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Abstract. Process mining is a powerful approach for analyzing event
data, benefiting greatly from human-in-the-loop methods due to its re-
liance on human interpretation and decision-making. However, current
tools do not fully exploit the potential of integrating process mining
with interactive visual support. To address this gap, we adopt a design
science research approach to systematically connect task concepts from
both domains. As a result, we introduce Milana, a method that links
process mining tasks, expressed as analysis questions, to established vi-
sual analytics requirements. Milana fosters a shared vocabulary, improves
communication between the communities, and offers practical guidance
for designing effective visualizations tailored to process mining.

Keywords: process mining · visual analytics · analysis tasks · visual-
ization design

1 Introduction

Effective visualization is critical for empowering process analysts to derive mean-
ingful insights from complex process data [3]. Over the last two decades, pro-
cess mining (PM) has developed into an established research field and offers a
collection of techniques and tools that provide immense value for the analysis
of processes, enabling diverse analyses such as process discovery, conformance
checking, performance analysis, or prediction [4]. While techniques in these areas
are constantly advancing, human-centered aspects of PM, including the use of
existing tools and the perception of artifacts produced by these techniques, have
received less attention [10,19]. As analysts often face complex decision-making
tasks, providing appropriate and intuitive visual support is essential for facili-
tating insight generation and ensuring that conclusions drawn from PM analyses
lead to meaningful impact in practice [17].

Concurrently, the field of visual analytics (VA) [15] offers an extensive body
of knowledge about how visualizations can support analytical reasoning and



2 L. Zimmermann et al.

decision making [22]. Established VA taxonomies describe tasks, intents, and
visualization techniques across diverse domains [7,9,24] and can help guide visu-
alization design. However, the application of these taxonomies to domain-specific
needs of PM remains underexplored [19,28]. One key obstacle is a missing shared
vocabulary. For example, what VA defines as comparison or correlation analysis
may manifest as conformance checking or performance benchmarking in PM. So
far, there is a lack of systematic mapping, and without a common language, it
remains difficult to translate PM needs into visual solutions and vice versa.

In this paper, we take a step toward bridging this gap. Rather than defining a
new taxonomy of PM tasks, we build on an established VA task typology [9] and
existing categorization schemes in PM [8,31]. We consider PM tasks as analytical
activities that are often driven by concrete questions, whose answers are sought
by PM analysts based on process data [12]. Accordingly, our approach starts
from a set of PM analysis questions, which we use as a practical entry point to
abstract task types. This in turn provides the basis for abstracting the set of
operations and data types required for making decisions on appropriate visual
encodings [21]. The result is a structured mapping that helps to describe PM
tasks in terms that are meaningful within the VA community. Our goal is to
support the selection, design, and evaluation of visualizations tailored to the
actual analytical needs of PM users.

In particular, we introduce Milana6, a method developed through a design
science approach as a conceptual bridge between these two domains. Milana
reuses and connects well-established categories from VA and PM and enables
analysts, visualization designers, and researchers to communicate and systemat-
ically reflect on what kind of visual support is suitable for specific PM tasks.

2 Related Work

This section reviews existing classification systems for analytical tasks and visu-
alization needs. We focus on established schemes from VA and PM, which form
the conceptual basis for our work.

2.1 Tasks and Task Definitions in Visual Analytics

In the existing VA literature, the concept of “task” is used in varying ways, with
taxonomies reflecting different levels of abstraction and granularity. For example,
they might be reflected as low-level operations of analytic activity [6], users’
interactions intents [29] or visualization usage [9,13]. Munzner [21] especially
highlighted that a task can be described at different levels, i.e., from domain-
specific problems to abstract operations.

Rind et al. [24] extended this idea by formalizing task definitions within a
conceptual space called TaskCube, consisting of three orthogonal dimensions:
6 Milana is an Urdu word that means “compound” or “to unite” (see https://www.
urdupoint.com/dictionary/urdu-to-english/milana-meaning-in-english/
19252.html, accessed 12.06.2025).

https://www.urdupoint.com/dictionary/urdu-to-english/milana-meaning-in-english/19252.html
https://www.urdupoint.com/dictionary/urdu-to-english/milana-meaning-in-english/19252.html
https://www.urdupoint.com/dictionary/urdu-to-english/milana-meaning-in-english/19252.html
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abstraction, composition, and perspective. Abstraction spans from generic ana-
lytical tasks to those specific to a data type (e.g., network or temporal data), a
domain, or a specific tool. Composition refers to the granularity, ranging from
concise low-level to broader high-level tasks. Perspective distinguishes the user’s
objective (why a task is done) from the action taken (how it is done). An ob-
jective is “a question on data [...] to solve a problem [...]” while an action is “a
discrete step towards addressing an objective”.

Moving to concrete classification schemes for tasks, one of the most recog-
nized frameworks is the typology by Brehmer and Munzner [9]. It structures tasks
along three dimensions — why, how, and what — capturing the user’s intent,
the means of execution, and the data involved. The why dimension is especially
relevant to our work, as it clarifies the intentions of users rather than describing
the execution methods, which tend to be more specific to the domain and tools
used [9]. Depending on the user’s knowledge of the tasks’ target and its loca-
tion, the why dimension describes high-level goals (e.g. consume vs. produce),
mid-level search behaviors (e.g. look up or explore) and low-level queries (e.g.
identify or compare). This typology serves as a strong foundation for translating
domain-specific problems into abstract tasks [24] and can inform visualization
design. We therefore use it as a basis for abstracting relevant aspects of PM
tasks in order to clarify their visualization requirements.

2.2 Tasks in Process Mining

While task taxonomies in VA are well-established, PM lacks a shared under-
standing of tasks. As Klinkmüller et al. [16] note, little is known about the types
of questions practitioners address in practice. Still, some studies have categorized
PM tasks from various perspectives. We review key developments below.

The Process Mining Manifesto [1] outlines a widely cited classification of
three core PM techniques: process discovery, conformance checking, and process
enhancement. While useful, these categories cover diverse use cases. To provide
more detail, van der Aalst [4] later introduced six types: process discovery, con-
formance checking, performance analysis, comparative PM, predictive PM, and
action-oriented PM, each reflecting distinct purposes and tool capabilities.

A growing body of research complements this classification of PM techniques
with task categorizations derived from case studies. For example, Klinkmüller
et al. [16] revealed a list of common domain problems and Milani et al. [20] ex-
amined business questions driving PM projects. The latter identified twelve use
cases grouped under five business objectives: transparency, efficiency, quality,
compliance, and agility. To our knowledge, these works offer the most compre-
hensive overviews of PM use cases and specific tasks derived from case studies.

Additionally, Barbieri et al. [8] proposed a multi-dimensional taxonomy to
categorize questions answerable via their natural language interface. Though fo-
cused on interface evaluation rather than task modeling, the taxonomy describes
PM tasks along multiple dimensions (e.g., task perspective, filtering, context,
composition). Similarly, Zimmermann [31] highlighted the need to classify PM
analysis questions along a well-developed taxonomy or classification scheme to
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structure the analysis phase and ensure a common understanding of the analysis
goals. Their tool is built on a six-dimensional classification scheme, including the
main use case, process perspective, and data level needed to answer a question.

This work does not propose a new task taxonomy or definition of PM tasks.
Instead, we build on existing literature and, following recent work advocating a
question or goal-driven analysis approach [30,31,26], treat analysis questions as
the starting point for PM tasks. Our aim is to derive and frame visualization
requirements from these questions.

3 Design Science Approach

To develop Milana, we adopt a Design Science Research (DSR)[23] approach
as outlined in Fig. 1. In particular, in this paper, we focus on the problem
motivation, the objectives of our solution, the design and development steps,
and the demonstration of Milana. While our demonstration already reveals its
value, a complete evaluation remains for future work.

3.1 Identify Problem and Motivate

PM relies on human-centered analysis processes in which analysts engage with
process data iteratively, formulate questions, interpret results, and derive insights
given their domain and context [26]. However, during an analysis, individual ana-
lysts struggle with diverse aspects, including the interpretations of visualizations
produced by PM algorithms [32].

Overall, the application of VA principles in PM remains underdeveloped.
As noted in Sect.1, a key reason is the lack of a shared conceptual foundation.
PM and VA rely on different task models, terminologies, and design rationales,
making it difficult to translate requirements across domains [28]. Current pro-
cess analysis tools offer little structured support to align human analytical tasks
with appropriate visual interfaces, essential for understanding, exploring, and
decision-making. This gap is especially problematic in collaborative settings or
for tool development, where process analysts define high-level goals while visu-
alization experts must decide how to support them visually. Without a shared
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Fig. 1. Overview of our method, adapted from the DSR Process [23].
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vocabulary or task-to-visualization mapping, communication suffers and design
potential is lost. Therefore, our goal is to enable a structured translation of
requirements from PM tasks into visualization solutions that are cognitively ap-
propriate and analytically meaningful to respective VA experts.

3.2 Define Objectives of a Solution

Having identified the gap between PM and VA, we define the following objectives
for the proposed solution.

– Establish an aligned vocabulary across domains. Our first objective is
to provide a conceptual foundation that aligns key concepts, tasks, and ter-
minology across PM and VA. To achieve this, we abstract from specific tasks,
typically expressed in PM terms, to ensure a broader, shared understanding.

– Translate PM requirements into the Visual Design Space. We aim to
support the structured translation of analytical goals and user needs in PM
into actionable visualization requirements. This includes mapping abstract
tasks (e.g., discovering deviations, profiling behaviors) to suitable operations
and visual encodings, enabling VA experts to design effective solutions with-
out deep PM expertise.

– Support the justification of visualization design choices. By con-
necting process tasks to visual design options, our mapping should serve as
a reference framework to justify why specific visualizations are appropriate
for given tasks. This might facilitate design rationale documentation and
enhance interpretability of VA components in PM tools.

– Inform evaluation criteria for process visualizations. Our mapping
should also form a basis for the development of evaluation protocols by
making explicit the expected support for a given PM task. This enables
researchers and practitioners to assess not only correctness but also usability
and task fit of visualizations based on explicit requirements.

3.3 Design and Development

After identifying the problem and defining clear objectives, we initiated the de-
sign and development phase of Milana. Following the principles of DSR, our
target artifact can be understood as a method [14] that offers a conceptual
and structured approach to clarify tasks and guide visualization design. Its de-
velopment was iterative, with ongoing refinement and validation. We grounded
our work in empirical observations, analyzing PM analysis questions from [8]
and [31], which stem from real-world and educational use cases. These questions
helped us understand analysts’ intentions and cognitive demands. We sought
to characterize what information is essential for visualization experts to mean-
ingfully support these tasks. This empirically grounded basis helped to ensure
that Milana remains rooted in realistic analysis settings and not only theoretical
assumptions. The result of our iterative refinement is presented in Sect. 4 and
can be summarized in the following main development components:
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1. Identification and adaption of existing typologies and classification
schemes. We identified foundational classification schemes to describe PM
tasks in terms of visualization and data requirements, and developed guiding
questions to clarify additional key aspects in a less formal structure.

2. Design of Milana. We combined the elements of the first component into
meaningful statements to finalize our artifact.

3.4 Demonstration

After its development, we performed a demonstration of how Milana can be
used to guide VA experts in making informed choices for effective visualizations
relative to the PM task (cf. Sect. 5). The demonstration indicates the capability
of Milana to establish an aligned vocabulary across the two domains and enable
the translation of PM requirements into the visual design space. It also informs
the evaluation criteria for process visualizations which we aim to further develop
towards a more detailed and empirical evaluation in future work.

4 Result: Milana

In this section, we present the results of the design and development phases of
our DSR approach. Milana involves four steps as outlined in Fig. 2 and described
below: classification of task(s) according to adapted visualization and PM task
typologies, clarification of key aspects, and formulation of the Milana bridge.

4.1 Identification and Adaptation of Existing Typologies

Identification of base typology. As pointed out in Sect. 2, in comparison to
PM, VA provides a more cohesive understanding of visualization and analysis
tasks. We chose the well-known and widely accepted typology of Brehmer and
Munzner [9] as a starting point for our method due to its flexibility and expres-
siveness. It defines tasks in three dimensions, indicating why it is performed,
how it is performed, and what kind of input and output (data) is produced.
Focusing on the why dimension provides us with a path to abstract a given PM
question into a visualization task objective which can then inform the design of
a visualization solution supporting the underlying intention of the task.

Applying the why dimension to PM tasks, i.e., a set of analysis questions,
revealed certain interpretative challenges. In particular, the notions of target
and location, which are central to the mid-level (search) part of the dimension,
required further contextualization. We, therefore, developed refinements tailored
to the PM domain:

– Target, in PM, refers to the condition an analyst is trying to isolate or inves-
tigate. We consider it known when this condition can be directly specified
and evaluated on the data (e.g., “identify cases longer than 5 days”). The
target is unknown when solving the task requires first evaluating a compar-
ative or abstract criterion (e.g., “cases that take the most time”), where the
benchmark or reference emerges from the data.
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– Location defines where in the process data the target is expected to be
found. In PM, this includes the levels of log, trace, and event. The location
is known when the task explicitly constrains the data subset (e.g., “cases
processed by department B and lasting longer than 5 days” - which narrows
the search to a specific subset of the cases (traces) in the log). It is unknown
when no such reference is made, requiring broader exploration across all
traces of the log (e.g., “which cases take longer than 5 days?”).

The resulting PM tailored version of the typology which we adopt for Milana
is presented in Fig. 2A.

Classification of PM tasks. Next, we turned to identify further relevant cate-
gories of PM tasks to specify the nature of the required PM analysis in more de-
tail. To this end, we built on existing question classification approaches described
in Sect. 2. After applying different combinations of classification schemes to our
set of questions and assessing their relevance, we identified three dimensions
inspired by the classification scheme of Zimmermann [31] as both analytically
relevant and practically useful for building our translation bridge (cf. Fig. 2B):

– Use Case refers to the underlying purpose or motivation for analysis. Rooted
in common PM objectives, we distinguish four primary use cases: trans-
parency, performance, compliance, and automation. These are aligned with
established PM categories [20,4] and tool functionalities.

– Perspective denotes the angle from which the process is analyzed. Fol-
lowing the definitions by van der Aalst [2], we include perspectives such as
control-flow, time, resources, data, and identified a need for an “other” cat-
egory, allowing to describe tasks that require the consideration of multiple
perspectives or perspectives not part of the previous list. The perspective of
a task describes what aspect of the process is foregrounded in an analysis.

– Data Level, inspired by the XES standard [5], reflects the granularity of
the data involved: log, trace, event, or other. It indicates the scope of data
that is required to answer a question, helping visualization experts assess
the necessary resolution and abstraction level.

Clarification of Key Aspects. Throughout the development iterations of Mi-
lana, it became evident that even questions with similar surface structure could
differ substantially in their analytic implications. Therefore, beyond classifica-
tion, we introduced two clarifications of finer-grained aspects of task formulation
(cf. Fig. 2C):

– C1: What is expected from the answer, i.e., is a definite value (binary/numeric)
expected or a qualitative description/explanation? If latter applies, what
perspective constitutes a relevant context for the qualitative analysis?

– C2: How are the specific concepts referred to by the questions defined (e.g.,
bottleneck, “working as agreed upon,..”)? In case these concepts require
knowledge/information (e.g., a threshold, a normative model), specify it!
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Use Case
Underlying 
purpose for 

analysis

transparency gain transparency regarding a particular perspective of the process.

performance measure or improve a performance aspect of the process. 

compliance reveal divergence between as-is process and prescribed or expected behavior.

automation measure or improve the automation level of the process. 

Perspective
Primary angle and 

data attributes 
relevant for 

analysis

control-flow ordering or existence of events, transitions, traces, and their execution.

time timing of events or traces or their execution duration. 

resources
resources involved in the process (e.g., actors, organizational units) and their 
attributes (e.g., role).

data data attributes (e.g., their value or distributions) and their interrelations.

other no clear predominant perspective or does not contain any specific concept.

Data Level
Data scope 
required to 

answer 

log refers to the event log as a whole and not to specific traces or events.

trace
refers to (a set of) specific traces (cases, instances) that satisfy a given characteristic. 
Can be considered in full (start-end) or as subsequences (Activity X to Activity Y).

event refers to (a set of) events or event attributes. 

other focus on a specific data level cannot be inferred. 

Consume
Intention of 

performing a task

present communicate information, storytelling, guide audience.

discover find patterns or insights that are not yet known.

enjoy cencounter visualizations without a specific purpose.

Search
Finding elements 

of interest

lookup search target known, location known.

browse search target unknown, location known.

locate search target known, location unknown.

explore search target unknown, location unknown.

Query
User action to 

complete the task

identify determine the identity of a presented element.

compare examine similarities or differences between two or more elements.

summarize provide an overview or aggregation of the data.
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C1: What is expected from the answer, i.e., is a definite value (binary/numeric) expected or a qualitative description/explanation? 
If latter applies, what perspective constitutes the relevant context for the qualitative analysis?

C2: How are the specific concepts that are referred to by the questions defined (e.g., bottleneck, “working as agreed upon,..”)?
In case these concepts require knowledge/information (e.g., a threshold, a normative model), specify it!

Fig. 2. Overview of the different parts of the Milana method. (A) The “why” perspective
of Brehmer and Munzner’s visualization task typology [9]. (B) Classification of PM
Tasks inspired from [31]. (C) Additional clarifications of key aspects. (D) Milana bridge,
which makes use of all three parts to translate PM analysis tasks into actionable design
guidance for VA experts.
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4.2 Design of Milana

After completion of the iterations on the identification and adaptation of ex-
isting typologies, the second main component of the development phase was to
operationalize the connection between PM tasks and VA methods. Therefore,
we formulated a structured bridge that translates PM analysis tasks into action-
able design guidance for VA experts. After testing several versions of it on our
set of empirical analysis questions and discussing among the authors, Milana
emerged as the composition of the following three sentences. They act as the
final translation layer informing a task-oriented design of visualizations in PM
(cf. Fig. 2D):

1. “The visualization should support the [Consume] for a [Use Case]
analysis.”
This sentence sets the analytical objective by expressing the user’s inten-
tion (“why” dimension) and grounding it in a concrete PM use case (e.g.,
compliance, performance). This framing aligns the visualization with the
underlying motivation for analysis.

2. “To find an answer to the question, users need to [Search] [Per-
spective] aspects of [Data Level] .
This sentence links the analytical objective to the required user actions and
the relevant process characteristics. It draws from the “how” and “what” di-
mensions of the visualization task typology, connecting them to PM perspec-
tives (e.g., time, control-flow) and the data granularity (log, trace, event).

3. “It must be possible to [Query] [C1] [C2]”.
This sentence provides technical design implications by specifying how users
must be able to interact with the data. The placeholders [C1] and [C2] denote
task-specific contextual constraints, such as comparison operators, filtering
techniques, or temporal relationships that must be supported to accomplish
the task (cf. Sect. 4.1).

5 Demonstration

To illustrate Milana’s use, consider the following scenario: a PM expert prepares
the bridge specifications for a PM task. A VA expert then takes these specifi-
cations and proposes a suitable VA interface design. Our overall vision is that
in a realistic setting applying Milana to a collection of relevant PM tasks for
a given (business) process will help identify the common analytical needs and
functionality requirements to guide the design of a tailored (interactive) visual
interface for analysis.

For this demonstration, we choose a common and recurring task in PM
projects: “Where are the bottlenecks in the process?” . Identifying bot-
tlenecks is relevant for uncovering concrete inefficiencies and has been identified
as a commonly raised question in projects [18]. Several techniques, which can
be attributed to the broader category of performance analysis [4], have been
proposed and applied to support the analysis of bottlenecks. The relevance of
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Use Case performance measure or improve a performance aspect of the process. 

Perspective time timing of events or traces or their execution duration. 

Data Level event refers to (a set of) events or event attributes. 

Consume discover find patterns or insights that are not yet known.

Search locate search target known, location unknown.
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aspects of

3. It must be possible to 
C1

C2

performance

locate

discovery

time events .

identify the position (control-flow or time) of bottlenecks in the process

a relative threshold for activity duration and frequency .

QUERY

Clarification QuestionsC

Query identify determine the identity of a presented element.

defined by

C1: We expect a description of the position (w.r.t. control-flow or time; if seasonal effects) of bottlenecks in the process (qualitative).

C2: A bottleneck is defined by a relative threshold for activity duration and for activity frequency.

Fig. 3. (A)-(C) Classifications made by the PM expert as input to Milana. (D) Appli-
cation of Mialna to the demonstration example.

this question has also been highlighted in the context of the Business Process
Intelligence Challenge (BPIC) 20207, where it was among the questions posed
by the process owners.

The classifications that were established by the PM expert for the task at
hand are provided in Fig. 3A-C and form the input for Milana, which is provided
in Fig. 3D. Based on the Milana bridge, the following visualization-related inter-
pretations are made by the VA expert. The visualization interface should support
discovery for performance analysis; this implies that the interface should enable
interactive exploration of the process and its relevant performance aspects (in
this case temporal aspects). Specifically, the interface needs to enable a user to
identify where in the process (w.r.t. the control flow or time) bottleneck events
occur. Bottleneck events are defined by a threshold for frequency and duration
(time aspects) which is set interactively by the analyst.

This interpretation of the Milana bridge outlines the requirements for the vi-
sual interface enabling the VA expert to sketch initial mockup views, as provided

7 https://data.4tu.nl/collections/BPIChallenge2020/5065541/1
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Fig. 4. Concept mockups of potential complementary views for bottleneck analysis

in Fig. 4. To set the bottleneck threshold a representation is needed that shows
an overview of the duration and frequency of events in which a user can make
selections (qualitative identification). A representation for displaying continuous
2-dimensional data is the scatter plot (Fig. 4 left). A scatter plot mapping the
average frequency vs average duration of events would reveal common events
with long durations which could be selected as (potential) bottlenecks for fur-
ther exploration. To locate these events in the context of the process and explore
their temporal characteristics, a set of temporal views are needed. There are sev-
eral alternatives that can be equivalently valid and the selection could be guided
by surveys of visualization techniques for different data types (e.g., the survey
of visualization techniques for time-oriented data [27]) as presented in Fig. 5).
For displaying the process in a simplified manner a directional arc diagram was
sketched (Fig. 4 middle) displaying the transitions between events with the bot-
tlenecks highlighted. Temporal aspects such as average frequency and duration
of events over time can with advantage be explored in well-established temporal
representations such as histograms or line plots (Fig. 4 right).

Based on the sketched representation alternatives, a mockup of a prototype
interface was created to experiment with the proposed views (cf. Fig. 6) based
on the BPIC dataset 2020 [11]. The proposed interface comprises a scatter plot
representation (Fig. 6, top left) showing the relationship between frequency and
average duration, enabling a user to define the conditions (thresholds) for the
bottleneck exploration by interactively selecting suspicious event types. Selecting
events will highlight them by rendering the remaining semi-transparent.

Fig. 5. Visualization techniques for time-oriented data from the TimeViz Browser [27].
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Fig. 6. Visualization interface mockup for bottleneck exploration elicited from Milana.

The control-flow is captured through an arc diagram showing the process
overview (Fig. 6, top right). Nodes are drawn along a horizontal axis with con-
necting arcs marking transitions between events, enabling quick identification of
the order and positioning of events of interest. Nodes are drawn proportional to
their frequency and arcs are weighted by number of transitions. “Forward” tran-
sitions are drawn above the nodes and “backward” ones below. The nodes are by
default sorted to reduce edge crossings but can be sorted according to different
criteria such as a benchmark event order. Upon selection of bottleneck events
in the scatter plot, these are highlighted in the arc diagram. In addition, corre-
sponding histogram views are drawn for each bottleneck at the bottom of the
interface (Fig. 6, bottom) revealing temporal aspects (duration and frequency
over time) and providing additional context for analysis (e.g., the identification
of seasonal bottlenecks). As such, the arc diagram provides an ordered view of
the events whose timings can be explored in more detail in the histograms.

Exploring the domestic travel declarations dataset from the BPIC 20208 in
the proposed interface reveals that events with a high average duration and rel-
evant frequencies are: Payment Handled, Request Payment, and Declaration
FINAL_APPROVED. The arc diagram shows how these are connected to the other
process events. The frequency distribution of all three is similar showing a no-
table drop in August. The distribution of durations varies between the selected
events. Declaration FINAL_APPROVED peeks in August and shows a notable in-
crease in January, July, October (> 2 days). Request Payment displays large
peeks in January and August while Payment Handled takes longest in January.

8 Before analysis, we preprocessed the events and removed role names from the activity
names
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6 Discussion and Future Work

In this paper, we proposed a novel method for bridging PM tasks to visualiza-
tion requirements. In particular, Milana serves as a conceptual bridge between
domain-specific questions and VA design considerations, offering a shared foun-
dation for PM analysts and visualization experts. To develop Milana, we re-
viewed existing task classifications from both VA and PM, and applied them to
practical PM tasks until we converged to a version that could be applied to our
selected subset of PM questions and successfully informed visualization design
decisions, as demonstrated in Sec. 5. Thereby, our objectives when developing
Milana were fourfold: (1) to establish an aligned vocabulary; (2) to translate
PM-specific requirements into the visual design space; (3) to justify design de-
cisions for visualization interfaces; and (4) to inform evaluation criteria. Milana
addresses each of these goals by offering a structured format for articulating
analysis needs by abstracting from concrete tasks, mapping them to actionable
design elements, and fostering traceable rationales for interface decisions.

While Milana contributes a decisive step towards closer cooperation between
the communities, there is substantial room for further research. For example, we
observed that the final translation of the Milana sentences by VA experts is not
deterministic. Users may arrive at different, yet equally valid, design solutions
for the same analytical question. This flexibility is needed since it reflects the
creative nature of design and the diversity of visualization strategies. However,
future work could investigate whether specific combinations of task characteris-
tics tend to correlate with certain visualization patterns that are more effective,
thereby allowing more prescriptive guidance.

Additionally, while we applied our approach to multiple PM tasks in the
process of developing it, a comprehensive evaluation needs be conducted to de-
termine if Milana leads to good visualizations as well as to assess the overall
utility of the bridge mechanism. The evaluation should follow an experimental
design involving two groups: (1) a control group tasked with designing visualiza-
tions without structured guidance; and (2) a treatment group receiving guidance
through Milana. This comparative approach will help isolate the impact of the
bridge on users’ ability to identify, interpret and utilize suitable visualizations
effectively.

To ensure the successful application of Milana, we plan to develop struc-
tured guidelines of use. At the moment, it is essential to involve a domain or
PM expert to accurately categorize the analytical question. Their expertise is
crucial in interpreting the context and ensuring that the question is framed cor-
rectly. However, we expect additional guidance will be needed to support the
use of Milana, especially when not exclusively applied by experts. This may in-
clude common classification patterns, examples of common question types and
corresponding visualizations, or navigation support through existing surveys of
visualization techniques, such as provided by [27,25], to guide users in selecting
the right visualization based on Milana.
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