designing a system is not
an exact science, but we found that characterising the users’ tasks is more useful
than having the generic user stories that were typically available when designing
search engines at the municipality. The approach is shown in Figure 10, where
the different facets in the task model informed different aspects of the system
design.

Figure 10. Development of the proposed search system was informed by the tasks
previously identified. Different task facets informed different aspects of the system
design.

The Ul elements and ranking functions are informed by the task descriptions.
The paper describes only the system elements that are relevant for testing the
hypotheses.

3.5.1 Focused Crawl

A total of 40 domains were identified to be included in the focused crawl,
consisting of 17 internally owned domains and 23 additional domains found by
manually inspecting all 6553 outgoing links from the municipality’s homepage.
We consider websites linked from the city homepage authoritative. Organisations
that catalogue their web resources can bypass this inventory process.

3.5.2 Ul Elements

A minimal interface was developed to search the authoritative sources, where
the search results display the title of the webpage, its domain, and a brief
description as shown in Figure 11. The descriptions of the search results are
based on the meta-data description of the webpage, which outlines its contents.
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In cases where this description is unavailable, the interface provides data-driven
snippets, which include the first sentence on a page containing a query term.

Figure 11. The document search vertical for searching in authoritative information
sources on the web.

3.5.3 Ranking Functions

Authoritative sources were selected for the focused crawl. A basic BM25F
ranking function was constructed based on experimentation, which weights the
webpage title, keywords (if available) and fulltext content equally. Whenever
the substring “municipality utrecht” was present in the query, we filtered it out
(users tended to add it unnecessarily due to their prior experience with web
search). To boost the score of documents based on their recency, we used a
linear function. The most recent documents in the set had their score multiplied
by 1.5, while the oldest documents were multiplied by 1.0.

3.6 Method

The best search engine is the one that best supports the tasks it is used for
[98]. This concerns more variables than just, for example, ranking, and hence
we measure the overall usability of the system for the tasks that were identified
[77]. Usability consists of effectiveness, efficiency and user satisfaction [75].
These are metrics of both the task process and the task outcome as necessary
for a complete task-based evaluation [144]. Additionally, basic search behaviour
statistics were tracked. This methodology is similar to that of previous studies,
such as the work of Arguello et al. [5]. However, unlike Arguello et al., our
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evaluation measured task effectiveness based on task outcomes instead of
relying on self-reported measures.

Effectiveness, efficiency and search behaviour were measured by (simulated)
task performance, and an anonymous post-experiment questionnaire was used
to measure user satisfaction.

The effectiveness of a search engine using only authoritative sources (web
domains owned by the municipality) was investigated in this study, with the
potential for expanding the list of authoritative sources in the future. A challenge
in this approach is the variety of systems and search methods utilised by PWs,
including preference for different search engines (e.g., Google or Bing) and
methods of search (e.g., web search or direct navigation to known webpages).
The proposed search engine was intended to supplement the current information
eco-system of the municipality and was compared to current search strategies
used by PWs, such as generic web search engines, searching the municipality’s
homepage, or direct navigation to known pages.

3.6.1 Task Construction
Because simulated tasks should be realistic and engaging [65, 83], the tasks were
adapted from real tasks that PWs have performed.

Simple Tasks (eight) were generated by asking PWs to recall and perform simple
search tasks they had recently completed. Each task consisted of a sentence
providing context for the work task (i.e., what the user wants to do with the
information) followed by a sentence describing the search task (i.e., what
information the user needs to find). For example, one task was to find a page on
the municipality website with a link to the latest version of a policy document
titled “Wijkaanpak Overvecht”.

Complex Tasks (four) were adapted from information-seeking requests in the
mailboxes of policy workers. At least one sentence of the work task context and
at least one sentence of the search task context were included in each of the
four tasks. These tasks were considered more complex than the simple tasks
identified earlier, as they have lower a priori determinability [26, 30] and more
subtasks [93]. An example of such a task is ‘Suppose a new playground is planned
for neighbourhood x. What is the estimated number of households and children
in this area?”.

3.6.2 Task Design

Out of twelve possible tasks, six tasks were assigned to each participant. They
completed half of them using the proposed system, and half using any other
existing methods. These two conditions are referred to as ‘Proposed system’
and ‘Other’. In each condition, participants completed two simple tasks and one
complex task. Half the participants started with one condition, and half with the
other. For every two participants, a random selection of tasks was made, where
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every second participant completed the ones the previous participant did not.
These tasks were presented in a random order.

In the study, each task was designed to last until an answer that the participant
finds satisfactory is found, a 5 min time limit is reached, or the participant gives
up on searching. If the participant stops searching early, they are asked how they
would proceed if they needed the information for their work.

3.6.3 Participants

Fifty people who work with policy information were invited to participate,
and 16 respondents (8 female) ended up taking part in the study. Age was not
recorded, but the post-experiment questionnaire showed that the participants
had an average of 8.5 years of experience working on policy, with only one third
of them having fewer than 6 years of experience. After the experiment, 11 of the
participants completed an anonymous post-interview questionnaire.

3.6.4 Data Preparation

Results from one task were dropped due to an interruption affecting the
measurements. Additionally, three further tasks were lost due to a corrupted
file. The analysis presented below is based on the remaining 92 tasks (n = 92).

3.6.5 Metrics

Search task completion was investigated using effectiveness, efficiency and
search satisfaction. Independent tests were conducted for each of these metrics,
as they have been found to have little correlation [52, 68]. Basic search behaviour
was also analysed independently.

Effectiveness was measured as the proportions of tasks that were completed
correctly, incorrectly (when inaccurate results were accepted by participants),
and incompletely (when participants ran out of time or stopped). In cases where
a task was incomplete, participants were asked how they would proceed if they
required the information for their work. Efficiency was measured as the time
taken to complete a task (in seconds), with a maximum time limit of 300 s.

The system usability scale (SUS) questionnaire was used to measure user
satisfaction [21]. While it does not directly measure satisfaction, it isa commonly
used usability metric for test-level satisfaction, which measures usability for the
entire test session rather than measuring it for each individual task [91].

Basic search behaviour was recorded, including the number of queries,
clicks, and direct URL navigations. Additionally, the number of search engines
used was recorded (e.g., a search result might have its own local search).

Significant effects on efficiency (in time) and satisfaction (SUS score) were
tested using an analysis of variance (ANOVA). For measuring significant effects
on task effectiveness, a multinomial logistic regression was used instead, as it
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can handle the categorical dependent variable. The independent variables in
these tests were the task complexity (simple or complex) and the system used
(proposed/other).

3.7 Results

Hypothesis H1, regarding whether search results are obfuscated in generic web
search engines, is tested by reporting on the effectiveness and efficiency of task
completion. Hypothesis H2, regarding whether users solve complex information
tasks by asking colleagues for help, is investigated by asking users open questions
when they give up on searching or run out of time.

3.7.1 Effectiveness

Participant effectiveness using the search engines is shown in Table 9. In some
cases, users completed tasks by providing incorrect answers or approximately
correct answers. An incorrect answer is defined as one where the user ended
the search task, but it would not satisfy the work task upon closer inspection. For
instance, users were required to identify the name of the alderman for secondary
education, whereas some users found the name of the alderman for primary
education instead. An approximately correct answer is when a participant used
a known dataset to approximate the correct answer. Another example is when a
participant found a summary of the target document rather than that document
itself.

It was found that participants were less effective at completing complex
tasks, which was as expected. Participants who did not complete a task were
asked about their next steps to obtain the information needed for their work. All
participants responded that they would ask their colleagues for help, although
some considered searching for a while longer before doing so. The reasons for
stopping search have been investigated in previous studies, with factors such as
deadlines and the feedback of colleagues [17]. These findings are consistent with
the idea that users may choose to seek assistance from colleagues to complete
sub-tasks within a search.

Multinomial logistic regression was performed to compare the effectiveness
of the proposed and other approaches. The results showed that both the task
complexity (p = 0.00374, odds ratio = 0.077) and the search engine effects (p =
0.0416, odds ratio = 10.7) were significant factors when comparing the correctly
completed tasks to the incorrectly completed tasks. When comparing the
correctly completed tasks to the incomplete tasks, only the task complexity had
a significant effect (p < .001, odds ratio = 0.0093), while the search engine did
not (p = 0.59, odds ratio = 1.52). These findings suggest that the choice of search
engine did not affect the likelihood of finding a correct result but that using the
proposed system was better for avoiding incorrect results. Additionally, the odds
ratios indicated that the search engine had a stronger impact on correct task
completion than the task complexity.
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Table 9. Results from comparing the proposed system to existing search methods. Task
completion was defined as when the search ends with a correct, approximately correct
or incorrect result. Additionally, tasks could also end when the user decided to ask

for advice or reached the time limit. Time spent searching was reported for multiple
outcomes, such as task completion and stopping search to ask an expert instead. The
number of search engines and search actions were reported per task.

Condition Simple tasks (n = 61)
Effectiveness  Correct Approx Wrong Expert Time Limit
Proposed 100% 0% 0% 0% 0%

Other 87% 3% 7% 0% 0%
Efficiency  Complete Time to correct Avgtime Time to expert Actions to correct
Proposed 100% 27 s 27 s - 2.6

Other 87% 38s 46s - 3.1
Behaviour  #engines #queries #clicks #navs #total
Proposed 1.00 1.19 1.04 0.38 2.61

Other 1.00 3.00 0.92 1.54 5.46
Condition Complex tasks (n =31)

Effectiveness  Correct Approx Wrong Expert Time Limit
Proposed 33% 0% 0% 54% 13%

Other 27% 7% 20% 33% 13%
Efficiency  Complete Time to correct Avgtime Time to expert Actions to correct
Proposed 16% 141s 148 s 107 s 4.5

Other 17% 170s 186s 178's 8
Behaviour  #engines #queries #clicks #navs #total
Proposed 1.00 2.00 0.75 1.75 5.00

Other 1.33 3.00 3.00 2.00 8.00

3.7.2 Efficiency

The efficiency of tasks performed in the proposed system was compared to
those using other search engines to determine whether the proposed system
was more efficient in supporting the tasks. Table 9 displays the results, which
indicate that in the proposed system, searching was faster and required fewer
actions than the other strategies. In general, complex tasks took significantly
longer than simple tasks.

A factorial ANOVA was performed to determine whether tasks were
performed more efficiently depending on the choice of search engine. The
dependent variable was time (in seconds), and the independent variables were
task complexity (simple or complex) and search engine (proposed or other).
The results showed that both the task complexity (F(1, 88) = 93, p << 0.001,
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17 = 0.51) and search engine (F(1, 88) = 4.0, p = 0.047, 1; = 0.04) had significant
effects, while the interaction effect was not significant (F(1, 88) = 0.47, not
significant). These results indicate that using the proposed system was more
efficient and that simple tasks were completed more quickly. The effect sizes
suggest that changes in task complexity had a much larger impact on efficiency
than the choice of search engine.

Figure 12. How much time was spent before users gave up searching by themselves and
instead approached an expert.

Figure 13. How many actions were performed before users gave up searching by
themselves and instead approached an expert.
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As time went on, users were increasingly likely to stop searching and instead
ask colleagues for advice (see Figures 12 and 13), in what seems to be a linear
relationship. If atask was not completed, participants were asked how they would
proceed if they needed the information for their work. All said that they would
find or approach an expert. It may therefore make sense to integrate expert
search functionality in the web search engine, especially if a search session has
been going on for some minutes. Previous studies found that participants spend
longer searching during web search (a median of 10 min) [156], which may be
because professional search has a lower barrier to asking for help.

3.7.3 User Satisfaction

Based on the participants’ responses to the questionnaires, we found that the
user satisfaction with the proposed system was average. The score on the system
usability scale (SUS) was 69.25, which is an average usability score. Participants
also reported an average ‘overall affect’ of the proposed system of 3.7 out of 5,
and an ‘average desire to use the system’ of 3.4 out of 5.

3.7.4 Search Behaviour

The usage of basic search actions in successful search strategies was measured
to consider if the system affected search behaviour. As presented in Table 9,
it was found that overall fewer search actions were required when using the
proposed system compared to the participants’ existing methods. In general,
complex tasks required twice as many actions as simple tasks, and as the tasks
became more complex, there was an increase in the proportion of navigational
actions on each search result.

When not using the proposed search engine, the participants used generic
web search engines and/or the one on the municipality’s homepage. In addition,
site-scoped search engines on the webpages discovered through the SERP
(Search Engine Result Page) were used. A distinction between successful search
strategies using a shallow’/query-based search and a more deep’/navigational
search is suggested by these results. In the former, participants rely solely on
the search engine and consider only the pages on the SERP as viable results.
In contrast, in the latter, participants engage more with each page by directly
navigating to it or clicking links.

A factorial ANOVA was performed to test whether the search became
more navigational depending on task complexity and search engine used. The
dependent variable was the proportion of search actions that were navigational
actions (normalised to 0-1), and the independent variables were task
complexity and search engines used. The results indicated that task complexity
was a significant factor (F(1, 49) = 4.75, p = 0.0342, 17 = 0.09), whereas the
search engine used was not significant (F(1, 49) = 0.107, not significant). This
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suggests that more complex tasks required more navigational search behaviour
to complete correctly, but the search engine used did not affect this behaviour.

A significant interaction effect was found between the task complexity
and the search engine, with a (F(1, 49) = 4.83, p = 0.0327, 1] = 0.09. In the
proposed system, a navigational strategy was a significant factor for success in
completing complex tasks. It is suggested that this may be due to the limited
scope of webpages available in the proposed system, which may have forced
users to engage more deeply with the pages available.

3.8 Discussion

Although low sample sizes were used in both studies, the findings were consistent
between two different groups of policy workers, suggesting both that findings are
consistent and that we identified the most important tasks. A study conducted
with council members found that tasks of a user group with the same function
were consistent across municipalities [140]. If the tasks identified in this study
are generalisable to other municipalities, then the quantitative findings are also
expected to hold true. Additional municipalities can be supported by the search
engine by including the authoritative sources relevant to those municipalities.

Overall, the findings of this study are consistent with previous literature on
PW information seeking. More specific details were found about the tasks that
they perform and on how to support them. It was suggested that knowledge
workers, such as policy workers, would greatly benefit if their organisations
improved the tools for (internal) expert search.

3.9 Conclusions

Although previous work presented both generic task models and domain-
specific search engines, it is less clear how to combine these two. This paper
presents how to combine the two by adapting the generic model for the purpose
of developing specific applications. The search tasks of policy workers (PWs)
were characterised, and a search engine was developed to improve the support
provided for these tasks.

In the first part of the paper, an explorative task analysis was conducted to
identify and characterise work tasks and search tasks using a faceted task model
(RQ1). PWs have different challenges during simple tasks and complex tasks, and
these challenges are the largest when performing web search. Existing web search
engines are not effective in supporting simple tasks, as authoritative sources
are drowned out by less authoritative sources. For complex informational tasks,
PWs typically seek assistance from colleagues instead of attempting to search
on their own. Complex tasks can be supported by integrating expert search
functionality. Two hypotheses were formulated by comparing these findings to
existing information systems, with the goal of improving support for PW tasks.

59



Chapter 3

In the second part, a search system was developed to better support PWs,
and two hypotheses were tested (RQ2). The first hypothesis proposed that simple
tasks could be better supported by a search engine containing only authoritative
sources. The second hypothesis states that users would abandon search during
complex tasks in favour of seeking advice from colleagues. In an experiment
based on real tasks, PWs performed simulated tasks to test these hypotheses.

The hypothesis for simple (navigational/resource) tasks was confirmed,
as we found that the search engine with a focused crawl was overall more
useful than a generic search engine. The search engine that was used did not
affect the chance of obtaining a correct result, but the search engine with
only authoritative sources reduced the chance of users accepting incorrect/
incomplete information. Furthermore, the proposed system resulted in lower
task completion times and generally received positive user satisfaction.

The hypothesis for complex tasks was confirmed, as we found that people
tend to abort searching by themselves and instead seek advice from experts.
This was attributed to the added value that domain experts provide to the
information found, as well as the potential time savings. Therefore, integrating
expert search functionality provides valuable support for complex tasks. The
municipality was surprised to find that human information sources are more
important than non-human sources. All participants gave up on searching by
themselves after a few minutes, and instead wanted to approach a colleague for
help. The data suggests a linear relationship between the time spent searching
and the likelihood of seeking help from a colleague.

As web tasks became more complex, less ‘shallow’ search behaviour was
exhibited by users, and more ‘navigational’ behaviour was observed. In the
former behaviour, participants mainly interacted by querying and investigating
search results. In the latter, they interacted more with each page they visited, by
clicking links or searching on the website of a search result.

A limitation of the work is that the qualitative studies were conducted
with small sample sizes. Additionally, the search engine only addresses the
web-search tasks of policy workers (because at this organisation, other search
engines proved sufficient for the other tasks). There is a limit on how well the
findings of this study generalise to other users and organisations because we
focused on a single user group at a single organisation.

Future work could quantify how often people in other roles and at other
organisations choose to abandon or skip using a search engine in favour of
asking colleagues for help. If similar behaviours are found, it would emphasise
the importance of properly integrating people as search results within (web)
search results. An example could be to perform expert search (see, for example,
[8]) and integrate the resulting experts within the (web) search results during
long search tasks.
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In conclusion, by conducting a task analysis of PWs, we identified tasks
that lacked adequate support. A search engine was developed to better
support simple (navigational/ resource) tasks of PWs, and it was found that
complex (informational) tasks can be better supported by integrating expert
search functionality. Search functionality for web-based search tasks can be
standardised for (at least Dutch) municipalities, given that PWs at different
municipalities perform similar tasks.

3.10 Chapter discussion

This chapter validated the task facets identified in the previous chapter, and
explored how to determine which tasks would benefit from specialised search
functionality (TRQ2). This was achieved by comparing the necessary tasks
to the available functionality. Future studies could add more nuance by also
identifying which tasks are important enough to warrant support based on
the task’s frequency, importance, and complexity, as well as the severity of the
consequences if a task is not completed. The perceived complexity of task can be
a useful indicator for identifying tasks that may benefit from improved support,
as enhancing task support will reduce its complexity.

This chapter identified a class of tasks that could benefit from better
support: complex web search tasks often lead a sub-task where people seek the
assistance from colleagues with expertise. The next chapter investigates how we
can better support this expert search task.

3.11 Chapter outcomes

We applied these insights during the development of a ‘one-search-for-all’ search
engine (see Figure 1 phase 2), by first identifying all tasks of the target user group
(policy workers) and then determining which tasks required further support.
We found that 70 users were adequately supported in most web-based search
tasks, although support could be improved for two main tasks. Consequently,
the project shifted focus to support 1) web search limited to pages from trusted
public sector organisations and 2) the search for internal people with expertise.

Thus, we moved from developing a one-search-for-all search engine
towards creating a targeted search application (Figure 1, phase 2 to phase
3). Upon developing a prototype system, we confirmed that searching public
sector web pages led to faster and more correct task completion. However, the
estimated cost of maintaining the search system outweighed the estimated
time savings for users®. Conversely, supporting expert search appeared to offer
greater benefits, as the target user group is larger, more time may be saved, and
there are significant benefits beyond the time that is saved. We estimated the
time that would be saved with this system based on how often users reported
searching, the time save within this system, and the estimated number of users.

3 We estimated the time that would be saved with this system based on how often users reported
searching, the time save within this system, and the estimated number of users.
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Chapter 4 Improving expert search effectiveness:
Comparing ways to rank and present
search results

Expert search systems help professionals find colleagues with specific expertise.
These systems can present results as either a list of documents with their
associated experts, or as a list of candidate experts with evidence for their
expertise based on documents they authored. The type of result presentation
may affect search behaviour, and therefore search task performance. Previous
work has focused on ranking experts or ways to interact with the search results,
but not on the effects from the result presentation

We compare the task performance of novice users using either a document-
centric interface (where each search result is a document and its associated
expert) or a candidate-centric interface (where each search result is a candidate
expert and their associated documents). We also compare candidate-centric
and document-centric ranking functions for each interface.

A post-experiment survey indicated that two variables affect participants’
interface preference: the retrieval unit (candidates or documents) and the
complexity (humber of documents per search result). These variables influenced
participants’ search strategy and task performance. A quantitative analysis
revealed that 1) using the candidate-centric interface results in a higher rate of
correctly completed tasks, as users evaluate candidates more thoroughly, and 2)
the document-centric ranking yields faster task completion. Weak evidence of a
statistical interaction effect was found, preventing a straightforward combination
of the most effective interface type and the most efficient ranking type.

This work resulted in a more effective, albeit less efficient, expert search
engine for the municipality of Utrecht.

4.1 Chapter contribution

The present chapter considers how to design the interface for a specific task
(TRQ3), focusing on an expert search task and its retrieval unit in particular (both
during ranking and in the interface). This work was motivated by findings in the
previous chapters, where we found that people performed expert search tasks
that had ‘people’ as the retrieval unit, even though they said they were searching
for ‘the kind of document this author would write’. Changing the interface may
help align the system’s functionality with the user’s mental model, and therefore
lead to a more usable interface. The chapter is published as:

Schoegje, T., Hardman, L., De Vries, A., & Pieters, T. (2024, March). Improving expert
search effectiveness: Comparing ways to rank and present search results. In
Proceedings of the 2024 ACM SIGIR Conference on Human Information Interaction
and Retrieval (pp. 56-65). https://doi.org/10.1145/3627508.3638296
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4.2 Introduction

Up to 73% of professionals in the public sector often encounter (complex) work
tasks for which they seek advice from colleagues [121]. Oftentimes it is unclear
for professionals where they can find a colleague with expertise on a given topic,
resulting in the need to find the right expert for the right task (e.g. ‘who can tell
me how the sound leak in concert hall Tivoli was repaired?’). Recent work found
that 59.5% of queries are conducted to find a person, based on the enterprise
search logs of a large biotech company [104]. Similarly, a study on policy worker
search tasks found that half of the tasks were about finding the correct person,
rather than finding information directly [138]. This search strategy was employed
by policy workers to solve complex search tasks, as it allowed users to acquire
the information they need for less effort. Additionally, an expert could help solve
one’s task and contextualise the available information [138].

Previous works on expert search interfaces have considered what
information is required to evaluate whether an expert is relevant (e.g. [67,
63]) and explored different ways for interacting with list of search results (e.g.
[173, 59, 58, 54, 96]). However, to the authors’ knowledge, no evaluation has
directly considered whether expert search results should be presented as
documents or as experts. We observed that, during informal think-aloud studies,
participants re-framed their original search intents from a people-focused goal
to an evidence-centric sub-goal: what type of documents might the person in
guestion write? Users translated their information needs to the functionality
shown in the search interface. We hypothesise that the presentation of search
results affects the search strategy, and therefore task completion. In this paper,
we quantify the influence of presenting search results as either documents or
candidates on task performance. This can inform what is otherwise an easily
overlooked and unconsidered design decision in practice.

Figure 14. During expert search results both the ranking and interface can focus on the
documents or on the candidates. Document-centric ranking sorts by the relevancy of
individual documents, whereas the candidate-centric ranking sorts by overall relevancy
of the candidate (e.g. the average of their documents).
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Our scope is on expert search within the context of the municipality of Utrecht,
as this lets us evaluate expert search within the enterprise search context of
‘find a colleague with expertise’. In this setting, we are interested in reproducing
previous findings on how to rank experts (by document or by candidate) and
then to consider how to present the search results. The two ranking types and
the two interface types investigated are shown in Figure 14. Finally, we are
interested in whether there are statistical interaction effects between the type
of ranking function and the type of interface, and which has a larger effect size
on task performance. These interests result in our research questions:

RQ1 /s a document-centric result ranking or a candidate-centric result
ranking preferable for finding experts who work at the municipality of
Utrecht?

RQ2 Is a document-centric interface or a candidate-centric interface
preferable for finding experts who work at the municipality of Utrecht?
RQ3 Are there interaction effects between the ranking type and the
interface type?

RQ4 What are the relative effect sizes of the ranking type and the
interface type on task completion?

We relate this study to previous work in section 2. The dataset is characterised
in Section 3, and we discuss the implementation of the system in Section 4.
In section 5 our method is described which encompasses both a qualitative
study and a quantitative study. Section 6 details the qualitative analysis, where
two factors were found that affect how users engage with the interface: the
complexity of the information and the presented retrieval unit. These variables
appear to affect task performance. The quantitative results in section 7 indicate
that the document-centric ranking type is faster, whereas the candidate-centric
interface type leads to more tasks completed correctly. Weak evidence for an
interaction effect was observed between the interface type and the ranking type,
prohibiting us from combining the best interface tested with the best ranking
tested. In the discussion in section 8 we argue that correct task completion is
preferable over efficient task completion in this context, as approaching the
incorrect expert can incur a social cost and lose time, which is not measured in
this study. Based on the experiment with novice users trying to find colleagues
at an organisation, the paper concludes that presenting expert search results as
overviews of candidates elicits a more thorough assessment of search results,
resulting in more effective task completion for novice users.

4.3 Related work

Literature on how to rank experts consists of two main approaches [8]: ranking
individual documents (document-centric) or creating some model of the
candidate’s expertise, and ranking these candidates directly (candidate-centric).
The search behaviours of professionals can also be characterised as being either
document-centric or candidate-centric. For instance, professionals perform a
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document-centric search strategy when they search for a relevant document
and then contact the author [7]. An example where people perform a candidate-
centric strategy is when they ask colleagues whether they know experts who can
help them solve a task [135].

Given our domain of interest, we assume the authors of documents are
experts on the topic and therefore avoid challenges in attributing expertise to
the right people [8]. We note that some documents are more informative of
their authors’ expertise than others 75 [105], which we do not account for in this
paper as it does not pertain to our research questions.

Another line of research has investigated why, and how, people search for
experts [63, 173]. Such studies informed what contextual information should
be included within each search result [67, 69], assisting users in their decision
of whom to approach. This decision is based on both the perceived quality of
the expert as well as their approachability [120]. Some of these studies note
the value of presenting the search results as people as opposed to documents
(e.g. [118]) and designing retrieval units suitable for the current work task (e.g.
[141]).

The importance of designing interfaces has been noted in survey papers on
expert search as recent as 2019 [55, 69]. Some different interface designs and
functionalities have been proposed. Proposed interfaces often let users interact
with the results shown (e.g. [58, 54, 96]), and sometimes deviate entirely from
a traditional search engine result page (e.g. [109, 111]). There are studies that
investigated exclusively ways to present a document-centric search result (e.g.
[178]), candidate-centric result (e.g. [97, 120]) or entity-centric result (e.g. [61]).
These are typically not directly compared, and in most works this design decision
is made without explicit rationale because the research questions are focused
elsewhere. However, result presentation affects how users interact with the
system, as there is a relationship between the type of knowledge sought and the
ideal modality of search results [119]. Studies have also found that presenting
result grids or result lists affects how users examine the results [147, 126]. In
addition, it was shown that the user’s task affects how users engage with the
interface [126], and the present authors are not aware of existing research that
focused on whether results should be presented as documents or candidates for
expert search tasks. Hence we reexamined this fundamental design decision of
expert search interfaces, and measured the impact of this decision on the users’
effectiveness, efficiency and user satisfaction while searching.

Note that precision and recall are not suitable for evaluating an interface,
and hence our evaluation relies on the observation that the best search system
is the one that is most useful for the work tasks of the user [13, 74, 163, 162].
This study considers which interface is most useful for expert search tasks.
Usefulness is measured as useful = usability + utility [114]. All systems in our
study have the same utility (i.e., they can solve the same tasks), and therefore
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the evaluation focuses only on which system is most usable. Usability consists
of three components: the system’s effectiveness, efficiency and user satisfaction
[75]. This is not a novel approach to evaluating expert search interfaces (see e.g.
[96]).

Effectiveness can be measured as the proportion of tasks that were
completed correctly. System efficiency is typically measured in task completion
time. One approach to measuring user satisfaction is the System Usability Scale
(SUS) questionnaire [21]. Although it does not directly measure satisfaction, it
is a widely adopted usability metric for test-level satisfaction (i.e., measuring
usability for the whole test session as opposed to measuring it every task) [91].

4.4 Council Document Collection

In collaboration with one of the country’s largest municipalities, we utilized a
city council document collection®. We opted for this dataset as it is realistic to
needs of expert search in an organisation, and it allows us to avoid the problem
of linking a candidate expert to the evidence of their expertise. The collection
comprises approximately 6000 letters and memos, which were written by
around 1600 public servants who directed the documents to council members.
The letters are typically two pages long and written to provide information to
the city council in preparation for council meetings. Additionally, these letters
may include attachments that offer more extensive and detailed information.
Memos, on the other hand, are brief updates and are less informative in nature.
Each document is associated with a specific sub-domain, such as public health,
which users can specify in the document’s metadata when uploading it. The
collection of sub-domains in which a user possesses expertise is referred to as
their portfolio.

The documents were written using standardized templates (created in
Microsoft Word), which enables the extraction of author names from the
document header with a regular expression (see Appendix B for details).
Documents without extractable author names are not included in the indexing
process. Documents with multiple authors are also excluded, because these
documents could introduce a bias in our experimental setup (see section 5 for
more detail). After grouping author aliases 1032 unique authors were found
who wrote 4483 documents.

4.5 Implementing expert search

Although recent approaches to ranking (e.g. [97, 177] and presenting [16] expert
search results are sophisticated, our implementation is minimalistic to maintain
focus on our research questions. This section describes the design decisions that
let us investigate the research questions. Further implementation details on all
four combinations of ranking and interface types are in Appendix C, and the
code is available at www. github.com/UtrechtUniversity/expertsearch.

4 zoek.openraadsinformatie.nl - accessed 11-9-2021
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Ranking types are implemented by two elastic search® indexes. In the document-
centric index the entries contain the full text of single documents. In the
candidate-centric index each entry contains all the text of all the documents
that one individual wrote.

Figure 15. The expert search interface with document-centric retrieval units.

Figure 16. The expert search interface with candidate-centric retrieval units.

Interface designs are implemented by presenting each result with a document
panel and an expert panel. The document panel showcases the evidence of
expertise, whereas the expert panel displays the candidate’s portfolio and contact
information. The document-centric interface (shown in Figure 15) emphasises

5 elastic.co
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the evidence of expertise, and therefore positions the document panel on
the left side. If the result appears relevant, users can then locate the contact
information in the expert panel. The candidate-centric interface (depicted in
Figure 16) presents an overview of the candidate. Therefore the expert panel is
on the left, and multiple pieces of evidence are presented on the right.

Documents are always presented using the document’s title and a snippet
derived from Elastic’s highlight feature, limited to a maximum of 100 characters.
Titles are clickable and open the corresponding documents in new tabs, to
ensure users do not close the search engine tab. The author panel includes a
name, contact details, and portfolio.

4.6 Method

We investigate the effects of different ranking types and interface types on task
completion by having users perform simulated tasks in variations on the same
search engine. This experiment was performed in person as 1) search behaviour
was logged in the browser’s local storage, 2) to ensure participants use the same
equipment and environment, and 3) to ensure experiments were performed
without distractions.

A power analysis was performed to determine the required sample size for
our experiment, based on preliminary findings with the first three participants.
We performed a two-factor Analysis of Variance (ANOVA) of the task
completion time, while using an estimated standard deviation of 0.53 minutes,
a detectable contrast of 0.5 minutes, and a desired power level of 0.946. Using
these assumptions approximately 40 observations per factor combination are
necessary, equivalent to 20 participants performing 8 tasks each.

Participants in the study were selected to be novices in the domain, as we
observed that they faced the greatest challenges in locating both information
and experts. Experienced users already know the most relevant information
sources and individuals with expertise. Given that employees such as council
members are elected citizens, and that no specialist training is necessary, we
assume that citizens exhibit similar information behaviour as new employees.

Due to regulatory restrictions and the unavailability of public servants
during the early stages of the COVID-19 pandemic, we conducted the experiment
with citizens as participants. In compliance with local regulations at the time
of the experiment (restriction contact outside of known social circles), we
only recruited acquaintances of the first author. These were unfamiliar with
the research goals beyond what was necessary for an informed consent. To
ensure the safety of participants, numerous precautions were taken, including
maintaining social distancing, conducting repeated self-tests, and regularly
disinfecting the hardware and equipment using alcohol wipes.

70



Improving expert search effectiveness

Twenty participants took part in the experiment, all of whom were native
speakers. Half the participants identified as women. Most participants were aged
25 to 35, with four outliers being older than 40. No participant had professional
work experience in a similar domain, and none reported having any domain-
specific knowledge.

Tasks were adapted from tasks policy workers reported performing at the
municipality. Each of the eight simulated task starts of a work task description
(i.e., the end goal of the user), which is a textual description of one or two
sentences. This is followed by the search task description (i.e., information need)
described in a sentence. The simulated tasks are listed in Appendix D.

Ground truth data was constructed based on the assumption that experts on
a relevant sub-domain would know the answer, or would know the person
to contact instead. An experienced policy worker from the municipality was
available to determine which sub-domains were relevant for each task. They
were not able to assess the relevance of individual experts, as they do not know
the expertise of all individuals employed at the organisation.

The experimental design took into account that participants should be able
to distinguish between the systems in the post-experiment questionnaire,
and hence each participant tested two systems with different interfaces. The
presentation order of interface types and ranking types are counter-balanced,
and the task order is randomised.

If a highly relevant document was marked as relevant in the document-
centric interface, all of its authors are marked as relevant. In the candidate-
centric interface, the user might mark one candidate as relevant based on
this highly relevant document, but not the other. To avoid this asymmetry in
relevance assessments, we exclude documents authored by multiple people
from the dataset.

Procedure for the experiment was to present participants with one of
the interfaces and a brief introduction. After given informed consent and
familiarising with the system they were instructed to imagine themselves as
new employees at the municipality, tasked with assignments that required
input from their colleagues. They were asked to identify and mark the candidate
expert(s) whom they would consider approaching for assistance, if any. Then
they performed the tasks without time limit. Each task was started and ended
by pressing a button. During a task, a description is displayed and participants
can check the boxes of experts they would approach. Users completed four tasks
in this first system, and proceeded to complete a questionnaire to evaluate the
system. Next, participants familiarised themselves with to the second system
and performed an additional four tasks. After a questionnaire about this system
they were presented a questionnaire that compared the two systems, and asked
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open-ended questions about how they search for expertise. The list of questions
is published alongside the code at github.com/UtrechtUniversity/expertsearch.

Analysis of the qualitative results investigated user preferences by manually
clustering and interpreting users’ responses from the questionnaires. This was
followed by a quantitative analysis that measures the effect of the ranking
type and interface type on aspects task performance (as introduced in section
2). Systems were compared in terms of effectiveness (rate of successful task
completion), efficiency (time to task completion) and user satisfaction (measured
using the System Usability Scale (SUS) questionnaire [21]).

4.7 Qualitative analysis

Users’ preferences for the user interface were divided, with half the users
preferring one system in the questionnaire and the other half preferring the
other system. We investigate the reasons for this, and whether to account for
this in our quantitative analysis. One participant’s data was excluded from both
the qualitative and quantitative analyses as they misunderstood the instructions,
and performed several tasks without issuing queries (and therefore rated the
same set of results for each task).

4.7.1 User preferences

A total of 30 reasons were given by participants to support why they preferred
one system over the other. After grouping similar reasons, as shown in Table
10, we found nearly all reasons pertained to the interface type. Exceptions are
marked with *, but even then these were only given when participants compared
two systems where only the interface (and tasks) changed.

User preferences indicated two main factors: retrieval unit complexity and
perceived retrieval unit. Both interfaces represent opposites in terms of these
factors, and users disagree on what is preferable. The retrieval unit complexity
refers to the level of complexity involved in retrieving information, while the
perceived retrieval unit relates to users’ perception of the granularity and
relevance of the retrieved information. Understanding these factors is crucial for
designing interfaces that cater to diverse user preferences and enhance usability
in expert search systems. Two main factors emerge that explain preference to
one system or the other: the retrieval unit and the retrieval unit complexity.

The most reported factor to prefer the document-centric interface is that
it shows less information (D1), which makes it easier to evaluate a search result
(D2). This contrasts against the primary reason to prefer the candidate-centric
interface: this interface gives a better overview of what a candidate expert does
(C1). Participants disagree on the trade off between the amount of information
needed to be confident enough of a candidate’s expertise. The second factor
that participants prefer the document-centric interface is that it allows them to
first evaluate the document, and then use the author characteristics (i.e., their
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portfolio) as further evidence (D3). This contrasts with the second main reason
to prefer the candidate-centric interface: these users prefer first evaluating
author characteristics and using the written documents as further evidence (C2
and C3). This second factor shows how the interfaces represent two different
search strategies, where one’s mental model is either document- or candidate-
centric.

Table 10. Reasons for preferring one search system over the other (as reported in the
questionnaire). A few reasons (marked with *) are not directly about the interface,
but were found when only the interface and tasks changed. These reasons could be
correlated to interface type. This variable was measured between individuals, but
notably none of the reasons mention different interfaces were better for different
tasks.

ID Interface Reason

D1 Document Simpler / not too much information

D2 Document Easier to evaluate a document
D3 Document | first want to evaluate the document, then the author
D4 | Document Less irrelevant information is combined
D5 Document Focus on what one does, rather than user characteristics
D6 Document More intuitive
D7 Document The tasks were easier*
Cc1 Candidate
C2 | Candidate
c3 Candidate
C4 | Candidate
c5 Candidate

Ccé6 Candidate

Better idea of what a user does

Focus on user characteristics rather than writing

| first want to evaluate the author, then the documents
Have to be less good at selecting keywords*

Didn’t feel like | found who | wanted in the other*

B R R RPN NP P RPN W W oS

Results were more relevant*

In a follow-up questionnaire, seven participants reported consciously modifying
their search strategies. Five of these indicated they changed whether they
evaluated documents or candidates first. One participant mentioned that in the
candidate-centric interface, they searched for topics, whereas in the document-
centric interface, they were uncertain of what to search for, and attempted
searching by function titles instead. More experience with the system might
have affected their search behaviour. The final participant mentioned that the
candidate-centric system required them to open more documents before they
were certain an author was relevant. Participant p17 succinctly remarked that
"in the [candidate-centric] interface, you find experts, and in the [document-
centric] interface, you find documents”. The order of the document and
candidate panels in the interface influences how users evaluate search results,
as the perceived retrieval unit changes. An interesting side-note is that users who
preferred simple information did not like when the candidate-centric interface
presented irrelevant documents (D4). This occurred when an author had one
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highly relevant document and a number of tangentially related documents.
Although this signals one’s limited expertise, these users would prefer just not
seeing it.

4.8 Quantitative study

The effectiveness, efficiency, and user satisfaction achieved with both search
systems were analysed as dependent variables. The independent variables
were the interface type, ranking type, and also the interface preference. This
was included as the qualitative analysis indicated this is an important variable.
Models were constructed in the form of dependent variable ~ interface type
* ranking_type * interface_preference, with the dependent variable being the
task completion rate, time spent, or SUS score. During six tasks the participants
started the timer and then delayed starting the task, as they had a question to
the observer. This inflated the starting time between the starting the task and
the first query. To correct for this, these false starting times were substituted
with the participant’s average starting time.

4.8.1 Effectiveness

An overview of how many of the tasks had correct results are shown in the violin
plotin Figure 17, with supplementary effectiveness metrics available in appendix
E. A logistic regression tested for significant differences in the task completion
rate. Interface type had a significant effect on the task completion rate (p = .044,
log odds ratio = -2.25), as the comprehensive overviews in the candidate-centric
interface lead to better task completion rates.

There was weak evidence of aninteraction effect between the interface type
and ranking type (p =.068, log odds ratio =-2.73). The candidate-centric interface
performed well when there were many relevant documents per candidate (i.e.,
with the candidate-centric ranking) but worse when a search result included one
highly relevant document as well as slightly relevant or irrelevant documents
(as produced by the document-centric ranking). Participants may have ignored
relevant authors when they also saw irrelevant documents.

Showing multiple documents per candidate reduces the variance in correct
task completion (the distributions in Figure 17 are less tall). The candidate-centric
interface appears to provide a more stable signal of a candidate’s expertise,
although this does not necessarily translate to more correctly completed tasks.
This may be because some tasks may require a person with in-depth expertise
on a topic (as evidenced by many relevant documents), whereas others require
someone with experience in a very specific project (as recorded in specific
documents). Further work is necessary to understand when and how conflicting
information should be shown.

No significant effects were observed for the ranking type (p = .17, log odds
ratio = -1.67) or other factors. The log odds ratio is greater for the interface
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type than for the ranking type, indicating that the interface type plays a more
significant role in task completion.

Figure 17. Violin plot showing the distribution of the correctly completed tasks. The ratio
(i.e. correct tasks / total tasks) is shown per participant. For each violin plot the outliers
and the median are marked.

4.8.2 Efficiency

An overview of how quickly tasks were performed is shown in the violin plot
Figure 18, with additional efficiency metrics available in appendix E. An ANOVA
tested for significant differences in the time to task completion. To prepare
the data for analysis, we addressed a positive skew in the model residuals.
The task completion times were transformed using the function log|10(time).
Afterwards, the task completion times no longer violated the normality and
variance assumptions of the ANOVA test. The normality assumption was tested
using Shapiro’s test, which yielded a non-significant result (F(3, 140) = 0.99, p
=.32). The variance assumption was assessed using Levene’s test on the task
completion times, which also resulted in a non-significant finding (F(3, 140) =
.19, p =.31).

The ANOVA indicated a significant effect of the ranking type on task
completion times (F(3, 140) = 4.63, p = .033, 175 = .035), as the document-centric
ranking lead to faster completion times. This could be attributed to finding
the most relevant pieces of information, leading to more confidence during
relevance assessments. This is consistent with previous research showing that
document-centric rankings tend to produce more optimal rankings [86], because
if the top results include more promising candidates, it can lead to quicker
task completion. There is weak evidence indicating that the candidate-centric
interface type slows down task completion (F(3, 140) = 2.80, p = .096, i = .022).
This could be attributed to the presence of more information that users need to
parse and evaluate, potentially leading to longer completion times.
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Figure 18. Violin plot showing the distribution of how many minutes each task took. For
each violin plot the outliers and the median are marked.

There is also a significant interaction effect between the interface type, ranking
type and user’s interface preference (F(3, 140) = 9.08, p =.0031, 1; = .06). This
shows that users who prefer different interfaces also need different systems to
search as quickly as they can. It might be that interface preference indicates
which interface aligns with a user’s search strategy, although future work is
necessary to understand why. For example, users who want an overview of a
candidate might be slower in the document-centric interface if they are looking
for multiple documents by the same author. Another explanation for the same
finding could be that users lose time if users lose time translating the problem
‘'who do I need’ to the problem 'what kind of documents would this person write’.
With more exposure to the system, this individual effect may reduce as users
learn to employ the most effective search strategies. Hence we also consider
the (non-significant) completion times of different interface and ranking types.

4.8.3 User satisfaction

The average user satisfaction as measured by the SUS was similar for all systems.
An ANOVA found no significant difference on the user responses based on
the interface type (F(3, 15) = 0.047, p = .82, 175 = .00037), and no evidence for
an effect of the ranking type (F(3, 15) = 1.02, p = .31, 1Ji = .0080). Descriptive
statistics per system are available in appendix E. Users who prefer the candidate-
centric interface did provide significantly higher SUS scores (F(3, 15) = 17.7, p
=.000048, 1 = .12). The reason for this finding remains unclear. One possible
explanation is that users who favour a comprehensive overview might feel more
at ease with tasks that involve assessing the overall relevance of a candidate in
general.

Additionally, there was a significant interaction effect between the user’s
interface preference and the ranking type on the SUS scores (F(3, 15) =13.16,p =
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.00041, 17 = .094). Users who favoured the candidate-centric interface provided
the highest scores for systems with the document-centric ranking, although
the reason behind this remains unclear. This may be because it finds the most
relevant pieces of evidence (documents). No further significant effects were
found.

4.9 Discussion

Generalisability of the best ranking type and interface type can be expected at
other organisations where 1) novice colleagues need the expertise of colleagues,
2) those expert colleagues document (the outcome of) their work in a shared
content system, and 3) the users seek a similar type of expertise as the policy
workers at the municipality of Utrecht. Our search tasks (as listed in Appendix
D) seek expertise from someone with declarative knowledge (‘what is it’),
whereas other search tasks might require procedural knowledge (‘how to do it’)
[73]. Future work should investigate different types of expertise, and whether
searching for different types of expertise requires different types of support.

Itis unclear whether current findings with novice users generalise situations
where expert users need to find other experts. Although experienced employees
are more likely to already ‘know their way around’ and find experts through
e.g. their network [138], it would be interesting to see when they do struggle
with expert search tasks, and whether they execute these differently. We also
note that the novice users in our experiment did not make mention of whether
candidate experts were still experts, or perhaps were experts in the past. We
expect that experienced users would place more emphasis on finding people
with recent expertise. Further work could also investigate the effect of how
much experience the users have in searching (for expertise) on the preferable
interface and ranking.

Limitations of analysis include that our study did not control for the type of
retrieval unit and the complexity of retrieval units separately. Future work could
change not only the order of the two panels, but also the number of documents
shown per search result. Additionally, a post-experiment power analysis
revealed that the ANOVA for efficiency was underpowered. Consequently, the
analysis might have missed significant effects, and the effect sizes in statistical
tests could be overestimated. This occurred because the initial findings showed
a considerably lower variance in task completion time than the full dataset (0.53
minutes instead of 2.02 minutes). To achieve a power of 0.95 for interaction
effects with variance we find now, the study would require a sample size of 290
participants.

User interface preferences of individuals were associated with two factors,
although it is unclear what causes these preferences. This may be due to
differences in cognitive styles that affect the processing of information [124] and
search strategies [9, 99]. Holistic individuals, for example, tend to focus on the
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big picture and may be more inclined to prefer the comprehensive overview
provided by the candidate-centric interface. Serialistic individuals, on the other
hand, tend to approach tasks analytically in individual steps. In this study we
measured the overall preferences of individuals, but we found no evidence that
users preferred different interfaces for different tasks (it would be found in Table
10). The preferable user interface likely depends on the task performed, and for
our set of expert search tasks user preferences appear to be stable. Future work
could investigate how a task needs to change to affect user interface preferences.

Combining the optimal ranking and interface types may be impossible, as we
found weak evidence of an interaction effects for effectiveness. In the tested
systems we need to choose between the (more effective) candidate-centric
interface or the (more efficient) document-centric ranking. We argue that,
when searching for an internal colleague, approaching the correct candidate is
more important, as approaching a person without expertise will lose time and
potentially incur a social cost in wasting someone’s time (RQ4). This argument
will not hold in other expert search contexts, as others settings include hiring
or selling to candidates. In these cases, the user might be more concerned
with identifying true positives regardless of whether their candidate wants to
be approached. This interaction effect likely followed from presenting search
results that included conflicting information (one highly relevant document and
additional slightly relevant documents). It may be possible to design an interface
that does has no interaction effect with the ranking function, allowing for a
combination of the strengths of finding highly relevant evidence (in the ranking)
while also concisely displaying an overview of the author (in the interface). A step
in this direction could be to show each document’s relevance in the interface.

Further observations include that there are less authors than documents (as
illustrated in Figure 1), and that presenting less search results in total might
be preferential, especially during high-recall tasks. A final consideration is
that expert search tasks can be directed at different types of expertise, such
as procedural knowledge (e.g. "how to do this’) or declarative knowledge (e.g.
‘what is this’) (see e.g. [74]). The current study focuses on the latter, and found
that a candidate-centric interface is better for finding declarative expertise.
Procedural tasks tend to have different relevance criteria that can be included in
the interface, such as first-hand experience [31, 33].

4.10 Conclusion

Presenting search results in interface as documents or as experts with an overall
expertise affects search behaviour. Similarly, the ranking of experts by individual
documents or their overall expertise affects whether the order of search results
is more effective. Our study compared two types of interfaces and two types of
ranking functions. The four combinations were evaluated using simulated tasks,
based on task performance and questionnaires.
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The document-centric interface presented documents as the retrieval
unit, with the author characterised in a secondary panel. This was compared
to a candidate-centric search result presentation where the retrieval unit
presented was a candidate, and where the secondary panel presented up to
three documents written by this author. A document-centric and a candidate-
centric ranking function were implemented by indexing and searching for results
at either document-level or candidate-level (the latter by appending all of an
author’s documents as a string).

A qualitative analysis found that users disagreed on which interface was
preferable. Two variables affected this preference: the perceived retrieval unit
and the complexity of the retrieval unit. Changing the retrieval unit affected how
participants searched, as they first assessed the relevance of the retrieval unit
in the left-hand panel and then used the right-hand panel as further evidence of
a result. Whereas some users preferred the simplicity of the a single document
per search result, others appreciated the overview given by the more complex
candidate-centric retrieval units. Although users may prefer different retrieval
units based on the users’ characteristics, we suggest to instead design retrieval
units that elicit desired search behaviour. The quantitative analysis investigates
which interface results in successful search behaviour.

As interface preference was related to the users’ search strategies it was
included in the quantitative analysis. 144 tasks were analyzed, performed by
eighteen participants, resulting in three main findings. The candidate-centric
interface leads to higher rates of correct task completion (p = .044, log odds
ratio = —-2.25). The document-centric ranking leads to faster task completion
(F(3, 140) = 4.63, p = .33, i = .035). Finally, there are significant interaction
effects between the type of interface, type of ranking and the user’s interface
preference.

The document-centric ranking is faster (RQ1), which may be because the
top results contained more relevant candidates. The candidate-centric interface
is more effective (RQ2), probably because it provides a more comprehensive
overview. There was weak evidence of an interaction effect between the
document type and ranking type for effectiveness, implying that it is not possible
to simply match the best interface type with the best ranking type (RQ3). Instead
there is a need to combine the strengths of both approaches. This would be a
system that retrieves evidence with a high precision (document-centric ranking)
and displays an overview of the expert (candidate-centric interface) that is not
too complex. When choosing between effectiveness and efficiency, we argue that
approaching appropriate candidates is arguably more important than finding
a candidate expert quickly. When working with internal colleagues both saves
time for the user and avoids a potential social cost (RQ4). The implications of this
study for designing (expert) search systems are 1) the perceived retrieval unit
and its complexity should be appropriate for the current task and user, which
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for expert search means that 2) users can be nodded towards a search strategy
where they thoroughly evaluate candidates by presenting thorough overviews of
experts, and 3) the presentation of search results appears more important than
the order of search results in terms of task completion. In conclusion, our study
resulted in a more effective, albeit less efficient, expert search system for the
municipality of Utrecht. Similar design choices may be expected to yield similar
results at other organisations where domain novice users search for colleagues
with expertise.

4.11 Chapter discussion

In this chapter, we designed an expert search engine based on the task
descriptions found in the previous chapter. We found that task performance was
more effective when search result presentation aligned to the retrieval unit that
users associated with the expert search task. This demonstrates how systems
can be improved based on a better understanding of the user’s task.

4.12 Chapter outcomes

We applied our research towards developing a prototype expert search engine
for the municipality, allowing users to find internal colleagues based on the
documents they have authored. This extends the functionality of the existing
expert search system (Wie-is-Wie), which relies solely on HR-data and short
biographic descriptions of expertise. While the Wie-is-Wie system excels at
finding experts once you know what you are looking for specifically (e.g. ‘who is
the manager in this area?’), the prototype expert search system also supports
non-specific questions (e.g. ‘who knows about the Uithoflijn?’). Future work
should focus on integrating the prototype system into the Wie-is-Wie system to
combine the strengths of both systems.
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Chapter 5 Reconstructing the decision-making
processes of a city council based on
references between documents

Councilmembers and policy workers need to understand the long-term processes
that led to council decisions. Gaining such an overview through a search engine
can be challenging, as searching a complex topic can result in an overwhelming
number of documents without showing how these documents are interrelated.

This study investigates how to create an overview of a decision-making
process, which may be integrated into a search engine. Interviews indicate
that policy workers consider documents relevant to the overview when both
the document and the proposal were created in response to the same council
decision document. We identify such provenance based on the co-citation of
documents and textual references between documents.

In an exploratory user study, policy workers were tasked with understanding
the development of policy proposals based on provided timelines. Their relevance
assessments showed that our approach nearly exclusively finds relevant
documents (a precision of 0.97). While the proposed approach identifies 91%
of references made in documents, it only finds an exact target document in 39%
of the total references. A further 52% of references finds a subset of documents
including the target. A human in the loop can aid in finding the exact documents,
and potentially add documents based on their domain expertise. The proposed
approach creates an overview of a city council’s decision making process on a
given topic with high precision, and could be applied to other domains oriented
around a similar decision-making process.

5.1 Chapter contribution

While identifying the tasks of knowledge workers at the municipality, we found
that some tasks are not centered around retrieving individual search results,
but rather on understanding how these results fit into the bigger picture (see
Chapter 2). We investigate how to structure and present information when
the user’s task is not merely to retrieve (a subset of) information (TRQ4). This
chapter demonstrates how an understanding of search tasks can result in
enhanced functionalities for search engines that extend beyond typical search
functionality.

The chapter is published as:

Schoegje, T., Hardman, L., De Vries, A., & Pieters, T. (2024, June). Reconstructing
the decision-making processes of a city council based on references between
documents. In Proceedings of the 25th Annual International Conference on Digital
Government Research (pp. 525-533). https://doi.org/10.1145/3657054.3657116
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5.2 Introduction

City council members create policies over multiple council meetings, building
upon the existing policies. Previous policies may have been created years ago,
by different council members. For instance, after deciding to construct a concert
hall it takes years to construct and find out that the sound leaks between its
music rooms. In this case, new council members first need to understand the
original construction plan. They could use search engines to find relevant
fragments of information (documents and meetings), but council members also
need to understand how these fragments fit together and see the bigger picture
[141]. Although doing this through searching individual documents would
eventually lead to a complete picture, council members need to make decisions
under external constraints such as time pressure [141]. Providing an overview of
council information is invaluable, as such constraints limit how much information
will people gather before making a decision [17] and could therefore lead to sub-
optimal decisions.

Civil servants recognise the need for an overview of information, and
therefore manually create timelines of complex policy proposals. The authors
of timelines have no guidelines on how to create such histories. In section
4 we show how these represent the best effort of an individual, but are
typically created with subjective inclusion criteria and are incomplete. Modern
technologies enable a digital transformation of how we plan, record and archive
the decision-making process of city council. This results in 94 more transparent
decisions and clearer accountability. In this paper we investigate how to generate
timelines that complement, and eventually may replace, the manual timelines.
Additionally, we investigate how to design an overview perspective (interface)
based on these timelines. Our research questions are:

MRQ How can we create timelines of policy information?

RQ1 Micro-level: What items should be included in the timeline?

RQ2 Macro-level: How should the timeline be structured?

RQ3 How can we algorithmically identify documents that should be
included?

RQ4 How should generated timelines replace manual timelines?

Drawing from informal interviews with the authors of manual timelines we
develop an approach to generate timelines. We use two strategies based on
extracting two types of links between documents. The first method identifies
during which meetings the same (near) duplicate documents are discussed (see
Figure 19). We interpret this as evidence that both documents are relevant in
the same context, as determined by the staff that prepares the council meetings.
The second method finds textual references in documents to other documents
and meetings (see Figure 20). We interpret this as evidence that the referenced
item is relevant for the current document, as determined by its author. In a user
study we evaluate whether these two methods yield timelines with relevant
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information, and explore what qualities make for a good overview of policy
information.

Figure 19. Plotting how document re-use can be used to generate timelines of council
proposals. This example shows how the council might vote on building a concert hall,
and how the light grey and dark grey documents can be used to link these meetings.

Figure 20. Plotting how temporal expressions can be used to find out which timelines
should be merged. This example shows how the council might first vote on the
construction of a concert hall, and later on a sound leak between the studios.

The main contribution of the paper is in characterising the need to generate
timelines for council members, and in proposing a solution. This starts in section
2 by introducing related literature and introduces the council information dataset
in section 3. Based on informal interviews, section 4 describes how experts
manually construct timelines. Then two approaches to generate timelines are
introduced (and combined) in section 5. In section 6 we present a user study
where users are tasked to understand the development of a policy proposal
based on a provided timeline. This study serves a dual purpose: to evaluate the
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relevance of documents selected by our method for a policy proposal, and to
establish guidelines for timeline creation. We found that documents should be
organised around their provenance (i.e. history), and that they are relevant to
a proposal when both have origins in the same council decision. The generated
timelines achieved a high precision (0.97) because the references between
documents reflect their provenance. This precision score reflects that we do
not need to account for weak links between documents, as references between
documents are only created when they are directly related, according to staff
with expertise.

The main limitation of our approach is that for ambiguous references we
find multiple candidate documents, rather than just the intended target. This
could be resolved in future work, or with a human in the loop. We conclude in
section 7 that other decision making processes that use shared meeting planners
may also benefit from provenance based timelines. An overview of a decision-
making process makes the decisions more transparent, explainable and useful.

Transparent decision-processes tend lead to better results [72] and clarify
who should be accountable for decisions. Making contextualised decision
information easily accessible also lowers barriers to involving citizens [107, 43].
These factors enable an open government [18] and the quality of information
available, which fosters trust [81, 92].

5.3 Related work

5.3.1 Timelines

To generate timelines we can adapt techniques from the recent survey by
Norambuena et al. [115]. They show works at three different levels of resolution:
sentence level, document level and cluster level. Techniques that model events
at document level are of interest to our setting, as council decisions are recorded
in official documents. An influential approach to map out the narrative threads
in a corpus is the metro maps approach [146, 145], which constructs maps of
interconnected narrative threads. Links between documents are based on the
similarity of documents, determined by identifying important words in the
corpus. Other approaches are based on extracting entities and/or events and then
temporally ordering them (e.g. [108, 88]). The structure of council information
enables two further approaches: following co-references and textual references
to older documents.

5.3.2 Co-reference approaches (approach 1)

When multiple council meetings discuss the same (near) duplicate document,
we can view this as one meeting referencing/building on an older meeting. Such
citation patterns have been analysed in the scientific literature (see e.g. [46]).
Timelines of policy proposals reason back in time (i.e. how did this political
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decision follow from the previous ones?), similar to the bibliographic coupling
approach for citation analysis.

Figure 21. An overview of the key concepts in provenance, adapted from Groth et al
[56]. In normal text, a council member example. In italics, a policy worker example.

A more comprehensive way to record references is to track the provenance of
documents. A provenance model was proposed that records the process of how
information artefacts are created, and from which information it was derived
[56]. Figure 21 gives an overview of the important concepts, with two examples:
the city council acts as an agent that performs the activity of making decisions,
and generates their decisions which are recorded in entities such as motions
and council proposals. These decisions lead to new activities performed by civil
servants (agents), and outcomes are reported in documents (entities) sent to
the council.

5.3.3 Identifying in-text references (approach 2)

Several approaches have used textual document references to identify how a
narrative developed [19, 157, 158], often relying on URLs. Textual references
can be less specific references, where multiple documents qualify (e.g. there are
multiple documents on that date). This can be resolved by finding the candidate
articles, and selecting the intended target based on further context (e.g. topic
similarity) [19]. When establishing links between documents using both co-
citation and in-text references, a graph is 98 formed where documents may be
linked despite being multiple steps removed. We can model the strength of a
link between documents by assigning a weight to the edges between documents
is, which allows us to account for how strongly documents are linked through
network analysis.

5.4 Dataset

The dataset is the public council information of the city of Utrecht in the
Netherlands. This dataset reflects the two active responsibilities of council
members: to shape new policies, and to oversee whether the municipality
properly executes those policies. These responsibilities are recorded and carried
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out during weekly council meetings. The structure of council information is
shown in Figure 22. During each meeting multiple items are discussed, typically
concerning a variety of topics. Meeting items have documents attached which
provide pertinent background information, as collected by council clerks.

Council documents are pdf files that come in various genres. The main ones
being council letters, motions, memos, decision histories and council proposals.
Council letters generally inform the council on upcoming matters. Motions are
discussion points prepared by council members. Memos update the council
on small matters. The manual decision histories were constructed by clerks for
complex political topics, when it was necessary to give council members a better
overview of the temporal context. The outcome of the policy making process is a
policy proposal. This type of document contains the policy that was decided, and
is voted on by the council. The dataset includes all data from 2013 (the origin of
this system) until 2022. There are 1648 meetings held between 2013 and 2023,
containing 15,314 agenda items and discussing 29,229 documents.

In addition, the municipality can send the council documents that are not
tied to an agenda item, but instead uploaded as ‘entries’. Each entry is a council
document that may have attachments. Whereas the council has staff that select
the documents attached to meetings, the entries originate from civil servants
writing to the council. The dataset contains 19,156 entries that contain 22,908
documents. Entries and meeting documents can overlap, when entries are re-
uploaded to discuss during a meeting item.

Figure 22. Documents are organised around meetings and around entries (documents
from civil servants). These sets overlap when entries are discussed during a meeting.

5.5 Manual timelines

The authors of manual timelines (and the authors of this paper) are not aware of
existing guidelines on constructing these timelines, and therefore create them at
their own discretion. Consequently there are differences in, for example, which
document genres the author includes (only council proposals, or perhaps also
council letters or motions). We conducted informal interviews with six civil (three
female, three male) servants who submitted a manual timeline to the council to
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see how and why they constructed their manual timeline. Two participants were
project managers who had delegated the creation of the timeline to a colleague
(30 min interviews). The remaining four were authors of the timelines (50 min
interviews) themselves. Authors worked in administrative roles, supporting
policy creation. All interviewees were mediors or seniors.

While every council proposal includes a brief overview of key decisions, for
complex topics the authors of manual timelines can decide to provide a more
comprehensive overview. This begins with the author’s domain knowledge
of key items, and is extended through search and asking colleagues for help.
Although the authors have expertise in supporting policy makers, they are
not necessarily domain experts. The reported inclusion criteria for items were
subjective, as authors 1) determine what is important enough to include, 2)
possess limited knowledge on what information exists and 3) may have ulterior
goals when creating a timeline. For instance, one interviewee created an
overly comprehensive document to emphasise how long the council had been
undecided about a topic.

A recurring theme was that authors reference important documents when
writing to the council. There are two types of references between documents: 1)
co-citation of documents within the meeting planner, created by clerks attaching
important documents to meetings, and 2) textual references in documents, used
when authors describe why they are writing the council.

In summary, manual timelines are created for diverse purposes, in multiple
formats and based on subjective inclusion criteria. Consequently, these do not
reflect an objective or complete perspective. An algorithmic approach presents
a more scalable alternative, capable of mitigating subjective factors.

5.6 Implementation
Our approach to generate timelines is based on the two types of links between
documents. Both types are combined for a more comprehensive timeline.

The overall approach is to interpret each agenda-item and entry as a
separate timeline, and progressively combine timelines. First we merge timelines
where the same document is cited, by grouping timelines with (near) duplicate
documents (approach 1). Then we identify the textual references between
documents, and merge timelines that refer to each other (approach 2). Finally,
we sort the timeline based on the meeting date (for agenda item) or upload date
(for entries).

The source code we created for this project is available at github.com/
UtrechtUniversity/ expertsearch, and the dataset can be accessed through zoek.
openraadsinformatie. nl (last accessed 11-9-2021).
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5.6.1 Re-use of (near) duplicates

Co-citation of documents is found by identifying agenda items and entries
containing (near) duplicate documents. Duplicate detection is performed by
finding documents with the same filename and/or the same display name in the
metadata fields. For this set of documents it was ensured that all documents
have a similar filesize, defined as not deviating by more than 5% from the average
filesize in the set. This resulted in 43507 unique documents. Before grouping,
filenames and display names were normalised by removing file extensions and
any trailing white spaces. The requirement for similar file sizes prevented cases
where a generic filename (e.g. ‘Proposal.pdf’) refers to completely different
documents.

Figure 23. The resulting timeline as shown in the 'U-reka’ search engine for council
members (ureka.utrecht.nl/app/). All Dutch text was translated through Google translate.

The algorithm models each agenda item as a small timeline, and for each (near)
duplicate document a new timeline is created that merges all timelines that
co-cite it. If the original timeline contained multiple duplicates, then the same
timeline will be merged into multiple new timelines. Therefore an iterative
process is started to identify and merge timelines that contain new duplicates.
This yielded 3,006 timelines that are especially strong at showing the history of
individual policy proposals, including the weekly meetings and documents.

5.6.2 Textual references
Figure 24 shows the processing pipeline for textual references. There are three
types of textual references, which we define and extract as follows:

References by ID are very specific, and refer to a unique document. ID extraction
is done by detecting hyperlinks in the text using pdfminer in python [148]. The
contents of the URL indicate what type of meeting or document is referenced,
as well as its unique ID.

References by title are less specific, as documents may share titles or have
nondescriptive and generic titles. Title extraction is performed using regular
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expressions to identify text strings enclosed with quotation marks (e.g.”” ‘). As
document titles were usually shorted, we tested if each string is a substring of
an existing document title.

Figure 24. The processing pipeline for textual references to documents and meetings.

References by date are the least specific, as sets of documents are typically
submitted as a batch on the same date. Additionally, it is ambiguous whether a
date refers to a document or a meeting. Dates were extracted using HeidelTime
[151]. Relative expressions such as'yesterday’ were normalized to the document’s
upload date. Because documents are uploaded in batches, the exact target is
typically ambiguous. Additionally, it can be unclear whether a date refers to a
document or a meeting.

Ambiguous references (e.g. multiple documents are uploaded on the
same date, or share the same title) are disambiguated to the target document
using other references within the same sentence. We ignore references that
we cannot disambiguate to a single target to maintain a high precision (rate of
true positives) in our timelines. This increases user trust, and it prevents the co-
citation approach from including irrelevant documents.

The resulting timelines typically show the progression between council
decisions, on a time-scale of months to years. The textual references allowed
us to merge the 3,006 timelines found through co-citation into 2,751 timelines.
There is an overlap in the links found by both types of references, but the co-
citation approachis particularly adept at finding short-term connections whereas
the textual references are better at finding long-term connections. On average
the timelines consist of 4.55 agenda items and entries, spanning a period of 12.5
months. Two outliers spanned 64 months and 32 months. Two others spanned
less than 1 month.
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Table 11. How many unique references were annotated, how many we were able to
extract, and how many we were able to disambiguate to a single target document.

By ID By date By date
Total 100% (45) 100% (46) 100% (46)
Extracted 100% (45) 93% (43) 80% (37)
Disambiguated 82% (37) 22% (10) 9% (4)

5.7 Technical evaluation: identifying references

We evaluate what proportion of in-text references we successfully extracted
from documents, and how many of these we disambiguated successfully. We
annotated all textual references in ten randomly chosen manually constructed
timelines (as other document genres contained fewer references). These
annotations were compared to the extracted references.

Table 11 shows that we successfully extracted on average 91% of
references from the documents, but that we were only able to disambiguate
39% of references to an exact document. References by URL were identified and
trivially disambiguated, but a part of these include dead links (to pages no longer
in the dataset) or link to pages outside of the dataset. References by date and
title often refer to a subset of documents, including the target document. In
the following user study we investigate whether the references that we found
resulted in relevant documents.

5.8 Qualitative evaluation and exploration

We performed an exploratory study with a dual purpose: to investigate the
qualities of a useful overview of policy information, and to assess whether the
documents found by the proposed approach are relevant.

During interactive sessions users were provided with a timeline and tasked
to understand what led to a policy proposal. They also assessed the relevance
of each document in the timeline. Each timeline consisted of a chronologically
ordered list of entries and agenda items.

Participants were presented different types of timelines to investigate
the qualities of both manual and generated timelines. For four proposals, the
timelines were created by combining the manual and generated timeline. One
further proposal only consisted of generated items and the last one of only
manually selected items. To investigate inter-rater agreement, four participants
were assigned identical tasks to previous participants. These timelines were
between 6-12 items long (8.5 on average), with one outlier containing only 4
items.

Participants and tasks
As council members were unavailable, we invited policy workers. These are

domain experts who work with council information (for more detail, see Schoegje
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etal.[139]). Ten policy workers (six female, four male) were invited to participate.
Four participants had over five years of experience, three had between five and
one years, and three had less than a year. Nine of these sessions were conducted
in person, and one over Microsoft Teams.

Participants were invited for an interactive session (30-45 minutes) where
they were tasked to use a timeline to understand what led to a policy proposal.
Six policy proposals were selected, each accompanied with a timeline. The
proposals were randomly selected, although one proposal was replaced with
another, because its timeline was too large to discuss during a single session.

Procedure

After introductions and securing informed consent, participants were directed to
read the policy proposal prepared on the screen. Participants first explained to
the interviewer what the proposal was about, and then chronologically started
reading the documents in the timeline. Per document, the participant was first
asked to clarify its contents, and what happened in between this document
and its predecessor. They were asked whether the document was relevant, and
whether it was useful for understanding the policy proposal (both on a three-
point scale). They were asked to give reasons for these assessments.

Table 12. Summary of the main themes and findings in the qualitative study

Theme Main findings
Inclusion Structure timelines around tracing document provenance Correct
criteria provenance leads to relevant and useful documents The proposed

method finds documents from the correct provenance

Completeness & | Include a view on only decisions and a view that includes the steps in
conciseness between decisions

Overview Layered view with both decisions and decision provenance perspective
perspective Show how timelines intersect and interrelate Overview perspective
aids in understanding big picture Overview perspective aids in finding
holes/curiosities in big picture Avoid query rephrasing challenges of
drifting key words

Comparing No qualitative differences found between generated and manual
timelines timelines

Within this structure, the interviewer would allow room to discuss themes
and questions that arose. In the early interviews, these themes were primarily
about individual documents and what made them relevant or useful. In later
interviews, discussions shifted about the timeline and policy-making process as
a whole, including themes about completeness and conciseness.

Analysis

All interview responses were analyzed with a thematic analysis, by grouping
responses based on recurring themes. In multiple iterations the themes were
refined to be more descriptive and better reflect the participant responses.
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5.8.1 Results

Three main themes emerged: inclusion criteria; completeness and conciseness;
and overview perspective. These themes and the main points are briefly
summarized in Table 12.

Inclusion criteria [RQ1]: In this setting it was not important to find whether a
document was relevant to the topic or useful to the task. Instead, a document
should be included in the timeline if both the document and the associated
policy proposal can trace their provenance (as introduced in section 2.2) from
the same council decision. This provenance is not explicitly tracked, but it is of
such importance that authors of council documents are consistent (and trained)
in referencing to previous decisions and documents. Documents typically state
why the council has to read them. The importance of council decisions in
particular were reflected in every interview, as shown e.g. when P3 stated “[this
document] is important because the council apparently has thoughts about this”.
P5 termed the document types which contain council decisions as “milestone
documents”, and references to these milestones when persuading other civil
servants to take their requests seriously (e.g. in emails).

Participant P4 illustrated the importance of provenance over relevance,
stating that “Sometimes the council asks questions about a different topic”. In
these cases “There can be a whole [internal] discussion on [which civil servant]
should address that question, but we don’t want to record that”. Such semi-
related documents need to be included “in the same package”, to keep track
of “who is responsible for it”. P9 was reluctant to use relevance as an organising
principle as “[something] can be relevant, but it’s a side issue”, and “there comes
a point where everything is relevant to everything”.

Participants rated nearly all documents found by our approach as relevant,
and no difference between any document’s relevance or usefulness. The only
documents that were not relevant were 1) a single entry that was incorrectly
included because the duplicate detection malfunctioned (and the co-citation
approach included an non-duplicate document), and 2) a few agenda items
during administrative meetings. These administrative meetings should not be
included in the timeline, because these same items were discussed during a
separate meeting later that week. After excluding this type of meeting from
the generated timelines, 97% of timeline items were found to be relevant. This
precision score reflects that we do not need to account for weak links between
documents, as references between documents are only created when they are
directly related, according to staff with expertise. Participants always agreed in
their assessments of items, with the exception of P5. P5 only considered council
decisions as relevant, and other documents (those of an informative nature) as
semi-relevant. All participants gave input around this theme.
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Figure 25. Example of how an interface can show information in two layers. The main
decisions are initially shown, and the user can click the small circle with a '+ symbol
to expand the view. The expanded view also shows the sub-steps within that decision
making process. This second layer of information shows the provenance of decisions and
documents.

Completeness and conciseness [RQ2]: Participants noted both the importance
of conciseness (P6: “Less is better”) and completeness (P4: “Maybe I'm too
careful, but | want the complete picture”). P5 described how these relate:
“There is information at two ranks. Decisions are at the first rank ... informing
[documents are] at the second rank”. They suggested a layered overview, which
initially shows a timeline of the decision layer, which can be expanded to also
show a provenance layer by toggling a button. The decision layer displays the
main items, and expanding the provenance layer displays the sub-steps. This
is illustrated in Figure 25 The decision layer encompasses the decisions made
by the council, as recorded in motions, policy proposals, formal questions
to alderpeople and formal promises by alderpeople. These result in duties
and activities from municipal staff, which in turn lead to documents whose
provenance is displayed in the provenance layer.

P5 suggested that the decision layer should support people who “primarily
need to know what the council decided, and the current state of affairs”. As such,
the decision layer should include which decisions have been resolved, and the
latest information on those unresolved. P5 noted that such information also
serves as a form of accountability, where the staff shows “we haven’t been idle”.
Note that ‘latest information’ refers to the latest official document sent to the
council, as more recent working documents “are usually not ready yet to show
[to the council]” (P10). Conversely, the provenance layer is more comprehensive,
providing background information and showing how individual decisions were
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made. P10 noted the history of individual decisions can be important “when
something seems awkward” about them. All participants had responses about
this theme.

Overview perspective: Although some decisions follow a linear process, P8
highlighted that “sometimes multiple [time]lines converge, and | can’t see if
[these documents] are in the same line”. Therefore, overviews should display the
different lines, and how they interrelate (akin to the metro maps timelines [145]).
P6 shared their experience tracing document references without an overview
perspective, noting that “[they] couldn’t see the forest for the trees”. P10 cited
an example where this approach took them 2-3 hours to understand what led
to a policy proposal. P7 appreciated that a timeline draws attention to time gaps
between documents, which they considered important clues that “something
might be missing” and could prompt further investigation. P4 commended on
the robustness of the timeline against changes in the keywords in documents,
highlighting an example when “the building changed names” which would be
less obvious when searching by keywords. Seven participants had responses
about this theme.

Comparing types of timelines: No obvious differences emerged between
participants who used different types of timeline (manual, generated, combined).

5.8.2 Discussion
We reflect upon the practical implications, and then the theoretical implications
of the study. We find two themes with regards to practical implications:

How to structure council decisions: The importance of provenance explains why
authors of council documents are consistent in referencing past documents in
the text of their documents. This practice ensures that we can generate timelines
based on references to documents (RQ3). Although previous work typically
generated timelines based on document similarity, our approach can leverage
the provenance information 109 that is provided explicitly in the council’s
work processes. The importance of provenance in this setting suggests that
similarity based approaches are less appropriate for decision-making processes.
Provenance ties into the main responsibilities of council members: shaping
policies that generate the municipality’s activities, and overseeing the execution
of those activities. Hence a timeline should be presented as an overview with
two layers: a decision layer that conveys these two things (decisions and current
state of activities), and a provenance layer which includes more comprehensive
information.

Investigating decision-making: To quantify the value of an overview perspective,
future work could investigate how much information is available at the moment
of making a decision (with or without the overview), and how the availability of
information affected the decisions that were made. The establishment of reliable
overviews of council decisions also facilitates further research on the nature of
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those decisions. For instance on identifying critical decision moments [34], and
whether these moments are more likely to arise when the topic is discussed in
information sources like the news.

With regards to the theoretical implications, we reflect:

Generalisation: The proposed method depends on the process of how decisions
are made, as well as how they are recorded and archived. The decision-making
process is similar for many governmental organisations at the municipal and (sub)
national level in the Netherlands, although smaller organisations may record
these in less detail as they have less administrative staff available. The approach
likely generalises to many (Dutch) governmental organisations, especially as
most municipalities in the country use the same two meeting planner systems
and hence already structure their data similarly.

The method itself is domain-agnostic, and could be adapted for similar
decision-making processes at other organisations. Potential future work could
investigate whether this approach could be adapted broadly, specifically for
use in organisations that have integrated software for their email, calendar and
content management (e.g. organisations using SharePoint). Although these
processes will be less structured and recorded less accurately, a timeline might
still be a useful way to organise and revisit information.

Limitations: Although our approach achieved a high precision in retrieving
relevant documents (97%), it is only an explorative step towards generating
overviews of policy information. The main limitation is that, although 91% of
references are extracted from the text, only 39% of total references find exact
matches. Future work should improve the detection of true positives, both in the
reference disambiguation (e.g. using the domains given in document metadata),
and in the duplicate detection. One approach to disambiguate references and
identify missing documents is to involve a domain expert in the loop (RQ4).

As the domain experts reference the most vital documents known to their
expertise, we assume that our timelines cover the most important moments
towards a decision. Future work could include documents that did not directly
lead to a given council decision, but might still include contextual information.
Improving the recall of these timelines could be done by first generating high-
precision timelines, and using these documents as the basis for content-based
recommendations. A domain expert could prepare a timeline for council
members by first disambiguating references, and then expanding the timelines
based on recommendations.

A limitation of the experimental setup is that each user only used one
timeline. Although no obvious differences between the manual and generated
timelines emerged, properly investigating these differences would require a
comparative study.
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Finally we wish to highlight the limited number of participants in the study
(n = 10). Although this is a useful sample size for an iterative design process,
later stages in this research direction will require studies with a larger participant
pool to quantify how such an overview aids in task performance compared to
searching individual documents.

5.9 Conclusion

Understanding the decision-making process of a city council necessitates
an understanding how council documents are interrelated. In this paper we
considered how a digital transformation of how we plan, record and archive the
decision-making process of city council can result in more transparent decisions
and clearer accountability. Specifically, we (re)constructed the timelines of the
policy-making process from the existing council information. As an informal
user study indicated that authors of policy documents consistently reference
important documents, we proposed an approach to generate timelines based
on two types of references between documents: document co-citation during
meetings and textual references within council documents. We generated
timelines of individual policy proposals by identifying meetings that discussed
the same documents. Timelines of how policy proposals extend one another
were identified by examining textual references between documents.

Auser study with policy workers investigated both 1) guidelines for designing
an overview interface and 2) whether the generated timelines included relevant
documents. Experts considered documents relevant if the document and council
decision both result from the same council decision (RQ1). Such provenance
is recorded through references between documents. Policy workers need to
see timelines from an overview perspective that balances conciseness with
completeness by providing a decision layer and a comprehensive provenance
layer (RQ2).

Creating an overview based on references between documents nearly
exclusively vyields relevant documents, with a precision of 97% (RQ3). The
main limitation is that our approach identified the exact target document for
only 39% of textual references. A further 52% of the references is ambiguous,
finding a subset of documents. Although future work can enhance this aspect by
extracting more context around references, we recommend involving a domain
expert in the loop to select the exact matches and identify if further missing
documents (RQ4).

A practical application of this work is to include overviews of council
information in the municipality’s search engine, such that users can click
individual search results to view that document in the context of a larger decision
history. This presents a step towards better supporting council decision making,
by making pertinent information more accessible. The method we proposed
generates timelines of a local government’s decision-making process with high

97



Chapter 5

precision. As other municipalities in the Netherlands use a similar decision-
making process and similar software to plan and archive their meetings, we
expect that our functionality can be adapted to those organisations with minimal
adjustments.

5.10 Chapter discussion

Although council members initially requested improved search functionality to
satisfy their complex information seeking needs, our task analysis indicated that
the underlying user need was to gain an overview of political dossiers. Hence, this
chapter focused on developing an overview perspective rather than developing
traditional search functionality. This illustrates how a task-based approach can
identify the underlying problem, rather than merely improving the existing
functionality. The resulting technical solution was straightforward, involving the
use of implicit meta-information in the council documents to reconstruct the
decision histories of council decisions (TRQ4).

5.11 Chapter outcomes

We applied our approach to creating an overview perspective of the decision-
making process. This overview enables council members to understand how
the previous city council made decisions, helping new council members to build
upon those decisions more effectively. To provide this overview perspective, we
initially analysed the dataset to identify which council documents and council
meetings belonged to the same decision-making process. This functionality has
been integrated into the search engine presented in chapter 2. Users of that
system can search as usual, but can also click search results to get a secondary
view. On this view the individual search result is placed in the context of the its
associated decision-making process.

98



Chapter 6 Conclusion and Discussion

In the preceding chapters, we addressed the problem that generic search
functionality does not sufficiently support the diverse information needs
of council members and policy workers at the municipality of Utrecht. We
investigated when and how to develop specialised search functionality by
characterising the users’ tasks and then designing the functionality for the tasks
that were not supported well.

We focused on municipal knowledge workers, as they have complex and
specific tasks. Designing task-based support requires that we address multiple
Thesis Research Questions, starting with:

TRQ1 How can we characterise the tasks of municipal knowledge
workers for the purpose of developing (domain-)specific search
functionality?

To answer this, we conducted interviews with council members from the
municipality of Utrecht across two studies, identifying the most common work
tasks and search tasks (Section 2.6). We validated these findings with a third
study conducted at the municipality of Hollands Kroon. By coding the task
descriptions, we identified five task facets that can be used to characterise these
search tasks: the task objective, topic aspect, information source, retrieval unit,
and task specificity (Section 2.5). This approach can be viewed as an extension
of the faceted task model [94] for the purpose of designing task-based support,
where task facets inform what information should be indexed (information
source); ranked (task specificity, topic aspect); and presented (retrieval unit).
To demonstrate this, the task characterisation was used to informally develop a
search engine for council information (Section 2.7). This is an initial step towards
task-based design, where further work may be able to specify tasks in more
detail and therefore yield more concrete design implications.

As it became possible to support any individual search task, it became clear
that it is expensive and not scalable to design functionality around every task
performed in an organisation. In addition, there are many tasks that only require
generic search functionality (e.g. ‘look up a known document’). This raises the
following question:

TRQ2 How can we determine which search tasks of municipal
knowledge workers warrant the development of specialised search
functionality?

We characterised the tasks of policy workers through interviews, and then
proposed functionality to improve both their simple and their complex web
search tasks (Section 3.4). Tasks that warrant specialised support can be identified
based on their importance, frequency, complexity and the level of frustration
that they cause. To determine whether a task is sufficiently supported, we
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compare it to the available functionality. For instance, we discovered that the
simple web-based search tasks of policy workers were unnecessarily frustrating
and complex, as search results by authoritative sources are drowned out by
search results from unverified sources. By filtering out such results, we reduced
task complexity and sped up task performance (Section 3.7). When sixteen policy
workers performed 61 simulated simple web-based search tasks, they were 1.7
times faster on average.

Reducing task complexity was an important theme. We found that policy
workers tend to morph their complex web-based tasks into tasks seeking help
from colleagues with expertise. When the same policy workers performed
31 complex web-based tasks, only 33% of them solved the task on their own,
whereas the rest preferred to find an expert for assistance. Once we can identify
which tasks require support, the next question becomes:

TRQ3 How can we design specialised search functionality for municipal
knowledge workers around a faceted description of their search tasks?

We found that the type of functionality we can design to support a task depends
on the level of abstraction from which we view the task. For example, in our
studies with different knowledge workers, users discussed expert search tasks
(searching for people with expertise) as a single broad category (see Sections 2.6
and 3.4). Consequently, we designed the search functionality around a common
aspect between these expert search tasks: presenting search results around
people as a retrieval unit as opposed to presenting documents.

As a use case, we developed support for the expert search tasks we
identified in the previous studies. In the pre-existing expert search system, users
could only look up people when they were looking for very specific criteria (e.g.
a name or job description). Recognising that expert search tasks often have
amorphous needs, we developed a prototype search engine that allows users to
search for people based on the documents they have authored. Design decisions
were based on the previously identified task facets, and a major design decision
was experimentally validated: whether to rank and present documents or people
as search results. We confirmed that a people-centric presentation of expert
search results helped policy workers perform expert search more effectively
than a document-centric presentation (Section 4.8). When twenty domain
novices performed simulated expert search tasks, statistical analysis found that
they completed more tasks correctly when using the people-centric interface.

The specificity of the task descriptions affects the type of functionality that
can be designed. In some domains, users have different (sub)types of expert
search tasks. While some expert search tasks require very specific expertise
(e.g. finding a person knowledgeable about a specific aspect of a topic), other
tasks may require more general expertise (e.g. finding a person who can provide
broad advice on a topic). The ranking and presentation of search results can be
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adjusted to reflect the needs of the users in their current task. By refining our
understanding of the users’ tasks, we can design more tailored support.

Although this method helped us design search functionality and improve
the result page, municipal knowledge workers also have search tasks which
do not revolve around retrieving a specific subset of relevant information.
For example, users may have longer and more complicated interactions with
information when they are learning about a topic. This raises questions on how
to support search tasks where the goal is not the retrieval of (a pre-definable
subset of) information. To address this, we explore how to provide task-based
support for these tasks we investigate one such use-case:

TRQ4 How can we support council members in their task to obtain
an overview perspective of how individual (council) documents are
linked?

We explored how to support council members in understanding the decision-
making processes of previous city councils. This necessitates an overview
perspective of the various steps during the process. To achieve this, we generated
timelines of the decision making process were generated based on implicit meta-
data in documents (Section 5.6). When ten experienced policy workers reviewed
these timelines, we found that 97% of documents included were relevant.

Subsequently, we derived design implications to allow users to view
documents in the context of the larger decision history (Section 5.8). Although
the task facets tell us 116 what information is sought, they do not specify how
to link and model the data, or how to present those results in the interface.
For traditional retrieval tasks, we can rely on established information retrieval
techniques to guide the design decisions. However, supporting less traditional
searchtasksis less straightforward. Therefore, an exploratory study was necessary
to bridge the gap between the task characterisation and design implications.

This use-case exemplified how to characterise council member tasks (TRQ1)
and identify tasks that require additional support (TRQ2). It demonstrated how
to design support around a task’s facets (TRQ3), even when this extends beyond
typical search functionality (TRQ4). With these insights, we are prepared to
address our Main Thesis Research Question:

MTRQ How can we design search functionality to support the search
tasks of municipal knowledge workers?

To borrow from the medical field: proper diagnosis precedes useful treatment.
Once we adequately understand the tasks of users it becomes possible to think
about tools that support those tasks. This lets the municipality move from
generic functionality towards supporting the needs of different user groups
(from one-search-for-all to targeted search applications in Figure 1), which
leads to more search satisfaction [47]. We can contextualise user goals by
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characterising the users’ tasks. We can identify which tasks do not have adequate
support by considering whether the available search functionality satisfies all of
a task’s facets. One can find which tasks warrant additional support by looking
at which tasks are the most important, frequent, frustrating and costly if they
fail. Specialised search functionality can be designed around the task facets that
are not adequately supported. Such support may extend beyond typical search
functionality, and include the linking and presenting of search results in different
ways.

6.1 Implications

Developing task-based search applications enables organisations to evolve
from generic search functionality towards specialised search functionality. This
is particularly beneficial in domain-specific search settings, where search tasks
tend to be more complex and specific. We found that a task-centric approach
allowed us to effectively link the user-centric perspective (objectives, intentions
and experience) to the system-centric (available information and functionality)
by connecting the two in concrete use cases.

By investigating the specific requirements of a search task, we could add
more detail to the information needs than we had previously found through a
purely user-centric approach (Section 2.4). This approach bridges the literature
on information seeking (often a user-centric perspective) closer towards
the practical purpose of developing search engines (often a system-centric
perspective).

As we focused on supporting tasks rather than the specific organisation,
we expect our results will generalise to other organisations where users
perform the same tasks. In particular, we confirmed that council members at
multiple municipalities in the Netherlands perform the same tasks (see Chapter
2). This implies that the proposed task-specific search functionality for Dutch
municipalities could be standardised. Further studies should confirm whether
the task taxonomy remains stable between different municipal user groups and
municipalities of varying sizes.

The same tasks we supported may exist in domains beyond municipal
search, to the extent that they can be characterised by the same task facets. In
such cases there will be significant overlap in the functional requirements of the
task, even if the specific implementation of functionality differs. Characterising
tasks in more detail will enable future work to design specialised search
functionality in a more modular way, that can be re-used in other domains.

6.2 Limitations

This work represents initial steps towards a design method for task-based search.
The primary limitation of our study is that our dual purpose—understanding
user tasks and developing functional search engines—necessitated an iterative
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and explorative approach. The number of iterations limited the number of
participants we could include in each study. Future iterations could refine the
proposed search functionality, and its impact on user effectiveness and efficiency
could be quantified with a larger participant pool.

Each chapter in this thesis has its limitations. In Chapter 2, the study did not
analyse the search engine we developed for council information, using it only as
an illustrative example. Chapter 3 tested improvements for simple and complex
web search tasks but did not evaluate the functionality to support complex web
search tasks fully. Our study indicated that users often get frustrated and switch
complex web search tasks to expert search tasks, but the details of this process
should be examined in a future study where users can switch to expert search
functionality.

Expert search was further investigated in Chapter 4, though we restricted
our scope to novice users. While these users benefit the most from expert search,
future work should test if similar findings hold for more experienced policy
workers and for expert search in other domains. Finally, Chapter 5 explored how
a timeline overview can be constructed and visualised but did not investigate its
impact on how council members perform tasks.

Many of these limitations stem from applying our research to developing
practical search engines with representative users rather than conducting
laboratory studies. The advantage of these user-focused studies is that we could
deliver qualitative findings and design systems that are useful for real users’
tasks. After reflecting on the limitations of our studies, we now turn to promising
future research directions.

6.3 Promising research directions

Research on task-based search holds significant potential to improve the
development of practical search applications. In this section, we introduce
several potential research directions and elaborate on the bolded ones in the
following subsections.

Research on task-based search can provide practitioners with guidelines
to translate abstract use cases into more concrete and practical information
requirements. However, this requires addressing a paradox inherent in creating
a generalised approach for specialised functionality. To create functionality
that generalises across domains, we must abstract beyond domain-specific
aspects. Yet, properly supporting domainspecific tasks necessitates developing
specialised functionality. Consequently, our field includes many studies that
either generalise across domains or are entirely specialised for specific situations.

Thereisopportunity forresearch that develops domain-specificfunctionality
in a generic way. This is a challenging direction, as design method claims can be
difficult to falsify, and individual case studies often lack generalisable evidence.
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Future work could survey previous studies on specialised functionality to analyse
how different types of tasks relate to different types of functionality.

A challenge in aggregating findings from different specialized settings is the
inconsistent descriptions of search tasks across studies. Some studies address
high-level, conceptual tasks oriented around users’ goals (e.g., "How was the
Uithoflijn constructed?”), while others focus on procedural and operational
tasks arising during those conceptual tasks (e.g., ”"When was the Uithoflijn in the
news, so | can filter council information by date?”). Developing a framework for
task abstraction could help researchers describe search tasks more precisely and
see how different studies relate.

Aggregating research on high-level search tasks could also yield insights
into recurring subtasks and how to support them, potentially leading to modular
search components for practical search engines. Instead of only surveying the
literature, another approach could involve inventorying tasks in a practical
domain, such as creating a taxonomy of municipal search tasks. By identifying
which tasks occur, how often they occur, and their importance, we can pinpoint
tasks needing further research. This may involve different sub-types of expertise
and various expert search tasks.

Identifying tasks in this manner will highlight new research directions,
revealing tasks that warrant new types of support. For example, presenting
search results in an organisational context, showing documents related to the
project that led to their creation, could be a valuable improvement.

We have identified future research directions in three main themes:
describing tasks, inventorying tasks, and supporting tasks. We now elaborate on
these research directions.

6.3.1 Describing tasks
There are aspects of tasks and task-based functionality which could be described
in more detail.

Surveying specialised functionality In our work we approached task-based
support from a user-centered perspective and moved towards designing
functionality. It would also be valuable to approach tasks from the other direction.
Current descriptions of task-based support are highly situation-specific, making
individual solutions difficult to re-use. However, a survey of specialised search
support may be able to identify recurring themes in functionality, and investigate
whether sub-types of functionality map on different task facets. Highlighting
recurring characteristics would close the gap between the domain-agnostic
literature on search tasks and specialised search functionality, as it would
elucidate how specific task-based support could be re-used in new settings.

Framework for task abstraction The academic literature has approached tasks
from multiple perspectives, and for different purposes (as illustrated in [22]),
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and are developing increasingly sophisticated ways to describe them (e.g. [28]).
As a result, there is a lot of variety in how papers describe tasks. Some tasks
are described at a very high and conceptual level (e.g. ‘exploratory search’),
whereas others are as specific as concrete search intents (e.g. ‘a query’). Future
work could develop a framework that describes different levels of abstraction
of a task. This would help disambiguate whether a paper is discussing a class
of search task (e.g. ‘exploratory search’), an instantiated user objective (e.g.
‘explorative literature search on topic x’), or an operational task that will spawn
in fulfilling that objective (e.g. ‘looking up a known item to find out when topic
x was relevant, letting you filter your search results on date’). An accurate way
to conceptualise tasks at different levels of abstraction would help academics be
more specific in how they describe and design task-based research.

Recurring sub-tasks There are recurring sub-tasks between tasks, especially
as tasks become more complex. This might be the case because tasks require
similar cognitive processes (e.g. synthesise information), or because they require
similar operational tasks (e.g. query reformulation). Although we focused on
tasks starting from high-level user goals, another avenue would consider the
lower level operational sub-tasks that recur between tasks (e.g. by supporting
note taking during complex tasks [32, 42]). Understanding how these tasks
recur may lead to different ways to support information seeking. For example,
supporting functionality could be integrated into the internet browser, such as
an interactive note-taking/data-analysis tool, or Al-based personal assistant. It
would also inform, for example, how users want to navigate between different
views in the interface (see e.g. [131], chapter 4).

6.3.2 inventory tasks
There are a few domains where an inventory of tasks would be particularly
valuable.

Taxonomy of (municipal) tasks We found that working with one target user
group at a time allowed us to design specific solutions, but that we were not able
to gain a broader perspective on what tasks are the priority within a (municipal)
organisation. Both practitioners and academics would benefit from an inventory
of tasks that accounts for how often they are performed and by whom, as well as
what kind of functionality is available to support these tasks. Such an overview
would enable the organisation to formulate a more targeted information strategy.
Practitioners could then quantify how often certain tasks are performed, how
much time is spent on them, and the cost of failing to complete them. This enables
them to roughly estimate an economic value of supporting those search tasks,
which is useful during conversations with project stakeholders (decision-makers
such as project managers or the problem owners). An overview of (municipal)
tasks would also provide academics a dataset to continue developing existing
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task taxonomies (e.g. [130, 104]). For example, by quantifying how much certain
task types occur and whether there are frequently co-occurring sub-tasks.

Sub-types of expert search In chapter 4 we found that policy workers tend to
have one class of expert search tasks, but future work could explore whether
expert search in other domains requires different sub-types of expert search as
well as different types of expertise.

6.3.3 Supporting tasks
Finally, we consider a particular task that would be worth investigating.

Search results in organisational context Although many search tasks target
specific information or documents, other tasks require an understanding
of how information fits into a larger context. Future work could expand the
method used in chapter 5, where we created an overview of council decisions
based on council documents. A similar approach could be applied to projects
in an organisation’s content management system (in Utrecht that would be
Sharepoint). Documents in this system are typically produced in the context of a
larger project, and it could be useful to view individual search results within the
context of those projects. To construct such overviews we could use a number of
signals, including the metadata of who accessed certain documents (and when),
the document file structure, and (co-citation and textual) references between
documents. A data model of project-context may also ‘clean up’ search results,
as it should be possible to, e.g., filter outdated versions of documents.

To navigate the wealth of research directions at the municipality we can
consider which opportunities provide the most practical value to the municipality.
To consider this practical aspect we now turn to some of our more practical
reflections and insights around developing search at the municipality of Utrecht.

6.4 Applying research to practice

We reflect on how to perform applied research within an operational
environment, and then share insights on the development on the search engines
at the municipality.

6.4.1 Reflections

During our studies, we aimed to bridge the gap between research and practice
by developing search engines for specific user groups. However, our approach
evolved throughout the course of the studies. In Chapters 2 and 3 of this thesis,
we prioritized aligning research objectives with the current stakeholder interests.
This introduced several challenges.

One challenge was that stakeholder interests shifted over time, necessitating
reactive adjustments in research focus, which made it difficult to plan research
activities effectively. Another challenge was that the practical requirements of
projects often threatened to expand the research scope: designing a complete
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search engine involves changing numerous variables simultaneously, making it
difficult to measure the effect of any individual variable when comparing the
new system to the old one.

This issue could be avoided by comparing multiple versions of the same
proposed system, but doing so would undermine our goal of measuring the
value of task-based search in a practical setting rather than in an unrealistic
’laboratory’ setting.

In Chapters 4 and 5, we established research projects with well-defined
scopes, focusing on poorly supported but important tasks identified in Chapters
2 and 3. By narrowing our research scope, we were unable to stay aligned with
the shifting interests of stakeholders, who focused on solving technical problems
and delivering products. Consequently, the research project lost visibility and
traction within the organisation.

Future projects may have more success at combining research and practice
if the research efforts are 1) separated from direct (often short-to-mid-term)
organisational interests, but still 2) aligned with highly stable organisational
interests. This approach allows the research to develop while ensuring continued
stakeholder investment.

Firstly, this type of research should be separated from short-to-mid-term
interests because its strengths lie in identifying product requirements and
extending a product based on unmet needs. It is less suited to developing a
minimum viable product, during which interests and priorities may shift.
Secondly, research should align with stable organisational interests to ensure
continued support. To identify such interests, it is useful to start from the core
business of the organisation.

The municipality’s main responsibilities are providing local services and
enacting local legislation. To identify research opportunities around information
retrieval, we can consider instances where the municipality struggles to fulfil
services that involve finding and providing information. For the municipality of
Utrecht, potential research opportunities might involve improving how they
handle information for WOB (Wet Openbaarheid van Bestuur) requests.®

Although expert search is arguably very useful for the municipality, it
indirectly contributes to the municipality’s main responsibilities. Building support
for search functionality that does not directly contribute to the organisation’s
core business would require an exceedingly robust information strategy from
the organisation. As we move towards discussing the practical lessons learned
about developing search functionality at Utrecht, we may consider elements of
such an information strategy.

6 These are analogous to FOIA (Freedom of Information Act) requests, in that they are requests that
oblige a governmental organisation to provide their records on a given topic.
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6.4.2 Practical insights

Throughout our studies we had a number of insights on how we can effectively
bring search engines to practice. In this section we introduce those insights, and
we elaborate on these (bolded) concepts in the following subsections.

Our insights reflect the main theme of thesis, where a better understanding
of user requirements translates to be more effective, efficient and satisfactory
search engines. This starts with inventorying the target user groups, their needs
and the available functionality in the organisation. This allows us to create a
unified information strategy. Once it is more clear which needs are unmet, it is
possible to plan a path towards satisfying those needs. To ensure that the needs
of users are being met, it may be beneficial to approach search vertically by
focusing on one user group at a time. As different user groups may have similar
tasks, this approach could focus on developing modular search functionality to
solve specific sub-tasks. This facilitates the Re-use of functionality. For example,
we identified a recurring need for people search between different groups of
municipal knowledge workers.

Translating an information strategy to practical systems is challenging,
and requires expertise as well as a good process. As an organisation that often
relies on the expertise of vendors, the municipality could consider how to build
the internal expertise necessary to operationalise an information strategy.
Empowering that expertise may involve approaching search as a process
rather than a short term project, where end users are involved and the team
is not afraid to fail often and fail quickly. It may be especially beneficial for the
development process to include safeguards where a party with expertise can
represent the project requirements independently from other (short-term)
organisational pressures.

This brief overview mentioned insights in three main themes: strategic,
technological, and developmental:

Strategic insights

Define a unified information strategy To develop a structured approach to
supporting the information needs at the municipality, we can formulate an
overall strategy to information and findability. The municipality has taken steps
into this direction, but could take further steps by accounting for factors across
five dimensions: the business, the users, the information, the organisation and
the technology [49]. This would involve a more detailed overview of concepts
such as:

e What user groups have different information needs (e.g. council members,
policy workers)?

e What information systems are available?

e Which search tasks does each user group need to perform?
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e What are the most prominent information-related complaints each user
group?

e Which information-management tools are available (e.g. software for
retrieval, classification, anonimisation)?

e Which information-related projects are ongoing (both current and previous)?
e What internal expertise is available around information management?

Quantifying how often certain tasks are performed and estimating the cost of
doing these inefficiently allows us to roughly estimate how much value would
be gained by supporting specialised support for that task (or the larger group
of users). The risk of not refining and communicating this strategy is that a lot
of effort will be shifted towards putting out fires in the short term, rather than
improving the information architecture in the long term.

Approach search vertically Once it is more clear what information requirements
need to be addressed, it is possible to create a more detailed plan to address
those needs. Findability can be improved vertically (focusing on one user group
at a time) or horizontally (focusing on one technology at a time). Focusing on
one user group at a time has two main benefits. Firstly, problems with the new
system will not affect all users in the organisation. Secondly, focusing on a more
specific target user group results in better addressing their requirements.

As support is developed for additional user groups, it will become evident
that some tasks are already supported by functionality developed for the first
user group. Hence the investment to support each user group is likely to diminish
over time.

Technological insights

Develop modular functionality Even though task-based search can be used to
design specialised functionality, we should not neglect the overlap between
similar tasks in different domains (e.g. exploring council information or exploring
the content management system). We should keep this in mind while in how we
implement functionality by designing components that can be re-used in new
contexts. For example, by disclosing information or search results via API’s, or
creating interfaces that can adapt to different types of input.

Re-use functionality The tasks performed by council members and policy
workers at the municipality of Utrecht are also performed at other public sector
organisations. As shown for council members in chapter 2, council members
at other municipalities in the Netherlands perform the same tasks and could
therefore benefit from the same functionality. The main difference would be
in how information has been recorded following slightly different processes,
which might require pre-processing when the data is ingested. A viable strategy
would therefore be to pool resources in a collaboration between governmental
organisations, to develop re-usable search functionality for those common
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processes. Such pooling of resources and expertise would benefit the individual
organisations by saving them time and money on redundant investments.

Develop people search Whenever we investigated the tasks of users, we found
that a around half of the tasks are completed by asking colleagues for assistance.
Similarly, recent studies found that around half of the queries in the SharePoint
of a large biotechnology company involved the names of people [104, 152].
People search can act as a backup for solving complex search tasks (see chapter
3), and can add more context and value to the information being found (see
chapters 3 and 4). Although the municipality’s existing system (Wie-is-Wie) is
good in cases where the user already knows which specific search terms will
be useful, future work could enable users to find people with expertise based
on the documents that those experts have authored, and the projects those
experts have contributed to.

Development insights

Build internal expertise strategically It can be difficult to build internal expertise
in a new area, as it can require a culture shift to leverage that expertise. For
example, in a company without internal technical expertise it makes sense to
shift the ownership of technical problems towards an external party (vendor
or consultant). As an organisation builds internal expertise, those experts
come into projects and processes which shift technical problems away from
them. The risk is that technical problems leave the organisation before the
expert can contribute, and then return once the expert missed their chance
to contribute. The organisation could view building expertise as a culture shift,
rather than as the process of hiring individuals. This could be approached by
recruiting experienced experts, who know how to claim ownership and space
within a project’s workflow. In addition to technical expertise, they may need
consultancy skills to get the project to a point where they can have an internal
discussion about the technical aspects. Specifically, they will need to ask the
right questions, and the ability to guide the project towards a new process.

Develop search as a process Achieving high search satisfaction is done by
approaching search as a process, not a project [169], and requires ongoing
investments in a dedicated search team [170]. As information management
has effects across organisational departments, it can be unclear where the
ownership and accountability end up. As a result, it can be challenging to ensure
sufficient resources are available to fundamentally address these challenges. It
can be useful to make someone accountable for doing this at the strategic level
[170].

Involve end users Many decision-makers will not have the time to understand
all technical aspects of their project, as they work towards multiple projects
in a bigger picture. Although decision-makers will know where the largest
bottlenecks are, they may not have time to investigate the cause. Therefore
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the focus for decision-makers can go towards high-level user stories or a focus
on technological solutions. Projects can benefit from understanding the user’s
problems at in more detail, to reduce the risk of not solving the underlying
problem. Projects can benefit from involve experts who can interview and
represent the end users’ needs.

Fail faster, fail more often During our studies we prioritised only developing
functionality once the user task was clear, and avoided projects where these
tasks were unclear. However, even projects that never provide value to end
users are useful as they provide perceived value, experience and visibility in the
organisation. This can be an approach towards asking the right questions.

Third party representing project requirements There is a risk during the
development of search systems that can be illustrated using a design thinking
perspective. Figure 26 shows the Stanford Design Thinking Process. Organisations
often have the knowledge and expertise necessary for the initial steps of this
process. However, they then contact vendors, who offer solutions and tend to
have expertise in the latter steps. While vendors possess significant technical
expertise, they often lack insight into the specific challenges faced by the
organisation. A critical risk arises at the Define step, where these two meet.

Figure 26. Overview of the steps in the design thinking process. Image adapted under
creative commons from the Interaction Design Foundation [38].

The organisation might not have the technical or domain expertise to identify
the underlying problems leading to a specific use case, whereas the vendor
is incentivised to show how their existing product can be adapted for any use
case presented. Without the right expertise involved, neither party is fully
empowered or incentivised to specify the project requirements in sufficient
detail. This increases the risk of developing a product that does not address the
underlying problem and will therefore need replacement in a few years.
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To resolve this, a third party could take ownership of representing the
project requirements and help connect the organisation and vendor. This could
be an internal or external consultant with relevant expertise—in the case of
search engines, this would involve skills in consultancy, information retrieval, and
user-centered design. This consultant may face challenges, as the organisation’s
stakeholders might already be thinking in terms of solutions and may be hesitant
to return to defining the problem. Ideally, the consultant would be involved
while the project is still centered around understanding the problem.

6.5 Final Thoughts

As new technologies continue to emerge and user tasks evolve, the goal remains
tosupportusersinachieving their tasks. The research we presented complements
emerging (Al-based) trends in literature that focus on providing increasingly
relevant information through learning to rank or generating information. New
technologies will only be useful if they solve user tasks, underscoring the
necessity for a method to characterise user tasks.

The strengths of task-based functionality lie in enabling users to 1) interact
with information in useful ways and 2) view information in a meaningful context,
both defined in relation to the users’ tasks. Supporting the tasks of knowledge
workers will help both researchers and practitioners design more effective
search functionality, both at municipalities and in other domains.
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Appendix A: Task-based term expansion (Supplementary chapter)

A.1 Chapter foreword

A crucial aspect of search engines is in properly ranking the search results,
but the chapters presented in this thesis did not provide much guidance on how
to rank results. The main finding was to search different subsets of information
when searching for a different topic aspect. Previous work has similarly noted
how different tasks are associated with different document genres [50]. In this
chapter we explore a task-based ranking approach that does not rely on filtering
results. We investigate how a search task can improve the ranking of search
results by using the task to add context to a query. In this appendix we present a
brief summary of the work that is available as:

Schoegje, T., Kamphuis, C., Dercksen, K., Hiemstra, D., Pieters, T., & de Vries, A. P. (2020).
Exploring term expansion for task-based retrieval at the TREC-COVID track. arXiv
preprint https://doi.org/10.48550/arXiv.2010.12674

A.2 Introduction

We explore how to generate effective queries based on search tasks. Our
approach has three main steps: 1) identify search tasks based on research goals,
2) manually classify search queries according to those tasks, and 3) compare
three methods to improve search rankings based on the task context. The most
promising approach is based on expanding the user’s query terms using task
terms, which slightly improved the NDCG@20 scores over a BM25 baseline.
Further improvements might be gained if we can identify more specific search
tasks.

A.3 Approach

Our approach broadly follows the same three steps as used in the seminal
taxonomy of web search [20], which was later extended [125]: identifying the
tasks, mapping queries into tasks, and (re)ranking based on the current task.

A.3.1 Identifying tasks

COVID-related search tasks were collected by combining the research goals from
two main sources: Kaggle’s “COVID-19 Open Research Dataset Challenge” [1] and
the WHQO'’s “"Roadmap to COVID-19 research” [122]. We found that the Kaggle
goals are a superset of the WHO goals. The WHO roadmap contains less goals,
and these are more specific (e.g. the Kaggle ‘the vaccines and therapeutics’ goal
corresponds to the WHOQO's 'vaccines’ and ‘therapeutics’ goals).

A.3.2 Query-task mapping

A manual and automatic task classification are compared. In both approaches
each query is classified into one task. The manual classification was performed
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by the first author by matching words in the topic fields to those in the task
descriptions (with some liberty taken with regard to hypernyms and synonyms).
We noted that manually annotating search tasks based on a query alone can be
difficult due to the ambiguous nature of search intentions. In the current TREC
setting however, the annotator was able to use the information available in the
topic questions and narrative in addition to the query terms.

Volske et al. compared methods for query-task mapping based on query
logs [166]. They found that the most effective method was to index tasks in a
small search engine, and then rank these tasks by a query using BM25. A query
was classified as belonging to the top ranking task. We found a 66% agreement
between the automatic and manual classifications. Because this agreement is
fairly low and we wish to focus on the potential of our task-based approach, we
used the manual classifications for the remainder of the paper.

A.3.3 Improving search rankings
We tested three approaches for task-based re-ranking:

doc2vec Re-rank search results based on the similarity in vector space between
a paper’s abstract and the task description

journal We used relevance assessments from previous rounds to identify which
journals were relevant. Two variants were explored. In the journal.prior
version, a prior likelihood was computed based on the proportion of papers
from a given journal were relevant in previous rounds. The likelihood is then
normalized such that journals with only irrelevant papers get a score of -1,
and journals with only relevant papers get a score of 1. Journals without
prior information get a score of 0.
The task-dependent journal.task variant is similar. The same procedure is
repeated for each task, but this time only using relevance assessments of
topics that were manually classified into the current task. The task-based
prior scores have some intuitive validity - some high scoring journals for
the ‘risk factors’ task include journals about diabetes and cardiovascular
research. These are indeed some of the risk factors in the task description.

term expansion The task-based approach is to perform query expansion
using task terms extracted from the Kaggle task descriptions. There is a
query+task variant and a query+udel+task variant. The udel terms were
created by the University of Delaware by using SciSpacy to lemmatize and
remove non-stop words from the combined query, question, and narrative
fields for each topic.

Of these, the task-based term expansion would turn out to be most successful.
This was done by selecting task terms from the Kaggle task descriptions. First,
biomedical entities are extracted from the task descriptions using ScispaCy’s
biomedical entity recognition. In order to keep the query short and specific,
a selection of these task terms is made based on their TF-IDF score. This

114



Appendices

is based on the TF in the task description and the IDF in the collection of
paper abstracts. The top n terms are then used, and appended to the query
string. In order to weight the query terms more than task terms, we added
duplicates of the original query terms to the new query string. Choosing how
many terms should be added, and how these should be weighted was done
by tuning on the relevance assessments available from the previous rounds.

A.4 Findings

During the first round of the competition, the baseline significantly (NDCG@20
= 0.2490) outperformed the doc2vec re-ranked run (NDCG@20 = 0.0964). It
seems that a proximity between task descriptions and paper abstract in doc2vec
space does not imply a semantic similarity.

During the third TREC-COVID round we switched our baseline ranker to
the Anserini r3.rf run [175]. The baseline (NDCG@20 = 0.5800) outperformed
the journal.priors approach (NDCG@20 = 0.3228) and did slightly better than
the journal.task approach (NDCG@20 = 0.5406). The task-based variant of the
journal performs much better than the variant based on journal priors. This
suggests that there is no objectively better journal when it comes to ranking
results, but that it depends on the context of the information need. The tasks
may have been able to capture some but not enough of this context.

In the fifth round we tested our task-based term expansion, and Table 13
shows that finding that adding task terms to query terms marginally improves
results over just using the query. However, if the udel terms are available the task
terms slightly reduce precision. The udel terms were were taken from a written
description of the underlying information need for each query, and may not be
available in a realistic search scenario. However, they highlight the limitations of
our current approach.

Table 13. Comparing fusion runs with various query term selection on the cumulative
round 4 assessments.

30 topics 45 topics
NDCG@20 MAP NDCG@20 MAP
query 0.4290 0.1626 0.4316 0.1910
query+udel 0.5073 0.2082 0.4956 0.2300
query+task 0.4433 0.1620 0.4446 0.1893
query+udel+task 0.4929 0.2080 0.4907 0.2293

We suspect the Kaggle task descriptions describe the search intent at a higher/
more abstract level than the topic question. When considering the findings in
TREC's precision medicine track we find a potential explanation, as it was shown
that using hypernyms during term expansion has a negative effect on search
rankings [45]. The search tasks we identified may be too generic, and having
more specific tasks may improve the efficacy of our approach. The scores of
the query+udel run show a clear potential for improvements available by
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formulating better queries. The scores remained consistent, and even slightly
improved as new topics were introduced. This suggests that the tasks identified
are stable and complete enough to deal with new topics.

A.5 Conclusion

A successful strategy during early rounds of the TREC-COVID track was to extend
a user’s query with other relevant terms. We explored task-based search for
the scientific COVID-19 literature, which allowed us to generate task terms that
the user might not have entered. Our approach slightly improved NDCG@20
scores compared to using only query terms. Our approach to query generation
did not yet reach the potential that others have shown when using terms from a
topic’s question field, although question terms may not be available in a real life
search situation. Our approach is a step towards achieving similar scores without
requiring users to input additional terms.

A.6 Chapter afterword

The task-based term expansion achieved a slight improvement over a BM25
baseline, but other approaches within the TREC track achieved significantly
better improvements. One reason that limited results may be that the search
tasks were defined fairly broadly. Tasks could be formulated that are more specific
than the abstract Kaggle task descriptions, yet more generic than the specific
TREC search intents. Another limiting factor could be the way we selected and
weighted task terms. Yet if either of these was the limiting factor, we would
have still hoped to achieve a larger improvement over the baseline system. As
it stands, we have found that designing task-based search is more useful for
revealing how users want to interact with information than it is for ranking the
information. A possible exception, based on the previous thesis chapters and
other work [50], may be to automatically filter irrelevant document genres when
a task is detected.

116



Appendices

Appendix B: Extracting author names (Chapter 4)

Author names are extracted using a regular expression from standardised
document templates. Text is extracted from between text fragments between the
markers "Behandeld door” and “datum”. The validity of author names is checked
in the following ways: the name is between 4 and 30 characters in length, does
not contain a number or special character and contains a space (both a first
and last name). Documents authored by multiple individuals identified by the
symbols ‘/’, ‘&, or °/ in the name. Only documents with valid names and single
authors are used in the experiment (as described in section 5).

Finding author aliases

Authors may spell their names in different ways, and hence a disambiguation
is necessary. Common titles are removed from all names that contain them
(such as "Mr.” and "Mw.”) and normalize accented characters to their basic ASCII
counterparts (e.g., "e -¢ e)). Names where the surname and the first letter of the
first name match are assumed to be the same person. This reduces approximately
1600 author names to 1032 unique authors.
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Appendix C: Implementation (Chapter 4)

Building the index

The document-centric index is constructed by indexing documents using their
title, fulltext content, author name, upload date, and sub-domain information.
The candidatecentricindex is created by indexing individual candidates with their
name, all the text they have written, and the sub-domains in which they have
contributed. The written text of each candidate is obtained by concatenating
the titles and full-text of their associated documents into a single text string,
an approach similar to the P@noptic search system [36]. While more recent
studies have found that shorter candidate representations lead to improved
retrieval effectiveness, our research questions do not necessitate state-of-
the-art candidate representations. A candidate’s portfolio is constructed by
concatenating all sub-domains in which they have written a document. Although
this portfolio is not used during the ranking process, it is displayed within the
search results. A hand full of documents lacked a sub-domain, and documents
that were marked as relevant were manually inspected and assigned the most
relevant domain. This was typically based on an explicit reference to the domain
in its content.

Ranking functions

Integrating the document-level index and candidate-level index with the
two interfaces results in four distinct scenarios that the ranking functions, as
described below. In the following discussion, we refer to “document search” as
the process of searching the document index. This is accomplished using the
default Elastic search functionality, employing a query string query that searches
the title and text fields within the document index. Conversely, “candidate
search” refers to searching the candidate index by utilising a query string query
targeting the "written texts” field. Although better ranking functions exist (e.g.,
language models over bag-of-words approaches [179]), our study focuses on
these basic versions to simplify the discussion.

Document interface - document ranking
Documents are ranked using a document search, and results are presented in
the document-centric interface.

Document interface - candidate ranking

Experts are ranked using a candidate search. This informs the expert panels of
the document interface. Then the single most relevant document to this query
is retrieved for each expert, by performing a document search while filtering on
author. The result is presented in the corresponding document-panel.
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Candidate interface - candidate ranking

A candidate search determines the ranking and contents of the author panels
in the interface. Per expert a document search is performed with a filter on the
author, to identify up to three documents written by this author that are the
most relevant to the query.

Candidate interface - document ranking

A document search is performed which populates the author panel as well as
the most relevant document in the document panel. Then another document
search is performed with a filter on the author, to find up to two more relevant
documents by this author that match this query. The document ranking can
produce the same author multiple times in the ranking. Because these would
contain an identical set of documents we hide duplicate candidates.
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Appendix D: List of simulated tasks (Chapter 4)

Table 14 displays the tasks performed during the experiment.

Table 14. The tasks as presented to the users.

Task

Description

T1

Stel dat u een onderzoek voorbereid voor een project over fietsgedrag in Utrecht.
Is er bij collega’s iets bekend over het fietsgebruik van niet-Westerse allochtonen?

T2

Stel dat u het aantrekkelijk wil maken voor bedrijven om te vestigen in een
bepaalde wijk. Hebben collega’s data over het aantal bedrijven en het aantal
arbeidsplaatsen in de verschillende wijken van Utrecht? Weten ze waarom
bedrijven voor deze plekken kiezen?

T3

Stel dat u een nieuwe speelplek kunt laten bouwen, en wil controleren of

er genoeg belangstelling voor is. Is er bij collega’s iets bekend over hoeveel
kinderen er zijn in de wijk Overvecht, en of we meer jonge huishoudens kunnen
verwachten in de toekomst?

T4

Stel dat u Utrecht aantrekkelijker wilt maken voor toeristen. Weten collega’s
hoeveel overnachtigen toeristen jaarlijks maken in Utrecht? Waarom kiezen
toeristen voor Utrecht?

T5

Als u een woning koopt zit er een anti-speculatiebeding op om te voorkomen dat
mensen huizen kopen om ze vervolgens door te verkopen. Welke collega’s weten
hoe effectief deze maatregel blijkt te zijn om huizen meer betaalbaar te maken?

T6

Stel dat u beleid wilt maken om gezond gedrag te stimuleren in de wijk Leidsche
Rijn. U weet dat collega’s in een andere wijk hierin succesvol waren. Welke
collega’s kunnen u uitleggen hoe de Wijkaanpak Overvecht bedacht is?

T7

Stel dat u de tijdlijn wil schetsen van de bouw van de Uithoflijn, vanaf de planning
tot de huidige status. Wie kan u hierbij helpen?

T8

Stel dat u wilt weten of corona invloed gaat hebben een bouwproject. Wie
kan u vertellen of corona invloed heeft op de bouwplannen van Zorgcentrum
Rosendael?
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Appendix E: Descriptive statistics (Chapter 4)

Table 15 shows effectiveness metrics that are not pertinent to the main
analysis. Similarly, Table 16 shows supplementary metrics for efficiency and user
satisfaction.

Table 15. Effectiveness of the four search engines compared. ‘Completion’ is the
average rate of task completion. ‘No can’ is short for no candidates selected during
a task. ‘Cans / task’ is short for number of candidates per task. ‘Rank’ is the (zero-
indexed) rank of the first candidate that was selected.

Search engine Effectiveness Candidates selected
Interface  Ranking | Completion Precision | Nocan Cans/ Docs/ Rank Avg
task can rank
doc doc 0.81 0.75 0.00 2.22 1.00 1.75 3.82
doc can 0.75 0.74 0.06 1.58 1.00 1.56 2.60
can doc 0.79 0.73 0.06 211 2.63 0.61 3.38
can can 0.86 0.76 0.03 2.03 2.48 1.26 3.29

Table 16. Efficiency, user satisfaction and pairwise preferences of the four search
engines compared. User preferences measures the preferability of the search engine in
the row to the one in the column.

Search engine Efficiency User satisfaction
Interface  Ranking Time  Queries Clicks Sum SUsS Confidence
(min) actions
doc doc 3.39 4.08 1.72 5.81 71.94 4.00
doc can 3.02 3.08 1.14 4.22 70.45 3.73
can doc 2.88 4.42 0.36 4.78 72.05 3.55
can can 4.59 4.28 1.75 6.03 72.5 3.89
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Summary

As the municipality of Utrecht manages an ever-increasing amount of
information, its employees require effective search tools to find the necessary
data. With numerous information systems and tools in use, there emerged a
need for a central interface to access all data storages. However, using generic
functionality for diverse user groups is insufficient, as the same user input may
require different results based on the user’s needs and tasks. This becomes
most noticeable when user needs are complex or domain-specific, necessitating
specialised functionality. Therefore, organisations like the municipality must
understand the varying needs of different user groups and how to support them
effectively.

We investigated how to design specialised search tools that cater to
domain-specific information needs. We characterised search tasks and their
functional requirements to develop specialised search functionality, employing
several task facets. By identifying when tasks require functionalities absent in
existing information systems, we determined which search tasks need additional
support. This approach was applied to characterise the tasks of municipal
knowledge workers, leading to improved task performance through task-specific
search functionalities.

This manuscript presents four main scientific studies. The initial study
focused on characterising tasks to develop search functionality. We conducted
semi-structured interviews with council members from two municipalities to
identify and characterise their work and search tasks. By coding their responses,
we identified five task facets representing domain-specific information
requirements.

In the second study, we explored when tasks warrant specialised search
functionality. Through semi-structured interviews with policy workers, we
confirmed that the task facets identified are stable across different groups of
municipal knowledge workers. We examined which tasks necessitate specializsed
search functionality by identifying mismatches between users’ tasks and the
search functionality in existing systems. Two classes of tasks were identified for
which support could be improved: simple web-based search tasks and complex
web-based search tasks. We developed two types of search functionality to
support these tasks: limiting the search index to authoritative information
sources for simple web-based tasks and providing expert search functionality
for complex web-based tasks. When policy workers performed representative
simulated tasks, limiting the search index enabled them to perform simple
tasks 1.7 times faster. Additionally, we found that users consistently resort to
consulting a colleague with expertise when unable to complete a complex task
by searching for a few minutes.
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Summary

The third study exemplifies the application of our task-based approach
to search system design, particularly for expert search tasks. Based on the
characterisation of expert search tasks in previous studies, we adjusted and
tested how we rank and present search results. We compared people-centric
and document-centric approaches to ranking and presenting search results.
Statistical analysis revealed that domain novices performed more tasks correctly
when the interface presented people-centric search results, and achieved faster
task completion with a document-centric ranking.

The final study demonstrates that designing functionality around search
tasks allows us to transcend typical search functionalities. We supported council
members with an overview perspective on council decisions. Previously, these
overviews were manually constructed by policy workers, proving to be unscalable,
incomplete, and subjective. Instead, we provided a method to reconstruct
decision histories of policy dossiers using two methods: identifying when
multiple meetings discuss the same document and identifying when a document
refers to a previous document or meeting. This approach allowed us to construct
approximately 2,500 decision histories of policy dossiers. When experts used
these histories to understand how previous decisions were made, they indicated
that 97% of the documents included were relevant. This high level of precision
was achieved because our inclusion criterion was based on references made
by experts with domain knowledge. Reflecting on what made these timelines
useful, we derived design implications for presenting council decision histories
in the interface. The primary finding was that a layered interface would enable
users to initially see a concise overview (only the main decisions), while still
allowing a complete overview when expanded, to display the provenance of
these decisions. These findings were integrated into a search engine for council
information, where council members can search for documents as usual, but
clicking a search result presents the document within its broader context.

Although the search engines and functionalities presented in this
manuscript are domain-specific and tailored to the municipality of Utrecht, we
identified examples where the same user group at a different municipality in the
Netherlands performed the same tasks. This suggests that search functionality
for Dutch municipalities could be standardised, although further studies should
confirm this. It is also plausible that variations of the same task exist across
multiple domains. When two tasks in different domains can be characterised
with the same task facets, we anticipate that a functionality designed for one
domain can be adapted for another.
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Samenvatting

Omdat de gemeente Utrecht werkt met een groeiende hoeveelheid
informatie, hebben haar medewerkers effectieve zoekinstrumenten nodig.
Naarmate de gemeente meerdere informatiesystemen begon te gebruiken,
ontstond de behoefte aan een centrale locatie om alle gegevensopslagen te
doorzoeken. Generieke functionaliteit is echter niet voldoende voor diverse
gebruikersgroepen, omdat dezelfde gebruikersinvoer kan leiden tot verschillende
resultaten, afhankelijk van de behoeften en taken van de gebruiker. Dit is vooral
merkbaar wanneer gebruikers complexe of (domein-)specifieke behoeften
hebben en gespecialiseerde functionaliteit nodig hebben. Daarom moeten
organisaties begrijpen wat verschillende gebruikersgroepen nodig hebben en
hoe deze behoeften kunnen worden ondersteund.

We hebben onderzocht hoe gespecialiseerde zoekinstrumenten ontwikkeld
kunnenwordenvoorde(domein-)specifiekebehoeftenvangebruikers. Wehebben
zoektaken en hun functionele benodigdheden gekarakteriseerd door middel van
taak-eigenschappen, met het doel om gespecialiseerde zoekfunctionaliteiten
te ontwikkelen. Door te identificeren wanneer taken functionaliteiten nodig
hebben die niet aanwezig zijn in bestaande informatiesystemen bepalen we
welke zoektaken meer ondersteuning nodig hebben. We hebben de taken
van gemeentelijke kenniswerkers gekarakteriseerd, en hun prestaties in
verschillende taken verbeterd door zoekfunctionaliteiten aan te laten sluiten
op de eigenschappen van taken. Dit manuscript presenteert hoofdzakelijk vier
wetenschappelijke studies. De eerste studie focust op het karakteriseren van
taken voor het doel om zoekfunctionaliteit te ontwikkelen. We hebben semi-
gestructureerde interviews afgenomen met raadsleden van twee gemeentes
om hun werktaken en zoektaken te identificeren en karakteriseren. Door hun
antwoorden te coderen hebben we vijf taakeigenschappen gevonden waarmee
we domein-specifieke informatiebehoeften kunnen representeren.

In de tweede studie hebben we onderzocht wanneer taken gespecialiseerde
zoekfunctionaliteiten vereisen. We begonnen met het onderzoeken van
de taken van beleidsmedewerkers door middel van semi-gestructureerde
interviews en stelden vast dat de geidentificeerde taak-eigenschappen stabiel
zijn voor meerdere groepen van gemeentelijke kenniswerkers. We bekeken
welke taken gespecialiseerde zoekfunctionaliteit nodig hebben door te kijken
naar de discrepanties tussen de taken van de gebruiker en de functionaliteiten
in de beschikbare systemen. Twee klassen zoektaken werden geidentificeerd
die beter ondersteund konden worden: simpele web-gebaseerde zoektaken
en complexe web-gebaseerde zoektaken. Twee typen zoekfunctionaliteit
werden ontwikkeld als ondersteuning: het beperken van de zoekindex tot
documenten van betrouwbare bronnen voor simpele zoektaken en het bieden
van zoekfunctionaliteit voor het vinden van experts bij complexe zoektaken.
Bij representatieve (gesimuleerde) taken vonden we dat beleidsmedewerkers
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1,7 keer sneller waren met een beperkte zoekindex. Daarnaast vonden we dat
gebruikers vaak terugvallen op het raadplegen van een collega met expertise
wanneer ze een complexe zoektaak niet binnen een paar minuten kunnen
oplossen.

De derde studie laat zien hoe onze taak-gebaseerde aanpak kan worden
toegepast op het ontwerp van systemen, specifiek voor expert zoektaken.
Gebaseerd op de karakterisering van expert zoektaken in eerdere studies,
hebben we de ordening en presentatie van zoekresultaten aangepast en getest.
We vergeleken persoons-centrische en document-centrische methoden om
zoekresultaten te ordenen en presenteren. Statistische analyse toonde aan dat
nieuwelingen in een domein meer taken correct uitvoerden met een persoons-
centrische presentatie en sneller waren met een document-centrische ordening.

De laatste studie toont aan dat het ontwerpen van functionaliteit rondom
zoektaken onsin staat stelt verder te gaan dan typische zoekfunctionaliteiten door
raadsleden een overzichtsperspectief te bieden op raadsbesluiten. Voorheen
werden deze overzichten handmatig samengesteld door beleidsmedewerkers,
wat onschaalbaar, incompleet en subjectief bleek te zijn. We ontwikkelden
een methode om besluithistories van politieke dossiers te reconstrueren door
te herkennen wanneer hetzelfde document in meerdere vergaderingen werd
besproken en wanneer een document verwijst naar een eerder document of
vergadering. Deze aanpak stelde ons in staat ongeveer 2500 besluithistories te
reconstrueren. Experts die deze histories gebruikten, gaven aan dat 97% van de
opgenomen documenten relevant waren. Deze hoge precisie is mogelijk omdat
de documenten werden opgenomen op basis van verwijzingen door domein-
experts. We hebben ontwerp-implicaties afgeleid voor het presenteren van
besluithistories in de interface, waarbij een gelaagd interface gebruikers een
bondig overzicht biedt dat kan worden uitgebreid tot een compleet overzicht
van de beslissingen.

Hoewel de zoekmachines en functionaliteiten in dit manuscript specifiek
zijn voor de gemeente Utrecht, hebben we ook gezien dat gebruikersgroepen
in verschillende gemeenten dezelfde taken uitvoeren. Dit suggereert dat
zoekfunctionaliteit voor Nederlandse gemeenten gestandaardiseerd kan
worden, hoewel dit verder onderzocht moet worden. Het is ook mogelijk dat
variaties van dezelfde taak bestaan in meerdere domeinen. Wanneer twee taken
in verschillende domeinen op dezelfde manier kunnen worden gekarakteriseerd
met taak-eigenschappen, verwachten we dat een functionaliteit voor de ene
taak kan worden aangepast om de andere taak te ondersteunen.
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The municipality of Utrecht works with an overwhelming amount of information. It is
important that citizens and public servants have effective tools to search for relevant
information. A challenge when creating search engines is that users such as citizens have
different information needs than users such as council members. This is most noticeable
when users have very complex and (domain-)specific needs. These require specialised
functionality.

A standard search engine cannot satisfy the diverse and specific information needs of all
user groups at the same time. Therefore, we characterise the search tasks of different
user groups and develop specialised search functionality to support those tasks. We
investigate which tasks are already supported by existing systems, and which require a
new kind of support.

Over the course of four studies, we implemented multiple search engines and tested
whether these help employees perform their tasks more effectively and efficiently. First,
we developed a search engine for council information to support the tasks of council
members. Second, we introduced a search engine that supports the web-based search
tasks of policy workers, where our results indicated that many of their tasks are solved
by getting help from the right person. Third, we supported this search behaviour by
developing a search engine that helps employees get into contact with colleagues who
have relevant expertise. Finally, we enhanced the original search engine for council
information by automatically generating timelines of political dossiers. This let us present
individual search results in their political context.

The proposed solutions are domain-specific and have been evaluated at one municipality
only. However, we found that user groups at other municipalities perform the same
tasks, and these tasks are also found in other large organisations. Hence, we expect the
specific functionality could be standardised for municipalities, and adapted to support
similar tasks in other domains.
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