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ABSTRACT
Council members and policy workers need to understand (long-
term) processes that lead to decisions. Gaining such an overview
of a topic through a search engine can be challenging however,
as searching a complex topic can result in an overwhelming num-
ber of documents and does not show 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 show that policy workers consider documents relevant
to the overviewwhen the document and proposal were both 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 are tasked to understand the development of policy propos-
als based on provided timelines. Their relevance assessments show
that our approach nearly exclusively finds relevant documents (a
precision of 0.97).

Whereas 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 find-
ing 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 might apply to other domains oriented around
a decision-making process.

CCS CONCEPTS
•Applied computing→Documentmanagement and text pro-
cessing; • Information systems → Digital libraries and archives;
• Human-centered computing→ User studies.
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1 INTRODUCTION
City council members create policies over multiple council meet-
ings, 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 [16]. 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 [16]. Providing an
overview of council information is invaluable, as such constraints
limit how much information will people gather before making a
decision [1] and could therefore lead to sub-optimal decisions.

Civil servants recognise the need for an overview of informa-
tion, 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 sub-
jective 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 more
transparent decisions and clearer accountability. In this paper we
investigate how to generate timelines that complement, and eventu-
ally 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?

525

https://orcid.org/0000-0002-2488-3771
https://orcid.org/0000-0001-7412-5250
https://orcid.org/0000-0002-2888-4202
https://orcid.org/0000-0002-8156-8436
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1145/3657054.3657116
https://doi.org/10.1145/3657054.3657116
http://crossmark.crossref.org/dialog/?doi=10.1145%2F3657054.3657116&domain=pdf&date_stamp=2024-06-11


DGO 2024, June 11–14, 2024, Taipei, Taiwan Schoegje et al.

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

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 time-

lines?

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 doc-
uments. The first method identifies during which meetings the
same (near) duplicate documents are discussed (see Figure 1). 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 2). 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 informa-
tion, and explore what qualities make for a good overview of policy
information.

The main contribution of the paper is in characterising the need
to generate timelines for council members, and in proposing a so-
lution. 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 con-
struct manual 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 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 refer-
ences 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 ben-
efit from provenance-based timelines. An overview of a decision-
making process makes the decisions more transparent, explainable
and useful.

2 RELATEDWORK
Transparent decision-processes tend lead to better results [8] and
clarify who should be accountable for decisions. Making contextu-
alised decision information easily accessible also lowers barriers to
involving citizens [5, 12]. These factors enable an open government

[2] and the quality of information available, which fosters trust
[9, 11].

2.0.1 Timelines. To generate timelines we can adapt techniques
from the recent survey by Norambuena et al. [14]. They showworks
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 [17, 18], 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. [10, 13]). The structure of council information
enables two further approaches: following co-references and textual
references to older documents.

2.0.2 Co-reference approaches (approach 1). When multiple coun-
cil 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. [6]). Timelines of policy proposals reason back in time (i.e.
how did this political decision follow from the previous ones?),
similar to the bibliographic coupling approach for citation analysis.

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 [7]. Figure 3 gives an
overview of the important concepts, with two examples: the city
council acts as an agent that performs the activity of making deci-
sions, 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.

2.0.3 Identifying in-text references (approach 2). Several approaches
have used textual document references to identify how a narrative
developed [3, 21, 22], 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) [3]. When establish-
ing links between documents using both co-citation and in-text
references, a graph is formed where documents may be linked de-
spite 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.

3 DATASET
The dataset is the public council information of the city of Utrecht
in the Netherlands. This dataset reflects the two active responsi-
bilities of council members: to shape new policies, and to oversee
whether the municipality properly executes those policies. These
responsibilities are recorded and carried out during weekly council
meetings. The structure of council information is shown in Figure
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Figure 1: 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 2: 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.

Figure 3: An overview of the key concepts in provenance, adapted from Groth et al [7]. In normal text, a council member
example. In italics, a policy worker example.

4. During each meeting multiple items are discussed, typically con-
cerning 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, themunicipality 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.
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Figure 4: Documents are organised around meetings and around entries (documents from civil servants). These sets overlap
when entries are discussed during a meeting.

4 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 au-
thor 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 see how and why they constructed their manual time-
line. 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 necessar-
ily 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 in-
stance, 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 docu-
ments when writing to the council. There are two types of refer-
ences 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. Con-
sequently, these do not reflect an objective or complete perspective.
An algorithmic approach presents a more scalable alternative, ca-
pable of mitigating subjective factors.

5 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 group-
ing 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 ac-
cessed through zoek.openraadsinformatie.nl (last accessed 11-9-
2021).

5.1 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 displayname in the metadata fields. For this set of doc-
uments it was ensured that all documents have a similar filesize,
defined as not deviating by more than 5% from the average file-
size in the set. This resulted in 43507 unique documents. Before
grouping, filenames and displaynames were normalised by remov-
ing 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.

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 his-
tory of individual policy proposals, including the weekly meetings
and documents.

5.2 Textual references
Figure 6 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 docu-
ment. ID extraction is done by detecting hyperlinks in the text using
pdfminer in python [19]. The contents of the URL indicate what
type of meeting or document is referenced, as well as its unique ID.
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Figure 5: 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.

Figure 6: The processing pipeline for textual references to documents and meetings.

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

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 [20]. 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 approach

is 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.

5.3 Technical evaluation: identifying references
We evaluate what proportion of in-text references we success-
fully extracted from documents, and how many of these we disam-
biguated successfully. We annotated all textual references in ten
randomly chosen manually constructed manual timelines (as other
document genres contained fewer references). These annotations
were compared to the extracted references.

Table 1 shows that we successfully extracted 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.
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Table 1: 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 title
Total 100% (45) 100% (46) 100% (46)

Extracted 100% (45) 93% (43) 80% (37)
Disambiguated 82% (37) 22% (10) 9% (4)

6 QUALITATIVE EVALUATION AND
EXPLORATION

We performed an exploratory study with a dual purpose: to investi-
gate 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 lead 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 in-
vestigate 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 gen-
erated 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 be-
tween 6-12 items long (8.5 on average), with one outlier containing
only 4 items.

6.0.1 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 et al. [15]).
Ten policy workers (six female, four male) were invited to partici-
pate. 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 min-
utes) 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 se-
lected, although one proposal was replaced with another, because
its timeline was too large to discuss during a single session.

6.0.2 Procedure. After introductions and securing informed con-
sent, 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 understand-
ing the policy proposal (both on a three-point scale). They were
asked to give reasons for these assessments.

Within this structure, the interviewer would allow room to dis-
cuss 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.

6.0.3 Analysis. All interview responses were analyzed with a the-
matic 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.

6.1 Results
Three main themes emerged: inclusion criteria; completeness and
conciseness; and overview perspective. These themes and the main
points are briefly summarized in Table 2.

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 coun-
cil 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 ev-
ery 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 itemswere discussed
during a separate meeting later that week. After excluding this type
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Table 2: Summary of the main themes and findings in the qualitative study

Theme Main findings
Inclusion criteria Structure timelines around tracing document provenance

Correct provenance leads to relevant and useful documents
The proposed method finds documents from the correct provenance

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

We can present a layered view, that expands from decisions to all provenance
Overview perspective Show how timelines intersect and interrelate

Overview perspective aids in understanding big picture
Overview perspective aids in finding holes/curiosities in big picture

Linked data in overview avoids challenges in selecting keywords for search
Comparing types of timelines No qualitative differences found

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.

Completeness and conciseness [RQ2]: Participants noted both
the importance of conciseness (P6: “Less is better") and complete-
ness (P4: “Maybe I’m too careful, but I 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 7 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 activi-
ties 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 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 lin-
ear process, P8 highlighted that “sometimes multiple [time]lines

converge, and I 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 [18]). 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 lead 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 miss-
ing" 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).

6.2 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 prove-
nance 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 lever-
age the provenance information that is provided explicitly in the
council’s work processes. The importance of provenance in this
setting suggests that similarity based approaches are less appropri-
ate 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.
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Figure 7: 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.

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 those decisions. For instance on identifying critical
decision moments [4], 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 govern-
mental organisations at the municipal and (sub)national level in
Country, although smaller organisations may record these in less
detail as they have less administrative staff available. The approach
likely generalises to many (country) 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. Poten-
tial future work could investigate whether this approach could be
adapted broadly, specifically for use in organisations that have inte-
grated 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 meta-
data), 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 themost vital documents known
to their expertise, we assume that our timelines cover the most im-
portant 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 ex-
panding 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.

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.

7 CONCLUSION
Understanding the decision-making process of a city council neces-
sitates an understanding how council documents are interrelated.
In this paper we considered 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 ref-
erence important documents, we proposed an approach to generate
timelines based on two types of references between documents: doc-
ument co-citation during meetings and textual references within
council documents. We generated timelines of individual policy
proposals by identifying meetings that discussed the same docu-
ments. Timelines of how policy proposals extend one another were
identified by examining textual references between documents.
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A user study with policy workers investigated both 1) guidelines
for designing an overview interface and 2) whether the generated
timelines included relevant documents. Experts considered docu-
ments 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 comprehen-
sive provenance layer (RQ2).

Creating an overview based on references between documents
nearly exclusively yields 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 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.
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